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FOREWORD 

The equipment of a modern aircraft Is a series of complexes 
Joined together Into a unified system. Their operation Is not pos- 
sible without the use of electrical energy, without the creation 
of various electrical machines, drives protective and control 
equipment. In recent times there has been an unprecedented growth 
of the speed and altitude of flight. This presents scientific and 
engineering-technical workers with a number of complicated tasks 
In providing high quality electrical supply with a higher degree 
of reliability, durability, and stability of operation under all 
conditions of flight, including emergency conditions. 

Alternating current and direct current energy systems are being 
perfected, work continues on the stabilization of the frequency of 
a-c generators without the use of constant speed drives, on obtain- 
ing electrical energy by means of thermoelectric, electrochemical, 
and nuclear sources, on increasing the accuracy on the stabilization 
of parameters and of the efficiency of primary and secondary sources 
of energy, on Increasing the reliability and stability of operation 
of the energy system at high temperatures and under conditons of 
supersonic high altitude flight. 

This book is an attempt to connect theoretical questions with the 
practical optimal decisions and recommendations on designing electrical 
supply systems, on methods of developing and drawing up plans, de- 
termining the weight and the reliability criteria, selecting the op- 
timal configurations and protection of this power supply network and 
the principles of construction of the most reliable primary and 
secondary a-c and d-c energy systems. 

In the book material on primary and secondary energy systems is 
systematized optimal versions of electrical energy transmission and 
distribution systems, and typau of protection of the electrical net- 
work are examined. Also a comparative appraisal and recommendations 
on the selection of optimal electrical supply systems are given. 

The material collected in this book can be used not only by de- 
signers in the designing of electrical supply systems but also auto- 
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matron and other equipment specialists taking part In the develop- 
ment of new electrical supply systems. 

The author is grateful to N. T. Koroban and candidate of tech- 
nical science M. A. Yermllov for critical remarks and valuable sug- 
gestions given during the review and editing of the book. To Doctor 
of Technical Sciences V. D. Morozovskoy and Engrs. B. L. Kerber, A. 
B. Shaposhnikov, N. F. Makokin and E. N. Korshunov for valuable ad- 
vice given during the review of the manuscript, to the Eng. V. D. 
Labutin who gave me a great deal of help during the preparation of 
the manuscript, to Engrs. N. M. Nikitlna and L. S. Tavluyekua who 
did a considerable part of the graphical work. The author requests 
that all critical remarks about the book be sent to the following 
address: Moscow, K-51, Terovka, 24, Machine Construction Publishing 
House. 

Section I.  Design of Aircraft Electrical Supply Systems 

Chapter 1.  General Problems of Aircraft Electrification. 

1. The Role of Electrical Supply Systems and their Classification. 

For supplying power to special equipment aircrafts use different 
types of energy; hydraulic, pneumatic, mechanical and electrical. 
Electrical energy is the most universal and widely used in all systems 
of aircraft equipment. 

In Comparison with other types of equipment electrified equip- 
ment has a number of Important advantages; reliability and durability, 
minimal vulnerability, small weight in volume, simplicity and con- 
venience in operation. 

Electrical energy is easily transmitted over distances, and dis- 
tributed to separate users. It can be transformed Into other types 
of energy. With its help it is easy to automate a series of oper- 
ations and thus lessen the work strain of the group so that they can 
concentrate their attention on solving the principal problems. 

Electrification and automation for aircraft systems considerably 
raises the relative weight of the electrical equipment In comparison 
with other elements of the aircraft structure. The capacity of the in- 
stalled electrical energy sources reaches 250 KWt with the extension 
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of the electrical network to over 100 km. 

The reliability and precision of the operation of different air- 
craft systems depends primarily on the reliability, continuity and 
quality of the electrical supply which is provided for by the prim- 
ary and secondary d-c and a-c electrical systems. 

The constant supply of high quality electrical energy is very 
important for the control and navigation systems in all flight con- 
ditions especially during take-off and landing where even a short- 
term failure of supply or a lowering of its quality could lead to 
catastrophy. 

To increase the reliability and safety of flight the complete 
duplication of control and navigation systems has appeared neces- 
sary. This problem could be solved by the use of separate power 
supply channels for the duplicated systems with a parallel operation 
of the energy sources. During take-off and landing it is advisable 
to conduct the power supply at the duplicated channels from two 
autonomous systems. This will guarantee continuity and high quality 
of the power supply by one 01 „he channels for the vital systems 
with the failure of any power supply channel. 

To provide Independence for the electrical power supply system 
during take-off and landing it is necessary to separate the primary 
and secondary energy systems into groups (not less than 2) with 
parallel operation of the sources for each group. Then the failure 
of the separate sources or sections of the network of one channel 
will not Influence the normal operation of the others. 

As a result of the diversity of models, functions, and con- 
ditions of operation of aircraft it is impossible to create a unified 
optimal electrical supply system. Therefore the choice of a rational 
electrical supply system is determined by the specific model and 
function of the aircraft. 

In all cases (independent of the model and function of the air- 
craft) the electrical supply system consists of the primary (basic) 
and the corresponding complex of secondary (auxiliary) energy systems. 
The entire energy system is designated according to the type of the 
primary energy system. 

The primary energy system obtains electrical energy from the 
primary sources and provides direct power supply to the overwhelming 
majority of the users. 
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The basic sources of energy are generators driven directly from" 
the aircraft engine or through constant speed drive. For the auxil- 
iary systems the source Is a storage device or a generator driven i" 
by an Independent engine or turbine driven by the alrstream. 

The primary energy systems are classified by the type of current 
and frequency In the three basic types. 

1. Direct current energy systems. 

2. Energy systems with a three phase alternating current and a 
speed frequency. 

3. Energy systems with a three phase alternating current and a 
constant frequency. 

The secondary energy systems obtain electrical energy from 
sedondary sources converted to the voltage frequency and type of cur- 
rent of the primary energy system. They then provide power supply 
Into users. 

Their energy sources are rotating or static convertors or In- 
verters, depending on the type of primary energy systems. If the 
frequency of the primary and secondary a-c energy systems coincide 
then the voltage Is converted by transformers. 

Secondary energy systems are classified into four basic types ac- 
cording to the type of current and the frequency. 

1. Energy systems with a single-phase alternating current In the 
constant frequency. 

2. Energy systems with a three-phase alternating current and a 
constant frequency. 

3. Energy systems with a three-phase alternating current and a 
precision frequency. 

4. Direct current energy systems. 

The basic parameters of primary and secondary energy systems are 
given In Table 1.1. 

In addition to those shown In Table 1.1 In some cases d-c 112 v 
and single-phase a-c 200 and 115 v energy systems are used. Secondary 
energy systems with single phase a-c, 47 and 12 v, with constant and 
sweep frequency are also used. 
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Table 1.1:  Basic Primary and Secondary Energy Systems 
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1. Systems, Type of Energy System,  Voltage of the Energy Source, 
volts - v. Voltage at the terminal of the user, volts - v, 
Rrequency cps. Comments. 

2. Primary,  Direct current 27 v,  28.5 + 3Z tolerance 28.5 + 4Z 
28.5 + 7Z,  27 + 10X  tolerance during emergency conditions 20 v, 
- , U - 28.5 + 21 with precise control, capital fluctuation 8%. 

3. Primary, Three-phase a-c 200/115 v sweep frequency, 208/120 + 
3X 208 + 3Z, 200/115 + 5%  200 + 5Xt      3C0-900,  f - ^ 400 + 5X 
cpt, driven from a turbo prop engine. 

4. Primary, Three-phase a-c 200/115 v constant frequency, 208/120 
+ 2X 208 + 2X, 200/115 + 5Z 200 + 5%, 400 + IX tolerance 400 
+ 2X,  U - 208 + (0.1-1) X  with precise control. 

5. Secondary,  Single-pha^e a-c 115 v constant frequency,  115 + 3%, 
115 + 5X,  400 + 5Z, on some convcrtors f - ^ 400+| X  cps. 

6. Secondary, Three-phase a-c 36 v constant frequency,  36 + 3% 
tolerance 37 + 3X, 36 + 5Z, 400 •:• 2X, on special convertors 
f - 400 + 1Z or 400 + 0.1Z cps. 

7. Secondary, Three-phase a-c 36 v precision frequency,  36 + 3%, 
36 + 5Z,  400 + 0.05 Z, also used are 500, 800, 1000, 1200, 
2000, 4000, and 10,000 cps frequencies. 

8. D-c 27 v,  28.5 1| Z,  27 + 10Z,  -, voltage fluctuation 8Z. 

2.  Short Historical Sketch of the Development of Electrical Supply 
Systems in Aircraft. 

The history of the development of aircraft electrification covers 
a relatively small period of time, and is closely connected with the 
progress in -viation technology and electrical technology. 

In 1869, A. N. Ladygin designed the world's first heavier than air 
craft with an electrical engine the "electroted". The power supply for 
the electric engines was supposed to be from special storage systems 
developed by P. N. Yablochkov. 

In 1912, the first bombers where electricity was used for ignition, 
heating, and radio-communication were constructed in Russia. They were 
the"Russian Hero", "Il'ya Muroneds" and "Svyabogor". The sources of 
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energy were a-c 0.5-2 kVa generators driven from the aircraft engine 
or from a windmill. 

The first airplanes had 600-1000 cps a-c electrical supply 
systems since the basic users - spark radio telegraph stations, re- 
quired a-c while for lighting and heating the nature of the current 
did not matter. 

In 1919 aviation switched over to a systems 8 v d-c electrical 
supply sources of energy of which were storage systems and wind-driven 
generators with a capacity of 36 v. The voltage of the network was in- 
creased in 1923 to 12 v and ii 1930 to 24 v and remained at that until 
1939. 

Until 1929 wind-driven d-c generators with a capacity of not ex- 
ceeding 250 W were used. 

In 1934 generators driven from the main aircraft engine appeared, 
the capacity in 1936 was 500 W, and in 1939 - 1000 W. 

In 1934 on the airplane "Maxim Gorky" three-phase a-c 120 v and 
27 v d-c were widely used for the first time. The sources of energy 
were two three-phase a-c generators with a capacity of 3 - 5.5 kVa 
and a voltage of 120 v and two d-c generators with a capacity of 3 - 
5.8 kW and a voltage of 27 v, these generators were driven by two 
special Internal combustion engines. The great turning point in the 
development of the electrification of aircraft was a creation In 1939 
of the Be-2 dive bomber en which for the first time electrical mech- 
anisms on the landing gear, the stabilizer, flaps, control of the 
radiator, trimming caps, and other equipment, were widely used. These 
users were supplied with 27 v d-c from two generators with a capacity 
of 1 kW each. 

Beginning in 1939 the quantity and capacity of the using units 

continually increases the length of the electrical network and the 
character of the users changed relative to the type of current, vol- 
tage and frequency used. The production, transmission, and distrib- 
ution of electrical energy became considerably more complicated. 
Electrical supply systems changed and their role grew, electrical 
energy has become the most important type of power supply for the com- 
plex assemblies of aircraft equipment. 

Since 1939 there has been an intensive development of 27 v d-c 
primary energy systems. The basic sources of energy of which are d-c 
generators driven from the aircraft engine and storage batteries as 
reserve sources. 
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During this period the capacity of generators has Increased from 
1 to 18 kW, and a number of generators on an aircraft has increased 
from 1-2 to 8-12 generators. The installed capacity of the energy 
system grew from 100 to 200 times, reaching the maximum in- the middle 
of the 19508. At the same time there have been changes in the system 
of distribution of electrical energy (centralized, decentralized, and 
mixed), the configuration (open and closed) and the protection of the 
power supply network. 

During the middle of the 1950s the speed in altitude of flight 
grew, this necessitated a qualitative change in the source of the 
energy, equipment, and the power supply network. Non-contact gener- 
ators. Intensive cohesion, static voltage regulators, and perfected 
systems of protection from inverse current, over-voltage, short cir- 
cuits, and other kinds of damage appeared. Annular nultichannel power 
supply network equipped with double relay and having higher reliabil- 
ity became widespread. 

For the power supply of a series of instruments, transmitters, 
radio and radio-locating equipment, and other equipment, d-c with 
increased voltage and a^c with constant frequency were needed. The 
power supply for secondary systems developed parallel to the d-c 
orimary systems. The source of energy for these systems was a rot- 
ating dynamotor, a single-phase 115 v 400 cps convertor with a 
capacity from 100 to 600 v-amperes, and a three-phase 36 v 400 cps 
convertor with a capacity from 70 to 3000 v-amperes. In recent times 
static convertors have become widely used. 

Energy systems with a separate operation for convertors have 
found practical use. In the initial period (until the 1950s) con- 
vertors were used as individual power supply sources for separate 
users. Consequently as both the quantity and capacity of the sources 
and users grew convertors were used for the group power supply of the 
users. 

Together with the increased capacity of the users and the neces- 
sity to increase their reliability and lower the weight of electrical 
equipment, in the 19508 began an intensive development of a-c, 200/ 
115 v sweep and constant frequency for 400 cps primary enetgy systems. 
Generators with a capacity from 7.5 to 120 kVA appeared. The installed 
capacity of aircraft energy systems reached 250 kW. 

In the initial period single-phase sweep frequency energy systems 
were developed and were used for auxiliary purposes (heating, surface 
equipment, and others) on aircraft with a basic d-c energy system. In 
recent times three-phase d-c eneigy systems are widely used as a basic 
primary energy system. They have constant speed drive, non-contact 
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generators and static elements fur control and protection. 

** To provide power supply for the d-c users along with the three- 
phase a-c primary energy systems small capacity d-c 27 v secondary 
energy systems developed. They used static nources of energy which 
converted a-c into d-c. 

At the present time energy supply systems have developed in two 
directions; a primary 27 v d-c energy system, and a three-phase a-c 
200/115 v primary energy system, one or the other is used depending 
on the model and function of the aircraft. 

3. Conditions of Operation of Electrical Supply Systems. 

Aircraft electrical supply systems operate under conditions sig- 
nificantly different from those on the ground. Their altitude and 
speed of flight, acceleration, and the various attitudes of the air- 
craft have an effect on their operation. The altitude is character- 
ized by the parameters of the surrounding air; temperature, density, 
pressure, humidity, chemical composition, dielectric strength, 
specific heat, and other factors. 

Within the limits of the troposphere (up to 11 km) temperature 
of the air decreases evenly with the increase in altitude, then re- 
mains constant (from an altitude of 11 km to 30 km) at about - 56.5* 
C, as one rises further the temperature reaches 0*C at an altitude 
of 40 km. 

The pressure and density decreases with an increase in altitude. 
The amount of moisture and oxygen are also reduced. At the same time 
the concentration of ozone increases. 

The relative humidity of the air can reach 98Z with a temperature 
of the surrounding air at + 20* C. 

With the lowering of the pressure the dielectric strength of the 
air decreases. At a height of IS km the dielectric strength is low- 
ered to 2.S times. A result of this is that the duration of arcing 
increases. The change of the parameters of the surrounding air have 
a negative effect on the operation of electrical systems. Prom this 
the effectiveness of cool in this lower (especially in the strato- 
sphere) altitude, the commutation conditions for electrical machines 
deteriorates, the degree of sparking and wear of the brushes in- 
creases, the starting time of the mechanisms increases aa a result of 
a thickening of the lubricants, the operation of commutation devices 
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deteriorate« In connection wich Che growing lonli.it Ion and «Ir con- 
ductlvlty the brlcclenesa of Insulacion macerlale increaaea. ch« 
efficiency of electrolytic capacitor» and atorage baccerlea deterl- 
oratca aa a result of Ch« increaae of their Incernal realaCance or 
Ch« freezing of Ch« electrolytes. 

Aa Ch« apced of light increaaea It raiaea Che ceaperature of ehe 
aurface layer and Ch« air frame of Che aircrafc, ChU lead« to a de- 
terloratlon of Ch« cooling condlciana, an increaa« in corroaion, a 
lowering of ■echanlcal 8Cr«ngChening. Che decerloration of the prop- 
ertlea of Ch« Insulating aaCeriala and to other reaulCa. 

Within wide Umlta Che change in Ceaperature leads Co a change 
In Ch« realatance of coil winding, eleaadc qualiCy of apringa and 
of linear diaanalona. These effect« cauae changea in Che adjuscaenc 
of Che equlpieent. 

Mechanical over-loading (vibraCion, buapa, ahocka, dynaaic forcea) 
haa an Important Influence on the operation and endurance of the 
electrical «quipaenc. 

The frequency and aapllCude of Ch« vlbrationa are decerained by 
Ch« aodel of aircrafc and ch« priaary engine. The frequency of the 
vibrations usually fluctuate» froa 0.5 to )00 cpa and acceleration 
reaches 10 C or aore. Aircrafc and all the electrical equipaenc found 
on thea can assuae any position. Thia haa an effect on the con- 
struction of Che electrical «yacea and cauaea addldonal difficulty 
In Ch« design of Ch« «quipaenC and ita coaponenta in Che corresponding 
aecdOna. 

4. Basic Technical Requireaenta of Aircraft Fleetrlcal Supplv 
Syac« 

The cechn<cal requir«aenca of aircrafc electrical aupplv systras 
are Ch« basic aacerial in daeign, inaulacton and operation. 

The iaporcanc« and coaplaaicy of the funcdona carriod out bv 
electrical supply ayaCeaa and their particular conditions of oper- 
adon call for vary acringent requireaenta. 

The basic r«quirea«nca are aa follows: 

1. Reliable and failure .ree operation of Che ayatea under any 
flight conditions. 

2. High durabilicy and reaiataoce Co daaage. and the durability 
of Che syacan Co operate after being daaaged. 
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3. Autonoay - th« capability of ch« ayatMi to «tart and Co 
■alntaln normal oparatlon without an outald» aourca of «nargy undar 
pre-fllRht and flight condltlona. 

4. Minimal flight walght and alia with a aaslaua poaalbla af- 
ficlency during flight oparatlon. Tha lowering of afflclancy laada 
to additional axpandlturaa of fual, Incraaalng tha walght and capa- 
city of tha main angina, and conaaquantly Incruaalng tha walght of 
the entire aircraft. 

5. High-quality alactrlc anargy, l.a.( constant voltaga and 
frequency. Dlvargancy fro« thaaa paraaatara bayond parvlaalbla llalta 
laada to dlsturbanca of normal oparatlon of tha unlta ualag al«c- 
Crlclty or to their fallura. 

6. Safaty and oparatlon of aarvlclng - tha uaa of low voltage 
on the control circuits of aircraft balng flown by InatruaanC, tha 
u«e of herautlcally aaalad connutatlon and protectIva aqulpaant, 
(aapaclally for ayataaa located clooa Co fual, oil, and oiygen). the 
u»a of batter Insulating aaterlala In tha conatructloo of aaaeabllaa, 
«Hsirlbutora and other aqulpwant. 

7. Slapla and convaolant aaaaabllnt Inaulatlon aarvlc« mod  re- 
placeaant of alenanta and aaaanbllaa In tha procaaa of production and 
oparatIon. 

8. high »achanlcal durability, primarily raalatanca Co vibration«, 
flowenta have to withstand vibration and ovarloadlng wlChouC suffer In« 
•<a«aga for the andra course of thalr aervlca life. Ala^ chey ehould 
not display ayapachetlc vlbradona wlchin cha range of freqweaciee 
found on aircraft. 

9. High raslataace to chaatcala. inaulatlon and ochar cowering 
rlenants should be resistant to daaage froa tha effe<ta of aolaCwre, 
•oavatrr, gasoline, and karoaana. otl and ochar corroalva alacurea. 

10. High ela<irKal and tharaal durablllCy. 

11. ftra aafacy. Haaaurea should be caban Co prewanc Che poaalb- 
lllcy of fires. And fire realscanc aacarlals should ba weed. 

12. SafaCv froa explosions, there should be a posatblllcy of 
locallilng ««plosions la a« InCarlor asaaably wlChouC any Karmf-.l 
consaquancaa for elaaants nearby. 

11. tapld preparedness for action. 
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14. Absence of obataclas to th« operation of radio equlpaent, 
■agoatlc coopaaaaa, InatruBonta, polarlsad rvlaya, and othrr equlp- 
■cnt arising aa a result of th« fluctatlon of voltage at th« con- 
putator of th« g«n«ratora, and th« r«ctlfl«r outlot«, vlbratln« con- 
tact«, and alao of a rasult of aagnatlc fl«ld8 cr«at«d by th« dlf- 
f«r«nt aaaoabllas and drlv«« of th« «l«ctrlcal aupply aystaa. 

Th« «1—«nt« of th« ayataa ahould not (nt«rf«r« with on« another. 

IS. Th« aaparat« aaa««bll«« and parta ahould be lntrr-r«pl«cvabl« 
and ataadardliad. 

16. A long a«rvlc« life with a Blnlaua coat of production, oper- 
ation, and repair. 

Certain of the require—at« llatad night hav« to b« given up b«- 
ceuee they are contradictory. During planning we ahould Hnd a 
coaprealae eolutlon using theaost leportant of the« In •■ particular 
altuatlon. 

lequlreaeote Inherent only In definite eleaenta or «vstrMi are 
dlecueoed In the correepoodlng aectlona. 

Chapter 2. Method of Deetgn of Aircraft Electrical Syat 

1. The Ley-Out of Electrical Equipment According to Ita Function 
•ad Section. 

In the proceaa of deelgo. laboratory reeearch, conatruct Ion. 
teetlag aad operation of aircraft elactrlcal aupply «yst«*«. thalr 
aetnod of developaeat «ad foraatlon of plena la laportant. An ef- 
ficient aethod proetdee for the slapllf lent Ion of the proceaa of 
designing, deelgnlag. coaplettng plaae. Initiation and control of the 
Welc pereaetere. broadening the area of work, ehortenlng the t tar 
end coet ead relelag the quality of the coapleted work et «11 stege« 
of dealgn, conatruct Ion end operation of th. aircraft. The uae of w«ll 
developed aethode ellowe ue to lower the requlreaent« of the quallflc- 
at lone of the dealgaere. 

The proceae of deelgnlng elrcraft electrical aysteaa Is elaborated 
In the following plan: 

1. Nein electrlcel dlagraa. 
2. leal-assaa>led electrical dlegraa. 
). AeeesAled electrical dlagraa. 
4. Traaealaaloa line electrical dlagraa. 
5. Coaetructloa aketchee. 
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IC 1« «fflclent Co use Che principle of laying out all elec- 
trical equipmenC by aecdona anJ functions as the basis of Che 
HVHtem* of coapledng plans a» shown In Table 2.1 

Table 2.1.  Layout of ElecCrical Kqulpment by Function . 

No. Index Oaslgnadon No. Index Designation 

F. D-c energy sysCesi 9 AP Automatic pilot 

FP A-c energy sysCea 10 L Lighting 

AB Armament (boob) S Signal* 

Ar; Araaasnc (gun, 
rocket) 

F Phocographic Equip 
aent 

F 

AS 

Eninge sysCeas 

Alrcrafc steer- 
ing 

R 

S 

Radio Equipment 
(Power Supply) 

Service Equipaent 

H Headng systea F Puel System 

I Inscruaents F Fir* Proofing Syst 

ES Engine Starting 

LC Landing Gear 

Each fun.iion Include* one or **v*r*l electrical sygtems de- 
«ignaced to perform a definite operation in Che carrying out of that 
functIon. 

The aain electrical diagraa* *re completed separately for each 
function with connection* between the different function* Indicated, 
If thrrc are any such connection*. Thu», thi* elialnate* the neces- 
•ity of coapo*ing general diagraa* for the entire aircraft. 

Depending on the "odel of aircraft certain function* aight be 
l«cking. In this caa* their nuaber remain* «apty and the number of 
th<- reaainins functions in accordance with the given lay-out is pre- 
served. With the appearance of new functions the sequence of number- 
ing continues. The nuaber of Che specific (unctions should be kepc 

• Developed by Che author in 19SO-19S3. 
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for all models of aircraft. 

r 

Fig. 2.1.  Diagram of enumeration of aircraft sections and 
panels. 

Each function also has a letter index, consisting of the first 
letter of its name. For example E - energy systems, d-c; I - in- 
struments; P - photographic equipment, etc. 

The functional principle of the lay-out of electrical equipment 
is the basis of the construction and numeration of the principal 
electrical diagram, assemblies, equipment, and wires. 

For construction, technological, and operational considerations 
the aircraft is divided Into several sections; 1 - pilot's compart- 
ment; 2 - navigator's compartment; 3 - center section; 4 - tech- 
nical section; 5 - tail section; 6 - inner wing; 7 - wing; 8 - 
engine gondola; 9 - engine. 

Panels, instrument panels, distributors, and flaps of the air- 
craft are given a number in which the first digit shows the number 
of the section, the second the sequential number of the panel in that 
section. For example the numbers of the panels in the pilot's com- 
partment run from 11 to 19. Panels on the left of the main axis of 
the aircraft have odd numbers, and on the right, even numbers. 
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A diagram of the electrical equipment lay-out by section and 
panel Is given In fig. 2.1. 

',       The lay-out of the aircraft by section and enumeration of the 
panels of the corresponding section Is the basis of the numeration 
of the semi-assembled and the assembled diagrams, bunched conductors, 
plugs, and enumeration of the blueprints of the constructed units. 

2. The System of Numeration of the Main Electrical Diagrams of 
Assemblies and Wiring. 

The functional designation is a basis of enumeration of the main 
electrical diagrams. 

The first two digits designate the number of the group. In ac- 
cordance with the normal NAP, the electrical equipment group has 
number 72. The second two digits designate the number of the sub- 
group. 

The principal electrical diagrams are given sub-group 00. 

In the numeration of the main electrical diagrams the digits after 
the dash show the sequential number of the function, for example: 

7200-1, - is the main diagram of the d-c electrical system. 

7200-2, - is the main diagram of the a-c electrical system. 

The numeration of the electrical diagram for the transmission lines 
is determined by the designation of the transmission line and coin- 
cides with the number of the corresponding main diagram. But since 
the ma in-function diagram consists of several transmission lines, there 
is an additional index, giving the sequential number of the trans- 
mission line in the main diagram. For example: 

7200-1-1, - is the transmission line diagram of the d-c 
generator. 

7200-1-2, - is the transmission line diagram of the storage 
system. Other systems have similar designations. 

The numeration of the load charge Is given by function In accord- 
ance with the type of current: 

7200-21,  - is the charge of the d-c load. 

7200-22, - is the charge of the a-c load. 
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The numeration of the electrical systems calculation is given by 
function in accordance with the type of current: 

7200-31, - is the calculation for the d-c electrical system. 
7200-32, - is the calculation for the a-c electrical system. 

The numeration of the electrical assemblies and equipment is done 
according to function and following the enumeration of the main 
electrical diagrams. The flrrt digit shows the number of the function 
and the second digit the sequential number of the assembly in the 
given function. Assemblies on the left of an aircraft axis have odd 
numbers, those on the right have even numbers, tor example: 

101,  - is the left d-c generator. 
1402, - is the right boiler, etc., for other equipment. 

Each function has its definite integral of numbers. For example 
from 100 to 199 are the assemblies of the d-c electrical system. 

If a hundred number integral is not sufficient then additional 
numbers are used in the same integral with a zero in front, for example: 
0125. 

Assemblies installed in a section or a panel have before the number 
of the assembly the number of the corresponding section or panel. For 
example, 9-101 is the left d-c generator installed on the engine; 22- 
118, is the circuit closer of the right generator installed on the 
navigator's distributor. The number of a section or panel can be writ- 
ten .under the number of the assembly. For example: 

—n  , —jo" i and 80 on' ^e number of the assembly is drawn on the 

blueprint and also on the aircraft in a convenient place. 

The above description of the system of enumeration of electrical 
systems is simple, graphic, easily remembered, convenient for de- 
signing, assembling, and operation. 

Wires are marked with letter and number indexes in which the 
first letter designates the function. 

For example; L - is lighting; S - Signals, and so on for other 
functions. 

The second letter and sometimes the third, designates the assembly 
in the function. The number index after the letter shows the sequenti- 
al number of the wires in the given assembly. For example: EC 1, - is 
the left generator wire. 
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Wires of the assembly on Che left axis of Che aircraft or in fronC 
if Che assembly is given on Che righc axis of Che aircrafc are given 
odd numbers. 

Wires on Che righc of Che axis are closer Co Che cail if Che as- 
sembly is on Che axis, are given even numbers. The number index re- 
mains unchanged from assembly Co assembly, including the case when a 
longer wing for Che wires there are terminals or plug and sockec con- 
nectors. 

Wires entering or going out of an assembly should have different 
number indices. This holds for all commutation equipment, (breakers, 
switches, buttons, and so on). 

With the connection of a wire to the plug socket connector Che 
number of Che wire should correspond Co Che number of plug, as shown 
in fig. 2.2. 

If in chis function, one feeder supplies consumers of various types, 
the letter index after the circuic breaker of the corresponding consumer 
may be changed. 

The basis of marking negative wires is the number of the assembly 
and the letter M; for example: HS92 - is the negative wire of as- 
sembly #592. 

If during assembly the negative wires are hooked up to a +, then 
Che marking shown is mainCained. 

10-SOI HJ-VB S-W 

Fig. 2.2. Diagram wich a connection of wires to assemblies. 

The wires going out of minus-busses Into a unit are marked MO 
general unit. A marked minus wire is shown in fig. 2.3. 

If a box has several negative busses and each one has a minus- 
wire going out of it, then to the index "NO" a number is added; for 
example, HO 1; NO 2, and so on. 

The entire system of numeration for main diagrams, assemblies, 
wires, transmission line disgrams, )<vjd charge, and wire calculations, 
in shown in Tsble 2.2. 

If a given function has power supply for several users, from one 
transmission line, then the letter index is changed after the circuit 
closer of that user. 
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minus bus 

( ; 

Fig. 2.3. The marking of minus-wires; a - assembly, b - general. 

3.  System of Enumeration of Arcing Wiring Diagrams, Wiring Dia- 
grams, and Design Blueprints. 

The numeration of partial and complete wiring diagrams and the 

structure of blueprints is based on the division of aircraft into sectors. 
The first two digits signify the riumer of the group. The electrical 
equipment group is assigned a number "72". The first two digits sig- 
nify the number of the subgroup. 

Partial Wiring Diagrams are assigned the number of sub-group "00". 
The number of the sector is marked with the second digit after the 
dash. The first digit "1" after the dash is the conventional Index of 
the partial wiring diagrams, for example: 

7200-110 - is the partial wiring diagram of the electrical equip- 
ment of the pilot's cabin. 

Wire Specifications are formed In accordance with the partial 
wiring diagrams. The conventional index for the specifications of the 
wires is ehe first figure "3" after the dash. For example: 

7200-310 - is the specification of the wires in the pilot's 
cockpit; 

7200-320 - is the specification of the wires of the navigator's 
cabin, and so forth. 

Photographic Diagrams are partial wiring diagrams of the control 
panels, made on photosensitive paper and placed directly in the ap- 
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paratus In places convenient for observation. 

The photographic diagram numeration Is based on the numeration 
of the control panels. 

The first digit "1" after the dash Is the conventional Index 
pertaining to the partial wiring diagrams. The second and third digits 
correspond to the number of the control panel, for example: 

7200-121 - Is the photographic diagram of the left distributing 
device of the navigator; 

7200-182 - Is the photographic diagram of the distributing de- 
vice of the right-hand section of the englne-noxzle. 

Bunches of conductors are assigned the letter-digit Indices, In 
which the letters Indicate the name of the section, and the digits 
the cardinal number of the bunch In this compartment. Bunches of 
conductors, passing from one compartment Into another without 
connection of the places where the compartments Join one another, have 
a two letter, corresponding to the names of the compartments. The 
bunches of conductors located to the left of the aircraft axis, are 
assigned odd numbers and those located to the right even numbers, 
for example: 

LI - Is the left bunch of the pilot's cockpit; 
LN 2 - Is the right bunch of the flyer-navigator cabin, and so 

forth. 

The number of the bunch Is painted with a special paint on the 
Insulation pipes which are set up on the bunch along Its length In 
several places, convenient for observation. 

The connecting plugs are assigned double digital Indices, In 
which the digits before the dash Indicate the number of the compart- 
ment of control panel, and the digits after the dash Indicate the 
cardinal number of the plug In this compartment or panel. 

For example: 1-3 Is the left plug # 3 of the pilot's cockpit; 
a diagram of the conductor-bunch enumeration and their connecting 
plugs Is given In fig. 2.4. 

The Wiring Diagrams and Structural Installations are assigned a 
subgroup, corresponding to the number of the compartment (third digit) 
and the Design Diagrams of the Panels are assigned a subgroup cor- 
responding to the number of the panel (third and fourth digits). 

The conventional index for the wiring diagrams and the structur- 
al blueprints of the panels is the figure "0" after the dash. 
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A - Number of function,  B - nanr of function, C - nuabrr of siapli- 
fI d dlanranb,  D - nuabcr of «•■«■bllos,  L - mala,    f -    auxili- 
ary, C - wire Indi'xcH,  H - nuaber of foeder syateaa,  I - number 
of load fdiedules, J - number of calculations. 

1. Simplified diagram of d-c power systam 
2. Simplified diagram of the a-c power ayatam 
3. Simplified diagram of bombing anaamenc 
4. Simplified diagram of firing armament 
3.  Simplified diagram of the motor «yatema 
6. Simplified diagram of aircraft control 
7. Simplified diagram of heating aystema 
8. Simplified diagram of inatnaenta 
9. Simplified diagram of automatic ayatema (automatic pilot) 
10. Simplified diagram of synchronization 
11. 
12. Simplified diagram of photographic equipment 
13. Simplified diagram of radio equipment feed 
14. Simplified diagram of crew'« faclllcles equipment 
13. Simplified diagram of the fuel ayatem (fuel) 
16. Simplified diagram of the fire fighting ayatem (neutraliiailon) 
17. Simplified diagram for atarting 
18. Simplified diagram of the chaaala. 
Column 6, (C - wire indexea): 
1 . E; 2 - A; 3 - BA; 4  FA; 3 - M; 6 - C; 7 - H; 8 - I; 9 - AP; 10 - 
L; 11 - S; 12 - Ph; 13 - R; 14 - CF; 13 - F; 16 - FF; 17 - St; 18 - Ch. 

Remarks: 

1. If any  function  in a given aircraft   in abaent,  the nuabcra cor- 
responding to  it  remain free. 
2. The distribution of busbars are aaalgned letter indicea A, B, and 
C, to the direct-current busbars; and 0, E, F, to alternating current 
busbars. 
3. For teating equipment the general order of numeration of ayatema, 
units, wirea, and the distribution buabara, are retained with the ad- 
dition of  letter  I,   for example: 

7200-11   la the alaplifled diagram of the d-c electric power ayatea 
of the teating equipment. 

801  I  -  is  the  Instrument   for  the  teating equipment,  and ao  forth. 

\ 
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s$ikL_„ ^ ^ I       0       .>r 0 0 

Fig.  2.4  -  Svsti-n of   Nua«r«t ion of   Bunchva of  Conductor« and 
Connect!OR   Plus«. 

In Ch« • onventloaal  deBlRiutions of  the photoitr«phic wlrin« 
dlagraas of   Che panel«,   Ch«  figure« «fcer  Che d««h «ignify the nuaber» 
of Che panel«. 

For «xanple:   7210-0    -  i« the wiring diagraa of electrical  «quip- 
ment   of  Ch« piloC*« cockpit;   7221-0    -   i«  Che  de«ignrd blueprinC   of 
Che lefc di«Cribucion  in«callacion of  ehe navigacor'« cabin;   7210-11. 
12  ...   19    - are Che phocographic wiring diagram« of  11,  12   ...   19, 
of  Che flyer'« cockpic. 
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• Co«(Mirt»«n(» 

- Uttabvr of co«p«rt«rni 
o(  coMp«r(«*at 

of p«rtl«l wiring dUcr«« 
of wjfc  «poclflc«ttoa 
of  Uituhr» of cooduccor« 
of conooctlog plus* 
of  vltlnt  dl«Kr«a 
of  «tructural   ln«C«U«Clooa 
of panri» 

of photogrnphlc •v»icn.» 
Of COODOCtlot Pluft« 
of photographic wiring dlagr 
Of d*«lgn blueprint». 

Pilot's cockpit 
navigator's cabin 
Mlddlo coopartaant 
Tachalcal co«part«rnt 
Tall coapartaant 
Central  plan 
Ulng 
Engloa noasla 
Eailoaa. 

taaarka: 

1. If torn»  coapartaents ara absent In thr particular aircraft, the 
nuabars partalnlng to It raaaln frar. 
2. If In aoaa coapartaent .the nuabars there used, are Insufficient, 
wa Introduce additional nuabars with the sero index: Oil. 012,  
accordingly the following nuaaratlons of the photographic dlagraa are 
produced: 7200-0111; 7200-0112;   the auxiliary nuabars should be 
aaslgnad to spllnter-boxea, aaall boards, and panels. 
3. Only such panels should be separated Into Individual structural 
aubgroupa, which have an Independent nuaber and a considerable voluae 
of structursl blueprints. The minor structures of the splInter-boxes, 
aaall boards, and panela, etc., should be coded according to the sub- 
groups of the corresponding coapsrtaenta. 
4. For wire bunches connecting two or aore coapartaents, the letter 
Index Is given In accordance to the naMS of the coapsrtments. 
5. For testing equipment the general nusMration order Is retained for 
the blueprints, coapartaents, psnels, connecting plugs, and their 
bunches, with the addition of letter I. For example: 7200-1101 ia the 
partial wiring dlagraa of the testing equipment of the flyer's cock- 
pit.; K121 is tha bunch of conductors of the testing equipnent of the 
right wing, etc. 

2* - 



i..ncr.»l Purposr Structurts - naaaly connection aroM for feed 
•t the «Irport, battcrv conCainers, aockets for the fuaoa, etc., nay 
be creoeferrvd froa one type of aircraft to another without changea. 
In that case only the place* of their Inatallatlone ID varloua coa- 
partaeott change depending on the type and Modification of the air- 
craft. Such a atructura ahould be aeparated Into apeclal aubgroups, 
not connected with a »pacific coapartaent. 

A coaplex aystea of nuaeratlon of the blueprint« with reapect to 
the coapartaenta Is given In Table 2.3. 

4.  Direct Method of Construction of a Schematic Circuit Dlagraa. 

Scheaatlc circuit dlagraaa reflect the electrical relationships 
between the eleaants and disclose the principles of Interaction 
between Individual eleaents of electrical syetaaa and the entire 
coaplex of electrical equlpaent. 

Scheaatlc dlagraas are the principal working docuaent in plotting, 
asseabling, and operation of electrical equlpaent fora the aoaent of 
origination of the draft to the teminatlon of service of the aircraft, 
therefore, they »liould contain all the principal eleaants of the 
electric asseablles. switching equlpaent, and electrical ayatea, with 
the laaRes portrayed nlaply and clearly. 

On the basis of t'to scheaatlc dlagraas the partial wiring dla- 
grams, photographic and general wiring dlagraas, and their structural 
Installation blueprints are developed, their load circuita are plotted, 
and thoir required regulatlona are performed. 

For certain types of aircraft, scheaatlc circuit diagrams are 
used for IS - 20 years. During this period, tend of thousands of people 
of various qualifications and levels of knowledge operated with them, 
beginning with the worker and ending with the highly qualified engineer. 

Let us examine the possible ways of syslematization in determ- 
ining the schematic electric circuit dlagraaa. 

The systemmatization is based on the principle of dividing 
electrical equipment according to functions. For each function, a 
separate scheaatlc diagram is developed, which is assigned a specific 
number with the corresponding numeration of the units and wires. 

On the schematic diagrams the electrical units and elements of the 
electric system are depicted conventionally, while the electrical 
connections between the them are shown with lines, which should have 
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the moHt possible numbers of IncersectIons and Inflections. Power 
circuits are shown with wavy lines, electrical units with a con- 
ventional outline drawn with thin lines, inside of which the ele- 
■erts included in Che assonbly are shown. On the boundary of the 
outline Che numbers of Che terminals are marked (for units wich 
several plugs, Che number of these connection plugs are also marked), 
Co which Che external wires are connected. 

Ic is sufficient Co reveal Che concent of the internal elements 
for only one of Che repeated assemblies of Che same type, and for 
Che other it is sufficient Co mark only Che exterior outline and 
number of terminals. 

For electrical assemblies having a complex system, ehe picture 
of Che Internal elements should be given in a simplified way-band 
assuring Che simplicicy of undersCanding of electrical systems. In 
individual cases Che InCerior elemenCs should not be depicted, only 
Che outline should be drawn with Che terminal numeration and their 
brief subscripts Indicating Cheir purpose. 

The convenelonal image of Che protective device should be por- 
trayed In accordance wich ics Cypa. On Che conventional outline, Che 
raced current of Che protective device is marked, and next Co IC Che 
raced current of Che consumer under long and shore working regimes. 
The Cime of Che brief working regime and Che distance Co Che farthest 
point of Che feeder. 

This makes it possible Co compile easily Che load schedule, and 
select Che power of Che feed source, Che type of protective equipment 
and Co decermine Che cross-section of Che wires. 

If Che protective device performs simultaneously Che role of the 
swicch, Chen one-half of Its conventional symbol is sheeted or is 
shown in Che disconnected position. 

On Che diagrams near Che conventional images of Che circuits, the 
cross-section of Che wires corresponding Co them are marked. If Che 
wire cross-section is constant for all the sectors of the feeder line, 
it is marked at Che section closest to Che protective device. 

If Che wire cross-sections vary in Che different sections of the 
system, ic is marked at all Che sections of Che system. 

Shielded wires are marked with crosses. 

Near Che conventional protection symbol the name of the feeder 
should be marked. Bar example: "Eleron trimmer". 
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In cases where the work of Che system depends on its Initial 
position, near terminal switches, relays, electrical units, etc., 
it is necessary to make the appropriate explanations in the dia- 
grams. The absence of such explanations (subscripts) renders dif- 
ficult reading of the diagram and results in their incorrect 
comprehension and operation. 

It is desirable to place the description under the corresponding 
feeder line in the diagram. 

In the specifications the units are enumerated according to in- 
creasing numbers, as it is Indicated in Table 2.4. 

This form of specification makes it possible to letermine easily 
the functions, the type of the unit, the number of he compartment, 
of the panel and the installation blueprint. 

The three numbers are also entered into the table and used in 
installing additional units. 

The name of the units should be brief, precise, and correspond 
to the standard designations on the parts and sections. 

Table 2.4 
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Number of compattment of panel 
Number of unit 
Name ot unit 
Type 
Number of InstallaClon blueprint 
Remark 
Left generator 
Right generator 
Inverse current relay of the left generator 

0. Inverse current relay of the right generator 
1. Left generator switch 
2. Right generator switch 
3. GSR-9000 
4. GSR-9000 
5. DMR-400 A 
6. DMR-400 A 
7- IN0M 
8- INCM 

C 

For example: the "light" of left landing light switch. The schem- 
atic diagram gives additional specifications of the manufactured 
articles, which have a great importance in the solution of a number 
of problems in planning and operation of electrical equipment. The 
specification form is given in Table 2.S. 

Table 2.5 
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Cardinal number 
Name of unit 
Type 
Quantity 
Weight of 1 item kg 
P Watts 
U Volts 

8. I - Amperes 
9. Remark 
10. Generator 
11. Inverse current relay 
12. Voltage regulator 
13. 400 a - 1 min; 600 a - 10 sec 
14. Breaking capacity 2000 a 
13. GSR - 9000 
16. CMR - 400 A 
17. R - 25 AM 

Compilation of the specifications does not require additional 
time expenditures since in the development of schematic diagrams a 
considerable time is devoted to familiarization with the principles 
of action and the principal parameters of the manufactured article*. 

On the schematic diagram of an electric power system the dis- 
tributing bus-bars with the protection devices and the names of the 
feeder lines of the consumers according to the functions are portrayed. 
This makes it possible to visualize clearly and distinctly the 
electric power system of an aircraft with all the distributing de- 
vices and the location of the consumers (see figure 1 of the appen- 
dix). 

• 

In finishing these schematic diagrams for series produced air- 
craft in excess of connecting plugs and their number of terminals 
to which the wires are attached a path should be introduced, as it 
is shown in fig. 2.5. 

When the connecting plug indices are available with indication 
of the number of terminals, the control of electrical systems for an 
aircraft is greatly simplified, the time for the control is re- 
duced, and during operation it is no longer necessary to have partial 
wiring diagrams, with which it is much more diffuclt to perform con- 
trol than with the above mentioned simplified circuit diagrams. 

Compilation of schematic diagrams according to functions has the 
following advantages: 

1. It simplifies planning, installation, and operation of the 
systems. U is possible, without additional time-loss, to use them 
for drafts and blueprints and for all manner of coordination in the 
process of planning and finishing the details of electrical equipment 
of an aircraft. 

2. The project work-front is expanded. 
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3. The planning time Is reduced. 

4. A more profound working-out of the system is provided. i 

5. It becomes possible to use less skilled designers without 
damage to the design quality. 

6. It becomes possible to modify substantially the electrical 
equipment of the aircraft In exceptionally brief periods of time 

7. The time for studying the systems In assembly and operational 
aircraft is reduced substantially. 

8. The replacement of worn-out tracing papers Is simplified. 

9. The probability of bapic and former errors In electrical 
systems is decreased. 

10. The preparation is simplified and the time for making out 
documents for ordering the finished articles is reduced. 

11. It becomes possible to determine easily the weight of the 
finished articles according to their functions, the power consumed, 
and other parameters. 

S. Method of Plotting Partial Wiring Diagrams. 

The partial wiring diagrams reflect the actual position of 
electrical units on an aircraft and their external electrical connec- 
tions. 

The partial electrical wiring diagrams are developed on the basis 
of simplified systems and made for every compartment, in accordance 
with which they are assigned a number. 

On the partial wiring diagram the conventional circuit of the 
aircraft compartment is given in which the units, panels, and the con- 
necting plugs are indicated. Their location In the system should ap- 
proach the actual location of their Installation in the aircraft. 

On the connection pictures the numbers of the terminals are 
marked and the male and the female plugs are also marked. The female 
plugs should be located on the side of the current carrying part. 

Wires connecting individual elements of electrical equipment with 
one another, are connected in bunches, in this way providing the most 
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8,5a - d/ium. 2 
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20 a - teen - sanyc* 
i-20M 
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yT33  yrss 

■7-60t 

Fig. 2.5.  Schematic diagram with Indication of the path 
of the wires. 
Key: 1. Eleron trimmer; 2. 8.5 a - long; 3. 
15 a - 12 sec; 4. 20 a - 1 sec - start; 

rational communications possible. 

Depending on the character of assembly (open, in a shield, in a 
pipe) the bunches have their specific symbols. 

The schematic location of the bunches should be brought close to 
the actual assembly conditions. Avoiding excessive intersections, 
which simplifies considerably a reading of the diagrar.- and a carrying 
out of the subsequent operations. 

In developing partial wiring diagrams, the following design, tech- 
nological, and operational requirements should be fulfilled: 1. Rati- 
onal grouping of units, assuring the minimum weight, the maximum re- 
liability and convenience of operation. 2. Technological efficiency of 

1 

\ 
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manufacture of the units, wire bundles and their assembly on the air- 
craft. 3. The minimum quantity of plug connections. 4. Minimum length 
of wire communications. 5. Minimum number of branches in the bundles. 
6. Simplicity of removal of bundles, panels and units. 7. Provision 
for operational accessibility for examination of the equipment. 8. 
Limited use of the splinter-boxes, serving for technological distrib- 
ution. 9. Simplicity in depiction of the diagrams. 

The specification for the units for the partial wiring in a dia- 
gram is made in the form of simplified diagrams. At the beginning of 
the specifications in the order of increasing numbers the panels of 
the given compartment are Indicated. Further, in increasing numbers 
with adherence to the order of the functions the specifications of 
the units are given. At the end of the specifications also in thn 
order of increasing numbers the connecting plugs installed in the 
given compartments are enumerated. This form of specification simpli- 
fies the reading of the partial wiring diagram and its coordination 
with the simplified diagrams and design blueprints. 

For the partial wiring diagram for each compartment a specific- 
ation is made for the wires with indication of the number of the units, 
panels, plug-connections, length, types, and cross-sections of the 
wires. 

To decrease the weight of the wires the units should be fed from 
the servicing devices, located in the immediate proximity from them. 

Units installed in the crew's cabins and the unit control circuits 
located in othei compartments should be supplied wit» power from the 
crew's cabins. 

In the process of development of partial wiring diagrams it is 
necessary to strive for a rational grouping of electrical equipment 
elements in the compartments and the panels from the point of view 
of the minimum weight, simplicity of design, technological effective- 
ness, reliability, and simplicity of operation in the electrical 
equipment of the aircraft. 

Photographic Diagrams are developed for the distributing devices, 
instrument boards, panels, shields, switching boxes, and other air- 
craft units, and are used tn the process of operation and electrical 
installation. 

In the first case the photographic diagrams are printed on photo- 
sensitive paper or metal and installed in the corresponding units of 
the aircraft. The photographic diagrams should have a black background 
and white image. The dimensions of the photographic diagrams are 
selected in accordance with the place of the!.: installation, but in 
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such a way as to provide fcr clarity of the Image and reading con- 
venience. The arrangement 01 the units on the photographic diagram 
should correspond to their actual position on the panels, which 
simplifies considerably the operation of the electrical equipment. 

In the second case the photographic systems are used in carrying 
out electrical assembly operations on ducts, for which purpose they 
give the specification of the wires with indications of the type, 
length, and cross-sections. 

The cross-sections of the wires Inside the panels should cor- 
respond to the cross-sections of the suitable wires. However, in 
order to decrease the weight and for the sake of compactness of 
electrical assembly within the panels it is advisable to use wires 
without chlorovinyl braiding and with smaller cross-sections, in 
comparison with the suitable wires, without disruption in doing this, 
the permissible values of the current load. This pertains primarily 
to wires, the cross-sections of which are selected according to the 
voltage drop or from considerations of mechanical strength. 

If a large number of the wires of the same type and cross-section, 
then, for the experimental aircraft it is sufficient to mention this 
in the remarks. 

6. Methods of Plotting the Wiring Diagrams. 

Wiring diagrams are the principal technical documents in the as- 
sembly of the electrical system of an aircraft and at the same time 
are the systems of communications of the wires and tha arrangement of 
the equipment, the list of the insta'lation blueprints, the weight 
summary, and finally, the grouping of the electrical equipment for the 
given compartment. 

In order to reduce the assembly time, decrease possible errors, 
raise the quality of the assembly and reduce the weight, the wiring 
diagram should be developed in the process of experimental planning and 
refined in the final adjustments of the experimental model. 

Let us examine the most rational system of formation of wiring 
diagrams. 

Wiring diagrams are usually made fcr individual compartments, that 
is, they are portrait within the outline of the framework of the cor- 
responding compartment of an aircraft on a scale, of 1:5 or 1:10 as a 
rule. 

The structural details of boxes, panels, arms, and other elements, 
required for assembly, are marked on the diagram on the same scale, as 
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well as all the electrical units, panels, shields, and the plug 
connections of the given compartment with indication of the number 
of installation in the blueprints and the corresponding numbers of i" 
the units and plug connections according to the partial wiring dia- 
gram. If the units are installed on the panel, then only the number 
of the panel is given. 

Then all the bunched conductors are marked in accordance with 
their actual position in the aircraft and with indication of their 
numbers. The details and norms for fastening the bunches are indic- 
ated. 

In order to simplify the installation of the bunches of the 
fuselage compartments and nozzles the wiring diagrams should give 
the principal plan projection and views of the right and left side 
from the inside. In places where the bunches of conductors pass from 
side to side, £n order to clarify the specific units for fastening 
and laying the bunches, the general blueprint should give the types 
and units of the corresponding places. 

On the wiring diagrams made for experimental airplanes, the 
passages and fastenings of the wire-bunches on the main routes are 
worked out in details. 

The routes of the minor bunches of conductors and their single 
wires are marked down tentatively and rendered more precise when the 
Installations are more refined on the experimental aircraft. 

In refining the routes and fastening details for the bunches of 
conductors it is necessary to use photography extensively and to 
compose photographic albums in the form of diagrams. 

Photographic albums are given to the series producing plants 
vhere the item is to be produced in series. 

The internal assemblies of the panels and boards are not indic- 
ated, and only the numbers of the installation blueprints and numbers 
of photographic diagrams are given. 

Publication of photographic albums (blueprints) gives a good 
concept on the details of wiring without loss of the designer's time. 
This method of showing the wiring details should be called the most 
maneuverable and economical. 

The specifications for the wiring diagrams are composed according 
to the form indicated in Table 2.6. The specification includes all 
the electrical units Installed in groups 72 and other groups, and also 
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the bunches and lAstening norms. The specification makes it possible 
to determine easily the numbers of the electrical units, the bunches 
and installation blueprints, the location of the unit on the aircraft, 
the weight of individual installations and the weight of the electrical 
equipment of the given compartment. 

Table 2.6. 
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Key: 1. Number of the aggregates, , .els, plug-connections, bunched 
conductors; 2. Number of the blueprints; 3. Name of the installation; 
4. Quantity; 5. Material; 6. Weight kg; 7. Remarks; 8. Bunch; 9. 
Pilot's left distribution system; 10. Voltage regulator; 11. Assembling; 
12. Installation; 13. Dc; 14. Shielded. 

Their specification is arranged in the order of the Increasing 
numbers. 

The recent practice of placing the typical buildlng-ln of the 
wires, connections, bunches, and other typical assembly elements on 
wiring diagrams causes the repetition of single type units, additional 
errors, and substantial time-losses, therefore, in developing the 
wiring diagrams we should use widely the norms of the standard wiring 
elements and units, used for various types of aircraft. The norms 
should be supplemented systematically upon the appearance of new 
buildlng-ln methods. 

Drawing of wiring diagrams In the process of planning and their 
refining during assembly of experimental models by photography re- 
duces the total time-loss for planning and assembly, reduces the weight 
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and increases the reliability of electrical systems. 

Photographic Wiring Diagrams. The practice of developing and 
publishing wiring diagrams for panels, shields, and instrument boards, 
distribution systems, and other electrical units, is connected with 
great difficulties and considerable time-loss. Given in the series' 
production plants the finishing of blueprints lacks behind the actual 
changes in wiring diagrams. For experimental models it is practically 
impossible to develop such blueprints. Therefore, it is quite 
rational to use photographic wiring diagrams, which show high quality 
of the diagrams with a minimum time expended for designing. 

The panels, boards, and other electrical units under the ex- 
perimental plans are usually assembled by highly qualified electricians. 
This assembly is thoroughly refined with the participation of the de- 
signer, and photographed with provision of good visibility of all the 
details. The photographs are'assigned the blueprint number. The neces- 
sary details and fastening norms are included into the specifications. 

The blueprint of the photographic wiring diagram is the principal 
technical document In the assembly of experimental and series' pro- 
duced aircraft. The photographs are reviewed when the design is ren- 
dered more precise. 

For connecting wires in carrying oat the assembling work the cor- 
responding photographic wiring diagram is used. 

7. Procedure for Plotting the Feeder Circuit Diagrams. 

The saturation of modern aircraft with electrical-equipment units 
makes it necessary to create feeder diagrams which simplify the ori- 
entation in the electrical systems during operation (checking, repairs, 
elimination of defects), analysis of reliability, and determination 
of the weight of the feeder elements. 

The feeder diagrams are formed for individual consumers, or a 
group of consumers, which have a common purpose, a single common 
protection apparatus, or several protection apparati, serving a group. 

The feeder systems are the supplementary sub-division of the 
simplified diagrams of each function with the addition of a partial 
and a complete wiring diagram part. Some schematic diagrams, drawn ac- 
cording to the functions, pass over completely into the feeder dia- 
grams without any additional splitting. The typical diagram is given 
in fig. 2.6. 

The development of either diagram is based on the schematic, 
partial, and complete wiring diagrams, the structural principles of 
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which extend completely onto the feeder diagrams. 

For the greatest obviousness and simplicity in employment, the 
feeder diagram should include six basic elements: 

1. Simplified diagram of a feeder with indication of the path 
of the wires (numbers of connections and terminals). 

2. Partial feeder diagram for the entire circuit of the aircraft. 
3. Wiring diagram of the feeder, portrait in isolectric or plant 

projections for the entire circuit, with marking of the true position 
of the units, panels, and the wire bunches. 

A. Specification of the feeder wires with indication of their 
type, cross-section, length, and weight. 

5. Specification of the units of the given feeder. 
6. Brief indications of the possibilities of the work of the 

system's elements. The feeder systems should be worked in preparation 
of the description of the experimental aircraft and used later for 
all types of technical information on electrical equipment. 

Chapter 3.  Stages in Planning the Electrical Systems of Aircraft. 

1.  Planning Stages. 

The process of planning of the electrical systems of aircraft 
passes through the following stages: 

1. Draft planning. 
2. Modeling. 
3. Work planning. 
4. Assembly of the experimental model. 
5. Industrial testing of the experimental model. 
6. Stage testing of the experimental model. 
7. Beginning of series production. 

At all the planning stages theoretical and experimental investig- 
ations of various variations of electrical systems are performed 
continuously, as a result of which at the moment of starting of series 
production of the aircraft the optimum variation with the refined 
prospective equipment is determined. 

The successful planning of electrical systems for the experimental 
aircraft depends to a great extent on the depth and volume of the 
theoretical and experimental Investigations of the models, experimen- 
tal-series types of equipment and of the systems as a whole. 

For this purpose orders for prospective equipment should be placed 
before the beginning of planning of the experimental aircraft in order 
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Fig. 2.6.  Feeder Diagram. Key: 1. Number of the compartment panel; 
2. Number of the unit; 3. Name; 4. Quantity; 5. Type; 
6. Pilot's cockpit; 7. Navigator's cabin; 8. Tail com- 
partment; 9. Navigator's central distribution system 
panel; 10. Electrical mechanism; 11. Switch; 12. Signal 
lamp; 13. Automatic protection device; 14. Plant public- 
ation; 15. Wire markings; 16. Cross-section; 17. Length; 
18. Weight kg; 19. Types of wires. 
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to accelerate its production and be able to select the optimum equip- 
ment at the beginning of planning, which would provide a maximum re- 
liability, minimum weight, and simplicity in operation. 

2. The Draft. 

The draft in the initial and determining stage In the development 
of electrical systems of the experimental aircraft. During this peri- 
od the basic theoretical and practical problems are solved and the 
basic technical documents on electrical equipment is developed. 

Technical documents should have a general group character, but 
with a theoretical substantiation of the basic problems of principle, 
should also be illustrative, precise, clear, and convenient for sol- 
ution and coordination of the principal problems with adjacent or- 
ganizations, in order to carry out experimental works, modeling, and 
work planning. This detailization should be carried out at the work 
planning stage. 

The combination at the beginning of planning of electrical systems 
with the moment of inception of the draft of the aircraft has a 
positive effect on the entire course of the process of planning and 
construction of the aircratt. 

At the draft stage, a comprehensive examination and detection of 
the principal possibilities of the consumers, the character and the 
specific features of their operation are performed. The required 
capacities for flight stages are determined. The principal type of 
the current is selected. A comparative analysis of the reliability 
and weight of different variations of electrical equipment is carried 
out. Simplified diagrams of power systems and their principal con- 
sumers are worked out. 

On the basis of these works the manufactured articles are ordered, 
experimental work is performed for determining the optimum variation, 
the electrical equipment is arranged in groups, the aircraft model is 
built with the equipment arranged in it, and the working planning is 
performed. This makes it possible, by the beginning of the work 
planning, to have specific solutions of all the principal problems on 
the electrical equipment of the aircraft. 

At this stage of the draft planning the following problems should 
have a substantiated solution: 

1. Development of simplified electrical systems. 
2. Selection of electrical equipment. 
3. Selection of type of current in the primary power system. 
A. Selection of the voltage, number of phases, and frequency. 
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5. Selection of the type and number of sources of oiectrlcal 
energy. 

6. Calculations of electrical parameters. 
7. Development of systems of functional relationships between 

the systems. 
8. Development of simplified partial assembly of electrical 

systems. 
9. Arrangement of the distribution devices in groups. 
10. Grouping of the electrical equipment. 
11. Grouping of the electrical conductor bunches according to 

the principal lines. 
12. Compilation of the technical requirements for the first 

electrical equipment. 

Let us examine in brief the content of the above mentioned prob- 
lems. 

Development of Simplified Electrical Systems. The draft should 
be necessarily accompanied by a sufficiently detailed devlopment of 
the simplified electrical systems simultaneously in several variations 
with subsequent selection of the most rational one of them. 

The content and appearance should approach the work planning 
electrical systems. This simplifies the process of grouping of the 
equipment on an aircraft, makes It possible to determine the possib- 
ilities of the optimum solutions of equations of principle, to de- 
termine the necessity for developing new equipment, carrying out the 
most rationally design, model, and their work planning. 

Special attention should be devoted to the development of the 
simplified electric power system, since it determines the rationality, 
character, and grouping of the rest of the electrical equipment. 

The basic electrical systems should be made with a high degree of 
precision, since the errors permitted in them are repeated many times 
in all the blueprints derived from them. 

In order to signify the grouping of electrical equipment and tie 
in the operations with the adjacent organizations, it is advisable 
to draw simplified, partial wiring diagrams on the plug diagram blue- 
prints with indication of the quantity and cross-section of the wires. 

Selection of Electrical Equipment.  In accordance with the simpli- 
fied electrical diagrams a detailed list of electrical equipment ac- 
cording to the functional features is made. In this case the type, 
capacity, working time and special operating conditions are indicated. 
The list of electrical equipments serves as the initial material for 
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grouping, load-schedule compilation, and election of capacities and 
types of energy sources. 

In the process of planning the characteristic operation features 
are determined as well as the principal technical parameters of the 
electrical units, the optimum set of equipment is established, the 
possibilities of the use of a series' produced manufactured articles 
and the necessity of development of new ones taking into account the 
latest achievements are also determined. 

It is necessary, to use as much as possible the series' produced 
electric units or experimental units, which have passed the state 
test. This reduces substantially the time required for planning and 
construction of aircraft. However, in ord-^r to improve continuously 
the technical and operational qualities of the aircraft, the latest 
prospective electric equipment should also be developed. The process 
of creation of this equipment should be far ahead of the dates of 
planning of the aircraft, and as a rule, should be carried out with 
the intention of using it in various types of prospective aircraft. 
It is advisable to examine simultaneously several variations of 
electrical systems and types of principal consumers. Special atten- 
tion should be devoted to main consumers, since they exercise the 
main influence on the selection of the type of current, voltage, 
number of phases, frequency, power, and type of source. 

Selection of the Type of Current.  In aircraft both direct and 
alternating current are used simultaneously, and depending upon the 
proportion of capacity one of them is the principal (primary), and 
the second is the auxiliary (secondary). 

Direct Current with a voltage of 27 v has passed along oper- 
ational testing. It is reliable and safe. It has perfected voltage 
regulation equipment and equipment for parallel work of the energy 
sources. Direct current is used most reliably for the work of electro- 
magnetic devices (relays, conducts, etc.), and incandescent lamp pro- 
duce a better illumination effect. However, the d-c system a con- 
siderable weight and low efficiency in the transformation of energy. 
At high altitude there is a problem of switching, brush-contact, and 
cooling. 

Alternating Current with a voltage of 200/115 v is beginning to 
attain primary importance. It is easily transformed with respect to 
voltage and frequency, and makes it possible to raise the ceiling of 
the equipment, reduce the weight and simplify the machine's design. 
In several types of aircraft the use of a-c motors with short circuit 
rotor is a sufficient reason in favor of the alternating current. 
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However, up to the present there are no simple and reliable 
methods for assuring the stability of the frequency and parallel work 
of the energy sources, which results In a complication of the electric 
power system and a relative reduction of reliability. 

In order to select the type of current for the primary power system 
the consumers are divided Into three groups and their total capacity 
is determined taking Into account the coefficient of simultaneous 
searching on: 

1. Consumers, requiring feed with only d-c (electro-magnetic 
trains, control circuits, synchronization, and instruments). 

2. Consumers requiring supply of only a-c (certain types of radio 
communication, radar, navigation, automatic, and manually operated 
equipment). 

3. Consumers for which the type of current Is unimportant (heaters, 
lighting devices, electric motors for the pum^s, and certain types of 
radio equipment). 

Taking into account, the general requirement for electric power, 
its separation into groups, and also the principal requirements for 
feed of individual consumers, the principal type of current selected 
for the primary power-system of the aircraft. 

For the principal type of current the initial energy sources are 
installed, the rationality of installation of the primary sources of 
energy for the auxiliary type of current is determined by the value 
of the power required. Sometimes it is reasonable to produce auxiliary 
type of current by transforming it from the principal type of current. 
This source is being used most extensively for small capacities. 

It is necessary to exclude completely the widely accepted practice 
of using consumers and energy sources of various types of current, 
voltage, phase number, and frequency, since it decreases considerably 
the reliability and increases the weight of the electrical equipment. 

Sub-Subreading, Selection of Voltage, Number of Phases and Fre- 
quency . 

Voltape. The selection of the rated voltage depends on the purpose 
and dimensions of the aircraft, the amount and power of the consumers. 
The optimum voltage is determined by the calculation method and should 
be standard. 

For direct current (proceeding from the condition of service 
safety) the 27 v voltage is the most rational. The use of higher volt- 
ages is sensible only for heavy aircraft, however it has not become 
widely used. 

- 42 - 



For alternating current (proceeding from the condition of the 
minimum weight) the most reliable voltage Is 200/115 v with a 
grounded neutral powerllne). 

Number of Phases. With respect to weight, the roost rational Is 
a three-phase operating current, but a more complicated protection 
and switching Is required for It. 

For small power consumers It Is more rational to use a single- 
phase alternating current, using the neutral powerllne with a strict 
regularity of distribution of the loads according to phases. 

Frequency. The optimum frequency for the entire complex of air- 
craft equipment should be considered the A00 cps frequency also for 
Individual consumer the 800, 1000, 1200 and 20Ö0 cps frequencies are 
better. 

Selection of Type and Number of Sources of Electrical Energy. 
The selected type of current, voltage, number of phases, frequency 
and capacity of the consumers determine the type and power of the 
energy sources, while their minimum quantity is determined by the 
number of aircraft engines. 

In the process of planning an aircraft, the quantity and power 
of consumers as a rule Increase before the value of the capacity 
should be increased up to 50% in comparison with the capacity determined 
in the initial stage of planning. 

In the selection of the generators, a power-reserve equal to 50- 
100% over the medium load should be assured, depending on the type 
and purpose of the aircraft. 

Calculations of Electrical Parameters. According to the simplified 
diagrams and working conditions of the electrical units, the required 
powers are calculated with respect to functions, the load schedules 
for the energy sources are plotted under various flight conditions, 
and calculations are performed for the cross-sections of the wires and 
weights of the electrical systems. 

In this case it is reasonable to perform comparative calculations 
of various variations of the diagram for the same system, which makes 
it possible to determine the optimum variation of the diagram. In this 
case the generalized materials on the systems are planned earlier and 
render substantial aid. 

Development of Functional Connection Diagrams between the Systems. 
Modern aircraft are equipped with complex electrical, electronic, radio- 
communication, and radar systems. 
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The work of Che ayetem«, as a rule, la automatic and Interrelated 
with varloua algnala, conmands, and their performance, and In order 
to coordinate the entire work of the equipment It la neceaaary to work 
out diagrams of functional comrounlc.itIon between systems. 

A diagram should Include all the principal units and their re- 
lationship, directions of the movement of signals, commands, and their 
fulflllnient, parameters of the signals, and commands, their quantity 
in cross-sectional wires In the communication and the principal re- 
quirements to the Individual units and systems. 

Development of Partial Wiring Diagrams. Simplified partial wiring 
diagrams should be developed for individual compartments on the basis 
of simplified diagrams. 

As has been noted earlier at the stage of Che draft-planning Che 
developmenC of simplified parCial wiring diagrams is permiCCed, which 
should be portrait on the blueprincs of Che simplified circuic dia- 
grams. This makes 1C possible Co solve Che afore menCioned problems 
with a minimum Cime-loss in planning. 

Grouping of Che DisCribuCing Devices. RaCional Grouping of dls- 
tribuCing devices should be provided for in Che developmenC of Che 
simplified diagram of Che power sysCem. The central disCribuCing sy.sCems 
(CDS) as a rule should be placed near Che generacors aud principal 
power consumers. From Che CDS, power is supplied Co Che power consumers 
and secondary disCribuCing systems (DS) located mainly in Che crew's 
cabins. The laCCer provide power Co minor consumers and Che electric 
system regulation circuits. 

In the CDS and DS protection is grouped according to functions, 
and within the functions according to the purpose of the consumers. 

Between the distributing busses, the energy should be transmitted 
accorded to the circuit, which provides a higher reliability of vi- 
ability. In arranging Che positions of Che disCribuCing devices, ic 
should be borne In mind, ChaC Che systems of transmission and dis- 
tribution of electrical energy according to the collection bus-system 
without protection of the feed lines are unreliable and present a 
fire hazard. The collecting bars have a great length and consequently 
a high short-circuit probability and therefore can cause serious 
damage and fires on the aircraft. 

Layout of Che ElecCrical EquipmenC. The layouC of electrical equip- 
menC should Cake inCo accounC Che influence of acceleradon, vib- 
raClons, moisture, and temperature, should provide for the techno- 
logical effectiveness of installation, convenience and reliability in 
exportation . 
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The electrical equipment units and cables should be Installed In 
such a way that they could be examined and replaced with a minimum 
time loss. 

In arranging the lay-out, the specific feature of operation of 
the electrical equipment should be taken Into account. Thus, for 
example, to assure the reliable work of the current voltage regul- 
ator. Its axis should be located perpendicularly to the longitudinal 
axis of the aircraft, and so forth. 

Arrangement of the Bunches of Electrical Conductors along the 
Main Lines.  The bunches of wires and their cables should be laid 
over the shortest distances and removed as far as possible from the 
hydraulic system, fuel system and moving parts. The bunches and their 
plug-connections should assure satisfactory air-circulation. The 
electric lines in conduits should be avoided as much as possible, and 
when necessary drainage and natural ventilation should be provided. 

Compilation of the Technical Tasks for the New Electrical Equip- 
ment. During rough draft-planning in the development of simplified 
circuit diagrams it becomes necessary to use new electrical units. 

The depth of the analyses and the thoroughness of working out of 
the simplified circuit diagrams take into account the emergency 
working conditions of the systems, make it possible to determine the 
most rational types of new electrical equipment. In accordance with 
the simplified circuit diagrams the technical tasks are prescribed 
and orders are made for development of new electrical equipment. 

The rough draft is examined by the customer. The substantial re- 
marks and the requests of the customer are included into the blue- 
prints. 

The rough draft is the basis for the further stages of planning. 

3. Modeling. 

In accordance with the draft a natural sized mock-up of the air- 
craft is built, in which the models of the electrical units, boards, 
panels, distributing systems, boxes, and other types of equipment 
are installed. 

The rationality of the arrangement, design, technical effective- 
ness and convenience of operation of electrical equipment is checked 
on the model. 

The model should approach in its details to the actual aircraft. 
The well-adjusted nock-up increase* the quality and reduces the time 
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for Che working planning and construction of Che experimental air- 
craft. 

The mock-up Is accepCed by Che model commission, and determines 
and eliminates Che short-comings of Che arrangements, caking InCo 
accounC Che requests of the customer. The required finishing ad- 
justments of the model are performed and the corresponding changes 
In the draft blueprints are made. 

Parallel with the arrangement of the electrical units on the 
aircraft mock-up In the laboratories of the design bureau and the 
corresponding InsClCuCes Che working models of Che electrical systems 
wich Che natural equipment should be installed and investigated in 
accordance wich Che planned simplified electrical diagrams. 

If Che capacities of Che electrical system are greaC, Che testing 
Is to be performed by physical simulation. 

The operating models of the electrical system should be tested 
under normal and emergency working conditions. 

Several variations of the electrical systems should be developed 
and examined simultaneously. According to the results of the tests 
Che mosC reliable and light electrical systems are selected. 

The complex Cest and final adjusCmenCs of Che electrical system 
should be performed at all the aircraft planning stages. 

Simultaneously, the adjacent design bureau should make models of 
and Investigate the newly planned electrical equipment. 

4. Work Planning. 

In accordance with the rough draft, the model, and the results of 
laboratory Investigations, the work blueprints are developed for the 
simplified, partial wiring diagrams, and wiring diagrams of electric- 
al systems and structural installations. Final calculations are made 
for the powers used, energy power source schedules are plotted, cal- 
culations of wire cross-sections and electrical portection lines are 
performed. Shore-circuit currents under emergency regimes are cal- 
culated, finished articles are refined, and the technical documents 
for the newly ordered equipment is given final adjustments. 

The ideas behind the simplified circuit diagrams of the rough 
draft, should be pracdcally transferred without changes to the blue- 
print's. Changes in principle, may be introduced onlv as a result of 
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detection of short-comings during a Joint Investigation of the elec- 
trical system by the manufacturer of the equipment, the laboratories 
and the design division, planning the aircraft. 

The systems and the designs provided for by the blueprints 
should be simple, technological effective, convenient, and reliable 
in operation. 

The technical recommendation should be presented according to the 
recommendations described in chapter 2. 

5. Assembly of the Experimental Model. 

Boards, panels, distributing systems, boxes, and other structural 
assemblies of electrical equipment are manufactured and Installed ac- 
cording to the blueprints. 

The internal assemblies of the units, should be carried out out- 
side of the aircraft on work-tables, which reduces considerably the 
labor consumption and improves the quality of the assemblies. 

In the process of assembly the basic and foremost errors per- 
mitted in the blueprints are detected and eliminated. During testing 
of the electrical systems under a current the defects and errors com- 
mitted in the basic and partial wiring diagrams are detected and 
eliminated. 

The blueprints should be refined only with technical remarks. 
In order to simplify work with blueprints the technical remarks should 
be formulated with a single number for the tntlre set of circuit 
diagrams connected with these changes. A large number of technical 
remarks makes it difficult to read the blueprints and especially the 
blueprints of electrical systems, therefore remarks should be entered 
into the blueprints periodically. At this stage it is necessary to 
refine thoroughly the assemblies, photographic, and production of 
photographic wiring diagrams. 

6.  Testing of Che Experimental Model at the Plant. 

During th>! test at plant the individual electric systems and the 
entire complex of electrical equipment are checked on the ground and 
under different flight conditions, the design, basic, and operational 
defects are discovered and eliminated. 

Individual electrical sysCems owing to insufficient studies and 
tests at the preceding planning stages aay be subjected to substantial 
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changes, which halts back Che completion dates and Increaseu the 
cost of the experimental aircraft. Correct planning methods el- 
iminate such phenomena. 

The required changes are introduced into the blueprints. 

7. State Testing of the Experimental Model. 

During the state testing of the experimental model on the ground 
and in flight the electrical systems are checked in accordance with 
the technical purpose of the aircraft. The working capacity of the 
aircraft's electrical equipment is determined under normal and emer- 
gency flight conditions. 

The artificial creation and the checking of individual emergency 
conditions of the electrical, systems on a real aircraft may be con- 
nected with grievous consequences. In this case operating mock-ups 
should be manufactured and the investigation should be performed 
under laboratory conditions. As an example we may mention the labor- 
atory Investigations of the viability of power systems during short- 
circuits. 

Operating mock-ups provide for a more profound and comprehensive 
Investigation of the processes occurring under emergency conditions. 
Mock-ups with real equipment and power lines should be delivered for 
state testing when the aircraft is still in the stage of rough draft 
planning. 

During the flight tests the basic, design, operational short- 
comings in the electrical equipment of the aircraft are detected and 
ways to eliminate them are outlined. Insignificant defects are also 
eliminated in the process of testing. 

According to the results of the tests a document is drawn up with 
indications of the defects and recommendations for adjustments. After 
the document has been studied the required changes are introduced 
into the blueprints and the adjustments of the experimental model are 
made. If the adjustments were of a basic character, the experimental 
model is delivered for repeated tests. 

Individual measures for improvement of the systems' work iray be 
introduced directly when the aircraft is put into series production. 

C 
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8.  Series Production. 

Before putting the aircraft into series production adjustments, 
connected with elimination of defects determined during the modeling 
process, experimental production, plant a-.id state tests are intro- 
duced into the blueprints as well as the changes caused by the tech- 
nological features of series production. 

The process of adjustment of the blueprints for series production 
usually proves very labor consuming and is connected with the pro- 
duction of a large quantity of additional technical documents. How- 
ever, when the above examined system of rational planning is used, 
the process of reparation is simplified, the quality is Improved, and 
the time for the output of technical documents for series production 
is reduced. 

Section 11. Weight and Reliability Criteria of Electrical Equipment 
of Aircraft. 

Chapter 1.  Weight Criterion of Electrical Equipment. 

1.  Flight Weight of Electrical Equipment. 

The determination of the weight of electrical equipment of an 
aircraft begins with the analysis of the weights of the units in- 
stalled, grouped according to functions (purpose) -ccording to the 
basic circuit diagrams. 

The weight characteristics of the electrical equipment are de- 
termined systematically, beginning with the elementary weight and 
ending with the flight weight of the entire electrical equipment of 
an aircraft. 

The principal weight characteristics are as follows: 

Elementary Weight of the Electrical Unit. This is the weight of 
its components. For the same capacity of an electrical assembly the 
elementary weights may vary depending on the structure of the elec- 
trical assembly, type of current, voltage, frequency, and installation 
conditions. 

unit 
We give the symbols of the eleaentary weights of an electrical 

glA ~ 1* the weight of the electrical pare of Che electrical 
asacably (electric motor«, relay, terminal ■witch*«, etc); 

RM - is the weight of the aechanlcal part of the electrical 
«»•••'hlv (drive, reducinjt gear, puap. etc.); 
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g3A "  is Che weight of Che exCernal equipmenC, serving Che 
electrical assembly (swiCches, relays, Cerminal switches, 
plug connections, etc.); 

gitA -  is Che weighC of Che powerline wires. Installed in Che 
aircrafc for feeding Che electrical assembly; 

g5A - is Che weighC of Che installation structures for the 
electrical assembly (arms, stands, etc.); 

ggA ~ is the weight of the installation parts of the electrical 
assembly (boxes, pipes, hoses, colors, etc.); 

g7A - is Che weighC of Che d-c power system used for feeding 
Che electrical units; 

ge^ - is the weight of the a-c power system used for feeding 
the electrical units; 

g9A - is Che auxiliary weight of the aircrafc caused by Che in- 
stallation of this unit (increase in weight of the air- 
craft engines, cooling systems, fuel, and so forth). 

Let us give cerCain explanations on the determination of the ele- 
mentary weights of the electrical assemblies. 

The weights of the finished articles, the units and the switching 
equipmenC (gi^; g2A; S3A)' are determined according to the data of the 
technical description or by weighing. 

The weight of the powerline wires (g^A' is determine' in accordance 
with their cross-sections and length specifically for the given type 
of aircraft. The weight of one running meter of the wire is determined 
from the table of the technical specifications or by weighing. 

The weighC of Che structural installations (gsA? is determined ac- 
cording to the installation blueprints of the units. It should take 
into account all the elements of the aircraft design, connected with 
installation of the given unit. 

The weight of installation parts (ROA) is determined according 
Co the installation blueprints. In this case it is mandatory to take 
into account the increase in weight of the aircraft, caused by the 
presence of the installed electrical systems. 

The weight of the d-c power system (JOA) used for feeding the given 
consumer, is determined from the total weight of the d-c power system 
and Che total power of all Che consumers. 

«'A" — 

ZPI 
1 • 1 

so - 



where G7^c - is the weight of the d-c power system. Index "16" In- 
dicates that the weight includes the first to the 
sixth elements of the weight. Analogous indices will 
be used later as well; 

n 
J, Pi    - is the total capacity of direct current consumers In- 

1*1     eluding the short-time consumers; 

n  - is the number of direct current consumers; 

Pjj - is the capacity of the given consumer. 

The weight of the a-c power system (geA)> used for feeding this 
consumer. Is determined analogously. 

The additional weight of the aircraft (g9A), caused by the in- 
stallation cf the electrical unit, depends on the type of the aircraft 
and may exceed'the sum of all the other eight elements by 2 to 20 times. 

From the first eight weight elements of the electrical unit the 
greatest in numerical value are the weights of the finished articles, 
wires and direct and alternating power systems, used for serving this 
electrical unit. 

The above enumerated weight characteristics make it possible to 
determine the Installed and flight weight of individual electrical 
units, the functions, and the entire complex of electrical equipment 
of an aircraft. 

The weight of the electrical unit without taking Into account the 
weight of the Gi6A power system - is the sum of the first six ele- 
mentary weights: 

G16A " 8lA + K2A + 83A + R^A + 85A + ^A- 

The weight of the electrical power svstcr for the G70A electric 
unit is determined by the sum of the seventh and eighth elementary 
weights: 

G78A " *7A + R8A- 

The installation weight of  the CI8A electrical  unit   is called the 
■ua of  the  first  eight  «leaentary weights: 
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G18A " CI6A "f (;
78A* 

Depending on the type of electrical unit some component weights 
may be absent. t 

The installation weight of the electrical unit cakes into account 
the increase of the weight caused by the service power systems. 

The flight weight of the Gi9A electrical unit is determined by the 
sum of the nine elementary weights according to the formula: 

G19A " GieA + 89A' 

The flight weight of the electrical unit v ystem) in distinction 
fron the installation "dead" weight takes into account all the ad- 
ditional weights, which are unavoidably related to the installation 
of this unit, and makes it possible to evaluate its actual "weight" 
for the aircraft. 

Thus, for example, the flight weight of the generator may be de- 
termined as 

Cl9A " G18 + g9K + 89T + 890X. 

where Gn, - is the installation weight of the generator; 

g9K " is the conditional weight of the aircraft structure 
caused by the installation of the generator; 

g9T - is the additional weight of the aircraft engine, fuel, 
lubrication, and structure of the aircraft, caused by 
drawing of the aircraft engine power for driving the 
generator. This weight depends on the characteristics 
of the aircraft engine with respect to fuel and lub- 
rication consumption and the lenp.rh of the flight; 

890X " *8 t',e "eight of the generator cooling system dependent 
on velocity, altitude, and length of flight. 

In particular, with a distant aircraft engine the equation for de- 
termining the flight weight of the generator assumes the following 
form: 
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n where: a - is the ratio between the weight of the aircraft struc- 
ture caused by the Increase of Its elements upon the 
Installation of the generator, to Its "dead" weight; 

S - is the ratio between the weights of the drive device 
of the generator to its "dead" weight; 

Y - is the ratio between the weight of the cooling system 
of the generator to its "dead" weight; 

g - is the weight of the aircraft engine per unit of power; 

gf ,. - is the consumption of fuel and lubrication per unit of 
power of the aircraft engine per hour; 

gQX - is the consumption of the coolant of the unit of power 
of the generator per hour; 

Pr - is the power of the generator in kW; 

nr - is the efficiency of the generator; 

ngr - is the efficiency of the drive-gear; 

T - is the flight time in hours. 

By Che drive gear we understand a system of transmission of motion 
from the aircraft engine to Che generator. For d-c generators and un- 
stable frequency a-c generators this is a reducing gear, for stable 
frequency a-c generators this is a constant speed drive. 

For jet engines the weight and consumption of fuel and lubricants 
are prescribed per unit of thrust. If the specif ic consumption for 
thrust is given the index of a dash, the equation for the flight weight 
of a generator assumed the following appearance 

1 02 P P 
G19 - (l+a+ß-hr)Gi8 +(g

,+g,f.iubT) ^LSJL + gQxT lL-  (1 - nrngr), 
vr,rngr      nr'gr 

where V - is the flight velocity in meters per sec. 

The weights of the consumers, functions, and the entire complex of 
electrical equipmenc of an aircrafc are deCermined analogously. 

2.  Determination of the Weight of Electrical Equipment. 

According to the above Introduced classification Che weight of the 
electrical equipment of an aircraft is divided into four types: elemen- 
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tary,   total.   Installed   (dead),  and  flight. 

The concepts of each type of weight pertain In an equal measure 
to  Individual electrical units,  functions,  and the entire complex 
of electrical equipment of an aircraft. 

For greater obviousness  Che sequence of calculation of the weight 
is presented In the diagram drawn In fig.   1.1. 

In the calculation-system we give numbers from the  first to the 
thirtieth with digital indices,  indicating the elementary weights,   in- 
cluded in the calculation.   For example:  ijg,  379.  22)9,   in which we 
Include the elementary weights from 1 to 6;  from 7 to 8; and from 1 
to 9 included,  respectively. 

10. Cu    \ 

i 3 
±0cfwf!HUü ßec 
 ST" 

JA1*» CS ' ''fti'-f' 

flutmtmifwrbMsü Bee 
7 

dowiriHbiu 6ei 

UUll 

8        9 

Fig.   1.1.    Diagram of the Aircraft Electrical Equipment Weight Calcul- 
ation. 
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Key:  1. Principal weight; 2. Additional weight; 3. Flight weight; 
4. Element-«ry; 5. Summary; 6. Installed; 7. Structure; 8. Fuel; 
9. Cooling; 10. Electrical unit; 11. Serlve pow.-r system; 12. 
Electrical unit; 13. Service power system; 14. Direct current; 
IS. Alternating current; 16. Unit; 17. Function; 18. Current 
power system; 19. Current power system; 20. Power system; 21. 
Consumers; 22. Electrical equipment. 

Letter g with the letter-digit index marks the elementary weights. 
For example: g^ -  is the fifth elementary weight of the assembly; 
R)L - is the first elementary weight of the power system; g3n - is 
the third elementary weight of the consumers. 

The letter G with the corresponding index signifies the total 
installed and flight weights. The digital index indicates which elem- 
entary weights are included in the calculation, and the letters sig- 
nify the type of equipment, for example: Gj6£ - is the total weight 
of the function; G18n - is the installed weight of the consumers. 

The numbers in combination with arrows indicate the order of cal- 
culation. The solid arrows show the most convenient order of cal- 
culation of the weight; the wavy arrows indicate the electric power 
assemblies, and ehe fine arrows the electric power systems for serv- 
ing the electric power assemblies. For certain weights another order 
of calculation As possible which is indicated with a broken line. 

In order to simplify the further calculations in the determination 
of the total, installed, and flight weights of electric units the 
latter should be grouped with respect to functions in accordance with 
the simplified circuit diagrams. 

In the diagram we show the calculation of the weight for differ- 
ent variations of the feed of the consumers^!th direct and alter- 
nating currents. In actual practice the quantity of feed variations 
is limited and the calculation system is simplified considerably. 

The flight weight of the electrical units, the functions, and the 
entire electrical equipment is the actual weight introduced into the 
aircraft upon the installation of the electrical units. The flight 
weight is the decisive factor in the comparison between the electric- 
al equipment of various types of aircraft. 

3.  The Relative Weight of Electrical Equipment. 

In the process of planning an aircraft, in order to select the 
lightest electric equipment system, a number of variations of individu- 
al electrical systems have to be worked out and compared with respect 
to their weight. However, by comparing the elementary, total, installed, 
and flight weights of electrical equipment we cannot determine the 
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llRhtcst eleccrical power systea. Therefor«, in order to aake a coa- 
paratlve analysis of the wa'ght of the electrical equlpaent of 
various systems, we Introduce the concept of a relative weight, re- _ 
preaentlng Che ratio between Che flight weight and the useful out- f^ 
put of power of the assembly (sysCem). 

Thus, for example, Che relativ»- fllghc wclghc of an elaccrlcal 
system will be 

M9A " TT" 

where: PA - Is Che useful output capacity of the electrical system. 

The relative weights are subdivided into elementary, summary. 
Installed, and flight weights, calculated for Individual electrical 
units, functions, and the entire electrical equipment of an aircraft. 

For a single type equipment of a similar capacity the relative 
weight is more conveniently determined for the entire set included 
in a function. 

To determine the relative weight of a function we should proceed 
from the average relative weights of the basic electrical units, as 
the most accurate ones, ignoring in this case the relative weights 
of the secondary units, which have sharply expressed extreme values. 

In this way, the relative flight weight is the principal crit- 
erion for the weight in the comparative evaluation of weights of 
individual elements and for the entire set of electrical equipment 
to various types of aircraft. 

In the process of planning for the relative evaluation of weight 
of the electrical systems, it is quite useful to utilize approximate 
calculations of the relative installed weights. 

In the approximate evaluation we performed a simple totaling up 
of the weights and their capacities. 

1. The relative installed weight of an electrical unit 
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2.   Kclaflvo   InttalUd   W.-1K»H   of   Ch«   function 

•   cl»f 
c»ef • Tr   • 

wh«r«: C|0f - la ch« total walght of tho function. 

Pf  - la die total output power of th« function. 

3. Ralatlv« Inatallad weight of d-c electric power ayat« 

* 
cTec ISc 

where: <;"iei " ls t,u? total weight of the d-c power system, 

P'      - Is the total output capacity of Che a-c power system. 

4. The relative Installed weight of Che a-c power system 

C78e 
'ISE 

where: Gist " is the total weight of all Che a-c power systems; 

P^  - is Che total output capacity«of the a-c power system. 

5. The relative installed weight of the power system 

* 
G
18E 

*     &- 
m  GT8e + Gl 18c 

6. The relative installed weight of Che electric power consumers 

?* 
I  G18p 

*       1 Giep  , 

* the asterisk indicates relative weight, 
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where:   T C|ap    -   1«  ;iic  total «MlgHt  of  Ch« coo«ua»r* of tho function; 

n -  1« th« nuabor of coosuavr«  In th« function. 

7. The relative  iMCallod weicht  of «loctrlcal equlpaont of en air- 
craft: 

*           a 
a        c\Bi * ciap 
C,6 -  m  

Chapter 2. Reliability of the Electrical Equipment. 

1. The Problem of Reliability of Electrical Equipment. 

The problem of Che reliability of the equipments' work attains 
special significance in connection with Che fact chac the development 
of Che functions of elecCrical equipment proceeds in Che direction 
from Che auxiliary Co Che decisive function of control on the aircraft's 
flighc. 

The expansion of Che range of problems, solved by means of elec- 
Crical equipment, results in an abrupC complication of Che laCCer, a 
mass employment of electronics, automations, and creadon of complex 
systems of equipment. 

In this connection, rigid limitations are imposed on Che newly 
designed system on creacion of a sCrengthened reserve (elecCrical, 
mechanical, and other) in connection with Che necessity of obtaining 
systems wich a minimum weighC and volume. 

In connection wich Che increase of speed of Cechnical progress, 
Che Cype permitted for developing new models is reduced sharply, which 
decreases Che number of additional tests of different variations for a 
comparison of their reliabilities. 

The growCh of the speed of Increased reliability falls behind and 
Che requirements for it, which reduces Che effecdveness of the new 
technological equipmenC, therefore Che problem of reliabillCy is Che 
mosC Important one in Che processes of planning, production, and oper- 
ation. 

The elecCrical systems should be simple in operadng-principle, re- 
liable in operation, and viable under combat condiClons. 

On Che rationality and correctness of Che system and construction 
of installation of Che electric power systems depends Co a great ex- 

* Che asCerisk indicates relative weight. 
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ir- t on «i.cii opmr»iioa*l  rvliahlllcy «ad v|i«lUy. 

AH ch* coosunrrt. wtch rvapvci to ch«lr lapariaac«, ar« 4lvl4«4 
loco coroo cocogorto«: 

1. CooouBors lodlopooooblo for flight. Tholr falluro «ay roo«tlc 
lo groat ham, cataitrophy. or neo-fulflllaoot of tho aaalgaaoot. 

2. Cooouwrt, tho falluro« of which «ay cauao a datorlcratloo 
of tho crow*« worklog condltlooa, and coapllcato tho flight coodltlooa. 

3. Coosuaort, operating only on tho ground. 

In ordor to assure coaplote aafaty and oparational rollablllty 
the following dooands are presented to the conauatrs of the first 
category: 

1. The consuaers should be supplied with feed under all condltlona 
of the power system's work. Including damage to Individual unit« of 
Che power supply lines. 

2. The supply and systems control circuits should exclude Che 
possibility of working conditions and controlled units situations in- 
admissible for flighc safetv, when Che system fails or whan Chare 
are troubles in Che control or power supply lines. 

3. In sysCems controlled by two or more members of Che crow, a 
blocking system should be provided for, which would exclude Che sim- 
ultaneous switching on of ehe system for opposing motions (removal 
or extension, opening or closing, eCc.) and assuring that Che system 
would be controlled by only Che principal member of Che crew when 
they are simultaneously turned on by several members of Che crew. 

Principal Characteristics of an Aircraft's Electrical System's Re- 
liability are: 

Electrical Reliability. Presence of duplication and protection, 
correctness of selection of the switching equipment, and other ele- 
ments of the system, absence of Che harmful influence of some elec- 
tric power consumers on the work of Che others. 

Safety of the System. Any failure of the system or erroneous action 
of the crew should not cause a direct emergency situation. Precise, 
immediate, and visual slgnalization of the failure of Che system. 

The visual nature and sufficiency of slgnalization of Che position 
of the unit controlled. Presence of blocking systems and protective 
devices excluding accidental or Incorrect switching on of the system. 
The failure of the blocking system should not disrupt the work of the 
principal control system. 
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il««c« of Ik» «•• of cwurallla« oall* !• flltfcC «ad lb* pecslb- 

IIUy of mrrommm OMftiom im  m«i.t 

^©••ibUict of tmpi4  dl«coao«ctloa of thm  syctMi c<Nicroll*4 durlof 
am mmftßmey  •icuacioo. 

Camhmt Viflliv.  Cootloulty of supply of pouor Co cho ■yscoa upon 
dMMg« Co • pare of cho ooorgy •ourco« or pore of ch« onorgy uoU. 
lopld and rollabla dlacoaaacdon of cho daaogod aoccor of cha «yscoa. 

2. laslc Concept« and Paraaocors In Calculaclog Cho tollablllcy. 

In Cha aachaaadcal calculation» of rollabllic of oloccrlcal 
ayacoao of aircraft cho wall-known ganaral concapes, c«r«a, and para- 
Mtara ara adopted which aaka 1c poaslblo Co analyto and evaluate cho 
rallablllcy of th- different aysc« 

Tha ayacna la the cocallCy of cho Jointlv act In* technical dovlcoa. 
Intended frr carrying out spoclflc function«. 

Eloaont of Cha syscaa - la a part of tho ayataa. Intended for 
carrying out specific functions. 

Working ordor - la tha state in which the ayataa (eleaent) at a 
given tlao aoaant correspond Co Che technical specification«. 

Working capacity - is the state in which the systen (eleaent) im 
capable at a given tiae-aoaent to carry out its functions with re- 
spect to the principal paraaeters, assuring flight safety. 

Fault - is the state in which the systea (eleaent) at a given tiae 
•ent doea not respond to at least one of the established technical 

requireaenca. 

"The basic fault" results in a failure, and "a secondary fault" 
does not cause a failure. 

Failure - is the coaplete or partial loss of working capacity of 
a systea (eleaent). 

Safety - la the property of the systea (eleaent) during the ful- 
fillaent of the prescribed functions under specific operational crn- 
dit ions and under the possible excernal actions, not to cauae a brsak- 
down of Che aircraft or endanger Che live« of ehe er«v. 
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i«lUblUcy -  U ti.« propmtiv of ciw «yaCMi (»(««MNII)  lo ft- 
c«la It« worklag c«|McUy during « pr#«crlb«4 i !••  lnc»r««l an4«r 
•pwClflC   <'p«f«llng  COOdlClott«. 

Icscorablllty - U ti.r property of th» »ytmrn (»Irnrnnt* to  rt- 
■Cor« i»»c worklm capacity a« a raault of allalnatio« of i'.t§  causoa 
of tha fallur«. 

Xoo-taatorcblllty - is Cha proparty of tha «ysta« (alaaant) aot 
to ba rastorabla aftar tha orltlnatloo of a fallura. 

Mean-line of a fallura-fraa work - TCp - of mnufacturad artlcla« 
Is tha aaan srlthaaatlcal tlaa of thalr corract work. 

For aon-r«storabla art Idas tha avsrsj^a fallura-fraa worktlas Is 
drtcrBinrJ «t tha ratio between ths total accuaulatad working tiaa 
of the articles which failed to their total number, that is, 

N 

TCP -     Hr1- • 

where: r^ - is the sccuaulated working tlae of the article before 
appearance of the failure; 

N  - is the total nuaber of the articles. 

For restorsble articles the average failure-free working time is 
deterained in two stages: 1. The value of the average time tj c- , 
accumulated between individual restorsble failurea of each article, 
is calculated as the ratio of the total working time of the article 
I&t to the total nuaber of the failures n for this time, or , 

tj cp - _L^  

where:   At    -    is the tiae between successive failures of the article. 

Thereupon,  the mean-time of  failure-free work of the entire nuaber 
N of the articles is calculated: 

N 
I '1 cp 

Tcp *        M 
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Thm .weise«  fallwrvfr«« ««orlilat '»»•  »• «a tllutcr«llv*, quaotJ- 
«»».vc  fciisbiliiv cii«r«( icriaf ti     Ic   i» conv*nl»nc  for evaluating 
t».e    fcllabllJIv   of   Slapl««!    olciwrni«.   «Alch   «fCcf    failure    «fc   QOt 

rep.if.d. Ic «ay ba «wad alae for •valuatlat tha rallability of coa- 
plaa davlcaa. but In tha latcar caaa thl« charactarlatlc will ra- 
flact Cha valua of tba aaantlaa of fallura-fraa work of a nuabar of 
ayaraaa bafora tbalr flrat fallur*. 

fallura-fraquancy - f - la tha ratio batwaao tha nuabar of art Idas, 
which have (ailed it a unit of tlaa, and tha Initial nunbar of tha 
artlclaa taatad undar tha coodltlona, that all tha artlclaa out of 
ordar ara not raatorad, 1. a., tha nuabar of the artlclaa taatad 
during tha taatlng parlod dacraaaaa (fig. 2.1): 

1 n0&t   ' 

where: AN - la tha nuabar of articles which have failed during the 
tiaa interval at At; 

NQ - ia tha initial nuabar of the articles tasted; 

At - la tha tiaa interval. 

According to the value of failure-frequency one can Judge the 
nuabar of Che articles which aay go out of coaaitsion during a des- 
cribed tlae-period, and determine the number of required reserve 
elementa. 

fhilure-Intenaity - X (fig. 2.2) - is tha ratio between the number 
of articles which failed during a time unit, and the mean number of 
artlclaa which operated correctly during the given time period: 

S» 2AN 
' W -At ' (Hi + N2) At : 

where: At - is the working time; 
N|  - is the number of articles operating correctly at the 

beginning of the time period At; 
N; - is the number of articles operating correctly at the 

and of the At time period; 
N  - is the number of articles operating correctly during 

time At; 
AN - is the number of articles which have failed during the 

tine At period. 
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Pig. 2.1. Typical Curve of a     Pig. 2.2. Typical Curve of m  Vari- 
Variacion of Equipment at ion of the Intensity of 
Pailure Frequency «c- Equipment Failure according 
cording to the oper- to th«? stages of operation, 
at ion stages. 

Key: I. Working-in period; II. Normal operation; III. Wear. 

In the time interval between 0 to tj the intensity of failures de- 
creases sharply. In this sector the elements are waiting in and go 
out of commission through Internal faults. In the sector from tj to t2 
the intensity of failures for the majority of elements is a constant 
value. This sector characterizes the normal work of the elements. The 
growth of the failure intensity curve upon the passage of time t2 la 
explained by the mechanical and electrical wear of the elements. 

The intensity of the articles' failures characterizes the most 
complete reliability of the elements and is one of the best reliability 
characteristics. 

Since it is considered» that all the elements in the equipment 
operate during the period of normal operation, that is, the periods of 
waiting in and wear, are not examined, the values of the failure in- 
tensity are given In the form of a constant value per one working hour. 

The tentative data on the intensity of failures of various elec- 
trical equipment elements in aircraft are given In Table 2.1. 

According to the failure intensity value we can Judge on the 
quality of the elements; the higher the quality the higher is the re- 
liability and the smaller Is the value of failure intensity. 

The failure intensity of a given single type element operating 
under a similar regime and Identical surrounding conditions may fluctu- 
ate within a wide range. Its value depends on the quality of the 
materials, technology, and efficiency of production, complexity of the 
elements, etc. 
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Tab!« 2.1.    Tcncadv« Date of  Fallure-InCenalCy of Electrical Kqulp- 
raenl  Elaaenta 

l|jllM< Hi>H.1IIHC 
».H'ttciiii'* 

^ ltiii>|i.iinil.>(lb   ' 
■11..i IHM  ii.i   |   VdC 

5C'ii|«.iii" u mi« 

6Koiii(fii<-.iii>pM 

7 n<>li-tll|Mii\ICipM 

ftdJcKrpiHMKrru. 

' 9 noiriipiiHiviini- 
KOiMv    .IM«4U 

10 no.iyiipmiiMMii- 
Koayo ipiiiMM 

11 P«M 
12 rUprt.iM<i.m.ili 

13 äMttllX'l.liiMII. 

14 .MVkp.'nuV .Mii- 
Tf IH 

15 flrcKaTc.iH 

16 AIIIOV.ITM      la- 
UtMTU 

17 llHrpuiioiniue 
npe^OXp.IHHTC.IH 

18 n.i.iBkiie npe.i > 
xpiuiittfui 

19 MarNiiriiMO VCH- 
.IMTC.1II 

20 9.iekTpti<iocKHe 
«JlUbipW 

21   Tp^Hf^l. pMJTO- 
PM   '.lai'Mi   M-'IUMO- 
Clll 

(O.INIt     t..r,)l»   I 

(".«•I    16.1)10-» 
(0.5 i 11.1)10* 
(0.1 . 31.5)10  » 

I 
(0.012 :5U)1U-* 

(O.o;. oo)iü » 
i r 

(n.aV-ini)io-i , 
(•MIO    3.H)I0 « 
(".«il   1.2) 10-s 

l! j 
■JG/J KI-S 

22Tp.iiui}.i.pvji.i- 
PU   »l.'UIIMC 

ipoCCCJH 

CiUClloluu II 

(1.2 .7.5)10 » 
10.2 10-» 

5 10- » 

MO-» 

(0.ii2 >0.5) 10-5 

0.3 10-» 

(O.0C2 : 6.^3) 10- 

lljirutiMinjiiiic 
• V MllllO« 

4   llHTeHCHMKKTb 
OTKJSM Mt   I'lUf 

pa6oTw 

Cnf.iiniriiHa 
Ui'lllfClbllMC 

26CoiMiiiiciiiia 
tiaflupA 

27ll.1MCpilTt.,.1bllMC 
upiiOupu , 

28ll'|.T|,*'i'"P'""i' ; 

19.i|( ^i IMK     lan.l«/ 
HIM. jcMncpaT.vpu 

J03iOKTpojBnra- | 

u-.nr MaaououtMUC 

Jl3 ifKtpo.iHura- - 
Tc.iii .cii.icaue 

J2My4iTu aacKTpo- 
uaniiiTiiue 

)3npi<>6pajüBa- 
TeaH • • 

)4r<iiepaTophi 
JSrciicpaxnpw 
öccKdiiraKTHue 

Jg AKKyMVJIHTOp- 
irue ÖaräpeH 

(0.02 :0,2),10-» 

(0,«I2   4.1)10-» 
i   •   • 

0,5 10-»    } 
OVWl :9.1}I0-V 

(O.Ol--l)l(i-» 

(ü':5   6) Klft* 

(0.01 ;0.3)ld-S: 

«(O.lS'iÖ.G)!!)!)-» j 

(O.JJIS : 33)!lp-i : 

(0.0^5:0.2)10-»] 
1 i 

(0.043:9.4)10-»' 

(25-=-100) 10-» 

(20 ;-100) 10-» 
(0.8:5)10-» 

(50:100)10-»    . 

1. Name of elements 
2. Failure-intensity per I out of work 
3. Name of elements for failure-intensity per 1 out of work 
4. Failure-intensity per 1 out of work 
5. Resistors 
6. Capacitors 
7. Potentiometers 
8. Electrical vacuum instruments 
9. Semi-conductor diodes 

~ 64 - 

o 



10. Semi-conductor trlodes 24. 
11. Releys 25. 
12. Two-way switches 26. 
13. Switches, buttons 27. 
14. Microswitches 28. 
15. Starters 29. 
16. Protective automatic devices  30. 
17. Inertial cathodes 31. 
18. Fuses 32. 
19. Magnetic amplifiers 33. 
20. Electric?! filters 34. 
21. Low power transformers 35. 
22. High power transformers 36. 
23. Induction, choke coils 

Solenoids 
Plug connections 
Solder connections 
Measuring instruments 
Indicator lamps 
Pressure and temperature sensors 
Low power electric notors 
High power electric motors 
Electro-magnetic clutches 
Transformers 
Generators 
Conductless generators 
Storage batterlee. 

Today, the data on failure intensity of various elements (Table 
2.1), have as a rule, a generalized character without indication of 
specific conditions, for which they are correct, and may be used only 
in approximate calculations. 

Probability of Failure-Free Work - P - is the probablity of the 
fact that under specific operating conditions within the boundaries of 
the prescribed time period no failures occur in the work of the article 
(fig. 2.3). The probability of failure free work is the principal re- 
liability characteristic. 

1,0 Tv 

Fig. 2.3. - Typical Variation of Failure-free Work Prob- 
ability in Time. 

In the general case, when there is a complex relationship between 
the frequency or intensity of failures and time, value P may be cal- 
culated with the formula: 
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t 
- / X(t)dt 

P-e 0 

For certain elements (system) the series of failures may be 
practically considered as the simplest series of random events, sub- 
ject to Polsson's law, In  the opposite case during a period of nor- 
mal operation the intensity of the articles' failures does not de- 
pend on time and is a practically constant value (X ■ const) and then 
the probable reliability is determined according to the exponential 
law of reliability: 

e" At - e 

where: t - is the prescribed working time. 

The exponential law of reliability Is correct, when the mechanical 
or electrical wear of the elements has not yet practically arrived, 
while the waiting in period has been completed, 1. e., it Is correct 
for the period of the normal work of the elements. 

The exponential law of reliability is correct for the majority 
of simple electrical systems. It is also used in calculating complex 
systems, consisting of a large number of elements, the variation in 
the reliability of which differs from the exponent, and the mean time 
periods of satisfactory work differ. This case is typical for the 
majority of complex systems. Practical experience shows that cal- 
culations of probability of satisfactory work, carried out under the 
exponential law of reliability, in many cases agree well with the ex- 
ponential data. 

From the exponential law of reliability (see fig. 2.3) follow the 
next Important conclusions: 

1. Reliability of the complex system, as an element, agrees with 
the course of time to the exponential law. 

2. The more complex the system (non-reserved) i. e., the greater 
the number of elements included in it, the lower is its reliability. 

3. The reliability of the system depends to a great extent on the 
reliability of the elements of which it consists. 

4. If durlrg a prescribed working time there is the possibility 
of appearance ol a single failure, i. e., t« ■ TCp, the probability of 
failure-free work will be of the order of 0.37. 

5. If a failure-free work exceeds by ten times the prescribed 
working time, i. e., tp - 0.1 TCp, the probability of failure-free 
work of an article will be not greater than 0.9. 
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Thus, In order to assure a higher level of failure-free work 

probability, it is necessary to increase substantially the mean time 
of failure-free work in comparison with the prescribed working time 
of the article. 

The reliability of a system may be Increased by simplifying it 
and increasing the reliability of its component elements. However, 
the decrease of the number of elements in this system, and the in- 
crease of their reliability, is a complex technical problem. 

The exponential law of reliability is inapplicable for the initial 
period of the work of the system, when Che process of waiting in takes 
place and the intensity of failures is not a constant value. 

The introduction into the exponential law formula of an addi- 
tional, factor K, obtained from statistics, may take into account the 
tact of the correct work of the system of a failure during the waiting 
in period and other factors. 

3. Brief Information on the Theory of Probabilities as applied to 
the Calculation of Reliability. 

The theory of probability studies the mass cases of an event or 
processes, possessing stable frequency of appearance. 

Upon an unlimited Increase of the number of tests the statistical 
values of the frequency approaches (converges with respect to prob- 
ability) to a certain number called THE PROBABILITY OF A GIVEN EVENT: 

1. If during a given test the realization of one of the events 
examined Aj, A2....An does not prevent the realisation of any other 
one of them, the events are called compatible. In this case the events 
will be independent, if the appearance of one of them will not change 
the probability of the appearance of another. 

For compatible events the theory of multiplication of probability 
is applicable, which is written for independent events in the follow- 
ing form: 

P(A1 • A2...An)-P(A1) • P(A2)...P(An) 

2.  If during the given test only one of the conditions examined 
A], Aw,...An, may occur. These events are called incompatible. 

For incompatible events Che theory of addition of the probabll- r \ 
ities is applicable: ' 
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PCA^Aj+.-.Mn)  - P(A,)  ♦ P(A2)  ♦  ...♦ PCA,,). 

Thr event».   Included  In th« working •tat.- of   ihr myrnitm (»IrnNrnc) 
and In lim failurr»,  ar«  Incoapatlbl«, alnca cha ayacaa cannot work 
and work at cha aaaa time.   In thla caaa in Cha Chaory of probabiticiaa 
ic  la aald,  that   incoapacibla awnca font a full  group for which 

P ♦ Q • 1. 

where: P - ia Cha probabilicy of cha fact that C«ie ayata« will ha 
workahla; 

Q - la Cha probabilicy of cha oppoaica avant (failura of 
Cha ayacaa). 

In Cha gaoaral caaa for cha full group of avanta A|, A^... AQ 

o 
[ P(Ai)-l. 

1-1 

In cha chaory of reliability w» Jiatioauiah chraa batic coawaa- 
Ctonal cvoaa of coabinatlona of »vfrnm  (ala«aafa)i  a«iccaaaiwa. 
oarallal. and «iaad. 

In cha pracdca of c«leulatioa of  tha raltabtlity of th» ayatwa 
tha »athod of atructurai  ayataaw haa bacona wldaly popular. Tha cal- 
culation ayatan according to thia aathod  ta forawd oa th» kaaia af 
auccaaalva and parallal coanactlon of tha ata—ga included i» a gi«a* 
ayacaa. Thaaa typaa of coawaatiottal caaaaftio— wa*d tot the cal- 
culation ayataa of ralLability do aot al«*aya calacido wltk doaigiaed 
connection of Cha alaaaata la tha ayata«.  I.  a.,  Cha parallel <aaaar • 
lion of carcala alaaaoca la cha alactrlcal clrcvlta la th» <alc«la< le« 
of reliability  la a ouabar of caaoa mmr ha a aarlaa caaaartiaa. 

A aarlaa cMMactloa (haaic) la callod the tacatity af «rat««» 
(«laaaaCa) for which tha oaeaaaary aad oaffuleM caftiitle« '.   *  a 
failure  la Cha fallura of  awaa aaa  (a^r) ayaca»  Celewei)  lae l«ged la 
tha glvaa totality. Tha calcalatloa ayatata aad tha iapaaiafa af thm 
ayataa'a rallahlllty oa cha rallahlllty al  Ma al««M>a«a la a aatie« 

:tloa ara glvaa la fig.  2.4. 

Accordlag co tho chaory af aMltipli<ati«a at prwhahlliiiaa «M*«e« 
tha coadltloa. that cha fallwra af »mh af is. a #|a—«a al i«a apa«« 
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Exaapl««! 1. The •ystM conaiBCs of three type« of elements (m-3), 
poeeeeelnn specific probabillttee of good working ordere, 1. e., Pj - 
0.995. n. • 40; P, - 0.995. o, • 40; Pj - 0.985. n, - 10. (*l 

Theo the probeblllty of failure free work of Che syate« la 

f • 0.995*° • 0.995*° • 0.9f5,0»0.82 • 0.82 • 0.87-0.58. 

I.  IW 9fimm c«aele(e of  100 ele«eale cooiMcted In aeries. 
3*<*f»l*e it» mm*m ffohehllliy of  follor« free work of Che ele- 

«• HovMl^t  »"«  o ptohehlllly of good worblag ord«r of the eyst« 
I to ; > 

P • 0,9 • pj5*, 

P. • O.fWI. 

A ^etolUt  <oummtt toe u tkm calelliy of  eyeiMM  (el««»«!*)  for 
«Auk the •»«••«enr ead «iff id«*!  ro«dll IOA» for a fallwr*  U th* 
felloro of oil  Cho oyotooo  (otMwetle)  |oclw4«d  lo the totality. 

The calrrlocio« •♦•««•» ead defooiofo of is« rvllehllity of th* 
«eotoo oo 11M rotlohlllly of  lie »iMSMte  .<■.-.*■ td  |a p«ralUl  le 
gleoo lo fl«.  2.S. 

fbo prohahlllly oC  felUre of  »yetas» 0 »it», tkm •laoMBt* tmmmmm 
lo porollol  Is OVMI to eh» prodMC of ehe proWbiliti*« af fsllvroo 
ol  Cho CBQSBaiaC   alaowaCei 

g.  •       •     (I   -  PJ), 
|»l «»I 

v- •   le It» 

'•• •   le «*• 
«* • 11 

* •   Ce  < — 

•>••'  9| le tw r««4M»|}i«* a<   f*il«««  «t  <w  | »Imm*» > 

tllllt »t   «iMM« «Me^i««  «e-O*«  •«  f%«   '  «I** 

«I  »IwaiM» «<r«««4^   «♦ |Ma*}|*} 
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Fig. 2.6.  DiaRram of calculation of Che rellablllcy of the system 
with alxed connection of the elements. 
Key: 1. Sector or section. 

The system with s parallel connection of the elements will not go 
out of commission until sll its elements have failed. 

The probable reliability of system P in this case Is determined 
as follows: 

p.I.Q.I«  nd- PJ). 
J-l 

Since the usual elements connected in parallel  (reserve) are 
equally reliable,  then 

f • I  -O  - PJ)". 

femyle.  The system hae k • 3( P] • 0.9. Determine P 

P • I -U-O.«)* • 1-0.11 • O.W. 

Perettel commecllome of  •u^eyslem«  (elemenia) should be used «he« 
c-  retiabltlfy of ihm eysimm afeemld be higher ihan cho relUbllfCy of 
Ike .-v.-.t«.,»  (etamwois). 

A m\mm4 ceeamioe le a oo< of ayMs— (ele««mcs)lm which «srloma 
<«Mi*ime«io«M of  ••«!•• »«u p«t«iui commonloms of hoch Cho lm4lvU«al 

ef« • : e  Cmmiie) em4 •••«< 

to fig,   I.* wo pfm——   mm of  imo r*Mlbl* eyeloms of colcolol loo 
• t «so tolieftiliiy of • opolea wiifc «leod emaoeciloo.   |o so«tor I 
%%m  »t —ms» MO <«Mo«f«4  l* eoriom«  lie follohlllly  te dofonilood M 

Mt«! |o f^t*:.«}-*««i««.  lie to «mitot  tt «*« oto—mgo ••• <«« 
•«llaAltllt  I* «««««oi««* *«  f.      ... 
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PII ■  U-(1-P3)kl  '   [l-(l-PjklwhenP3 - ?„, 

Pn -  [1-(1-P3)k]n. 

In sector III the elements are connected In series-parallel, its 
reliability is determined as follows 

Pj  - 1 -(I-P5 • ?0] 

The sectors are connected with one another in series,  therefore, 
the reliability of the system is determined as the product of the 
reliabilities of individual sectors of the system 

P - PI  *  PII  *  PIII "      "    Pi- 
i-1 

Example. Determine the reliability of a system the elements of 
which are connected as it is shown in fig. 2.6 and have the probable 
work reliability equal to P; - P2 - 0.97; P3 ■ P14 - 0.8; P5 - 0.9; 
P» - 0.95. 

PI ■ Pl ' P2 ' 0*97 ' 0-97 ' 0*94: 

Pn - [l-(I-P3 )kHl-(l-P.. )kMl-(l-0.8)2l2 - 0.92; 

PIII -l-Cl-Pj • Pe )k-l-(l-0.9 • 0.95)2 - 0.98; 

P-Pj • Pj, • PTJX - 0.94-0.92-0.98-0.848. 

The method of structural Systems Is simple and convenient, i. e., 
when Che element of Chs system is subject to onlv on« type of failure. 
In • complex •ystam, when Che element is subject to two different types 
of failure, Che act hod of scructural syscem is not always applicable. 
Per euch lascancea Che mosc univereel ie ehe method of failure fw 
wor^ diaarema developed on ehe bests of the eltebra of logic. 

Let ua exemlae Che eeeemce of chec mechod uatat aa eaempI«-problem 
em ehe eelecctom of Che mosc reliable cvp« of coamectloe (eerie« or 
perellel) of cue Uemdcal a—Ictimduccer dlo4M. eeeh of wMch U »^ 
Jecc Co Cwo dlfferemc types of fellur««* to be pwAciwr«<4 or tore, tm 
fig 2.7 «• elww cwo peeelble eleytlfle^ dlegream e. cmiirti—« of ik» 

•n- 



diodes: in series and In parallel. 

It is prescribed, that the diodes may fail because of puncture 
with the probability of q'j • 0.040 and there with q''^ - 0.030. The 
probability of failure of the other two conventional eleaente, in- 
cluded in the systems in parallel with the diodes, is aaauaed to be 
equal to q • 0.001. 

The prescribed prob/billtlea of failure free work and failurea 
of the cooponent eleaerta in thla case will be: 

1    Di-iuTk.i3>ioA pafa' u 
/'    0.VJ9 

/'d   0.930 

/''     0.9«)    "'d    ^•'^ 

2    Oraasa 
v   «».ooi 

U    ...070 

v.   o.oio ■   no iipoOtNO   3 

/£     0.970 d   0.030      ni oOpuey   4 

Key: 1. Failure free work; 2. failure; 3. beceua« of puncture; 
4. because of rupture. 

Let us for« a diagraa and equations for calculattflt Clio prob- 
abilitlea of failure free work of bue-eyatsne 

I -1» m****-'* <**** 2 ,%s:,t.'~*i  ^ 

lid 
ftDHS|:GHZ> 
=EKilMB1G>J 

PI«.  2.7.    CalceUctMi dlecr«» tot fellwre t\ 
i*t    I. tl«pliru4 4lecr«i( 2.  Hi«!, fre* «Mt 4U«fMt I. 
•»•««• will warb wlihMi  feilt 4. er. «ft  S.  If.  If. If. 

Ifce feeeU ovcke« it rMMrwilM ef ike feltvre fre« «»ft du- 
fttefB I« Ike ««svlleiM« «f e ctela «f le«U«| ««arfu las». 4e«e««|*- 
1*4 ikM« <<«*i*Mi«aa ef iMerr«le€e4 e«fi««e ef lailelAMl •%mtm% 
«f e «re«««», «ilk «Ma* f«il«t« f f«e «»f% i* mmmmi    ?w#* }e«ia«l 
(«srflil«** ••• «tine« la ft» »•«• ef e diet*«» ««4 ••*•*••»«  ««t 
•I wmmm% «•4*««>iei«i it» fell«*« ft** *-♦% el e #•♦<••. t» — **■• «f 
•l«aMMiert U%%* «l#e««e f«B««iMM<  la^uel e»t< i^lMei M«w. e4ill 
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and negations of event«. The replacement of «vents by the values of 
probability and their appearance results in an expression for cal- 
culadng the probability of failure free work of the entire systea. /** 

In the problea examined, the diagram consists of three logical 
chains (condition«) of failure free work: 

1) Diagram of diode« connected in aeries - all eleaents of the 
systea work without fall; - failure through puncture (q'n) of one 
of Che diodes under ihr condition of failure fr«« work of th« other 
«1—nf of th« systsa. This logical conclusion Is reflected In th« 
diagram In the for« of two analogous chains. 

2) Sy«tem of diode« connected In parallel - all «l«a«ntS of th« 
«y«iem work without fall;    - failur« through ruptur«  («i"j) of on« of 
the diodes under eh« condition of failur« fr«« work of th« other 
•loMota of tbm eystSB. 

to th« diagraa w« show two analogous logical chains «apr««slng 
tbla coodlcioo. 

Ihm prohebilitv of failur« fro« work of two dlod«a on ch« baeU 
of ih#  iBittel dec« «dopcad for a ««rl«« and parallel coaamccion «re 
doC«f«iMd hf th* followlag fonMlast 

^••rlM *** ' %'♦ H .f4 • % • f'  • f4 • 1*4 »f*  l^'^'l • 

• O.fff  10 ♦J0;  - 0.0MHI   • O.fMt 

tpfiut** - K • 'Vd-v ^ • % -^ • ^ i*4 • %;i • 
• O.ftf1  JO HO;   - 0 0>0;I   • O.fM. 

I« cftl* mar,  I« IM« caaa Ik« r«««re«ilom «f I«D 4i«dM H iiwir 
^f»U«»   CMMHllM«   I«   I**«   t«ll«»l«.   IhM «llh  Mtle«   <4Mnu!<l|0«M. 

4.       mm*» |« Imcrmea« i«ll«4illly. 

r*« far |a(f«««iag i<:i*%ilif v «ay U «e^* i« ft«am|««, pro- 
4ac«laa,  la at«r«lla« «I «reiea»  UleaaM*). 

%:* ita <a«i «f «peraiiaasl «reieaw (alaaaacal •«.••«•a« «•«*• 
•CaMiatlf Ik« ca«<   of pUaaiag «ai pfM««(fima, iwtmf««« iw pf|mr|p«| 
of far«  •*—*:* *m dlrsciad iaasr#« iia rv«aiiaa «f fvliakl« «reiasa «a« 
•laamal«.  »r*»fll«l»M.   la Ike  f|«M «f «»ei«llam «l«a.   lar^riem« 
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■ea«ur«B «ay b« taken for Increailng the reliability. 

In the courae of planning the rellabllltlea of ayateaa (eleaenta) 
■ay be attained both by the eyatea and the design methods. 

Syatea Methode ralae the reliability of ayateae (element«) !■- 
proving their alapllfled diagram«, namely: 

1. Creating the alapleat dlagraaa poaaible. 
2. Creating dlagraaa with eliminated conaequencea of failures. 
3. Reaervlng element« and ayateaa. 
4. Introducing autoaatlc control. 

Dlagraa aethoda are one of the declalve factors In creating re- 
liable eleaenta and ayateae and when they are skillfully used, they 
aake It poaaible to obtain reliable system«, even with insufficient 
reliable eleaenta. 

Creation of the Slapleat Syataaa poaaible la one of the most  la- 
portaac and difficult probleaa  In planning the ayateaa. * 

One of the cauaaa of origination of the reliability problea la the 
coaplealty of dlegraae of modern ayateaa, and therefore the rationale 
la degreea of the ouaber of eleaenta In a eyetea (without harmful cher- 
ecteriattca and fuactlootag) la the deteralng factor in their planning 
rfoceae. Per relay-contact ayeteae a theory baaed on logic algebra 
ealaia. *ilch aakea It poaaible to plan coaplex probleaa with a ainl- 
aan required ouaber of relay-cootact eleaenta. The degreea of the coa- 
plealty of the eyateaa la the only aethod with which the increase of 
rellability accoapaolo* th« degreea of weight and volume of the eyatea. 

Creation of Syeteae with Llaited Failure Reeulta - le of great 
la^ortaoce for avalatloo eyeteaa of a reeponalble purpoee (power ayat 
roacrol eyatsaM, aad oe forth),  fafluree of auch eyateae are divided 
Into two grouset 

I.    fafluree with dangeroue conaequencea; dlaruptlon of the flight 
assigaaeai, forced leadfag* accident, cataatrophy. 

.'.    fallurea wlthowt dangeroue cooeequeocee; the deterioration of 
morking ronditloae for the crew, coapllcatlon of fil.tht condition«,  re- 
duclloa of coafort,  aad eo forth. i 

« 

Jhm  systeaa, carrying out the reliable functlona of aviation ayateaa, 
•hould be built In euch a way aa to exclude the possibility of appear- 
eace of falluree with dangeroue conaequeacee, or at leaat to increase 
the valwea of the coaeeqaaacee on the appearance of a failure of the 
eyeteaa or Ha eleaaate ead eectora. 

la powrrevateaa (He eppearance of a dangeroue cooaequence la also p- » 
led with the toe« of feed for a nuaber of eyeteae and a poaaible \ 
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catastrophy. 

Analogous consideration may be expressed with respect to the system 
of autamatlon of aircraft engines, automatic pilot, and other systems, 
used In the aircraft (especially pllotless aircraft). 

Reservation - Is the most effective and promising systems method 
of increasing the reliability of elements and systems. 

Among Che design methods of Increasing the reliability of the 
systems applied are methods, analogous to those examined for the systems 
(creation of the simplest possible design, creation of designs with 
eliminated failure consequences, and reservation of structural elements), 
and also auxiliary measures: creation of reliable elements, correct 
selctions of their parameters, and favorable working conditions, stan- 
dardization of elements and systems, convenience in operation and re** 
pairs. 

The reliability of an element is determined primarily by the prin- 
ciple of its operation, and also depends on its design method and con- 
dition of use. Usually the most reliable are the elements which have 

no moving parts. Incandescent filaments, and fine windings. In this 
connection semi-conductor elements are very promising. 

New design elements should be unified and possess a high character- 
istic of uniformity during the good working order period. 

New design development are based to a great extent on a series pro- 
duced structural elements, therefore, their reliability should Improve 
coAtlnuously. 

Elements should be used only under working conditions specified in 
the technical specifications, since the excess of electrical, trouble. 
Infiltration loads, raises substantial (up to tens of times) the in- 
tensity of their failure. 

In planning the systems we should take into account the changes 
In Che parameters of the materials and parts with time and provide for 
Che possibility of repairs in the process of operation. A comprehensive 
automatic control system should provide control of the working order 
of Che systems and warnings on the place of failure-origination. In this 
case Che built-in control elements should not reduce the reliability 
of Che principal syscem. 

In Che process of production the reliability may be increased in 
the following directions: 

1. Improvement of the production processes. 
2. Automation of production. 
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3. Draining of Che elements and systems. 
4. Control of product quality. 
5. On the ground adjustment of natural size mock-ups of electrical 

systems with imitation of emergency conditions. 

In the process of operation the increase of reliability may be 
provided for by: 

1. Strict adherence to instructions on operation, regulation, 
and their operations. 

2. Extensive use of semi-automatic and automatic control of systems 
on the ground and in flight with forecasting of failures. 

3. Collection and processing of statistical data on the experience 
In operation of the systems. 

4. Communications with the industry and planning orgsnizations. 

In many cases the methods of servicing is an indispensable means 
for maintaining the reliablity of electrical systems and their elements 
at the appropriate level. 

5. Methods and Ways of Reservation. 

The increase of the quality of the system by means of rational use 
of excess elements is called reservation. The system shall be called 
reserved, if upon a failure of one of several elements it continues to 
function normally. A reservation may be performed by two methods: 
"hot" or "cold" reserve, which differ with respect to the action of the 
system to appearance of failure. 

"Hot"-reserve is the constant inclusion of reserve elements parallel 
to the principal one under normal working conditions. Upon the origin- 
ation of failures there is no disruption in the work of this system 
until at least one of the parallel connected elements is in good working 
order. 

This method is simple, economical, and reliable, especially when 
elements, small units and their feed-lines are reserved. Since the 
elements are permanently connected, it is not required to have switch- 

over devices or failure-signalization devices. 

With the "cold"-reserve the reserve elements are in a disconnected 
state (it is assumed, that the intensity of the failures under this 
condition is equal to 0). The next reserve element is included in the 
work, after the one which has been working has gone out of order. 

Short-comings of this method: 
1. Disruption in the work of the system from the ^ment of failure 

of the working elements until the connection of the r sn« went into 
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operation.  This phenomenon  Is especially dangerous  in  the electric 
power supply system. 

2.    The necessity of  having switch-over devices and working-devices, 
which  increases  the volume,  weight,  and cost,  and reduces the reli- 
ability. 

Both reservation methods may be used with different methods of con- 
nection of the reserve elements or circuits. 

There are two principal methods of reservation:   the general and 
the separate. 

General Reservation consists of reservation of the entire system as 
a whole.  Thanks to  its simplicity this method has become widely pop- 
ularized especially in the secondary power systems with transformers of 
direct current  into alternating, and alternating into direct current. 

Separate Reservation consists of reservation of a system according 
to  individual sectors or elements.  Any division of  the  reserve  1    o 
smaller items  (reservation on a smaller scale)  is more advantageous 
from the point of view of  increasing the reliability of   the system.   An 
example of this may be a parallel connection into the  feed-network of 
the generator feeders by individual sectors of the feed-line, to channel 
feed and control important consumers, etc. 

In designing conduct elements we may use  internal  reservations,   i.e., 
independent switch-rods,  regulating their independent  conducts,  in- 
dependent conducts of the basic relay with  Independent  control windings 
and so forth. 

Use of the above mentioned ways and methods of reservation in the 
primary and secondary powersystems are examined in the corresponding 
sections. 

However,  the reserve connection of the system  (elements)  is not 
only sufficiently effective.   This pertains  to cases when the  same 
element of a system is subjected to several  failures which differ in 
their physical essence.   In this case for a single type of failures  in 
order to provide for reservation,  the element  has to be connected  into 
the  structural system in series,  another type of  failures  in parallel 
series.   In such cases,  each of  the above mentioned connections by it- 
self may provide only partial reservation.  Energy about this is pro- 
vided by examples given in Table 2.2. 

In such cases  the use of  systems,  consisting of  combinations of 
series and parallel  connections  for calculating the  reliability becomes 
practically inconvenient.   In this case it  is advisable  to carry out  the 
calculations on the  basis of  logic algebra methods. 
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Table 2.2. 

I    I 
1     3 ICMCMT 

4     nn.i> npoDojiiiiKOBuA 

 11 
i 

2  Xjp.lktip     CTklK 

9      3.JCKtpO»iex«HMJ¥   CIICTO- 
MU VnpjtUCMIIi 

I 

•I 

7 06pui' 
 L 
10.1i<miiu{i tune 

«"»rM.i  im  tmini«. MC- 
\c..i« in prvpmipvctto- 

mi dimJ* ' 

6nnC.IC.lUMTC.lbHO« 

gllA|>.lJ1<-.1I.H0C 

lorjcAoaaTCJkHo« 

tr 1206pMtlucnH ynpao.ie-1    IIjpj.ijc.ibHuf 

1. Element 
2. Nature of failure 

3. Connection system proceeding from the failure reservation 
4. Semi-conductor diode ' 
5. Short-circuit 
6. Series 
7. Rupture 
8. Parallel 
9. Control system electric mechanism 

10. False pole 
11. Series 
12. Rupture of control circuit 
13. Parallel 

Very reliable systems and elements may be created by using re- 
servations. With the optimum diagrams for certain systems this does 
not cause a substantial increase in weight and volumes, especially 
in connection With extensive use of small dimension semiconductive 
instruments and their super-miniature parts. 

The continuous growth of complexity of diagrams of modern systems 
increases the demands for the reliability of elements, however, it is 
extremely difficult to reduce the intensity of element-failure to a 
minimum value through design and production measures in a short period 
of time, and therefore reservation at a given stage is one of the 
essential methods for increasing reliability. 
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6.     tcn(atJvc Calculation of Powvr  Sy*Cr« t«ll«btlliv. 

T«nt«clv« c«lcul4Clon o(  th« r*ll«blllty o(  pow«r •v»ic«»  la 
carrlad out «t  th« sCai« of  rough draft   In th« dowlopavnt of the ( 
• lapllflod circuit dlagraa.   In thl» case It  1« •••uwd that: 

1. All th« alMants oparat« during a noraal parlod of tlar 
undar nonul condltlona,  chair nuabar, typa, and fallurr  Intanslty 
ara known. 

2. The ant Ira «ystaa function« during th« MXlaua t laa of a 
alngla flight. 

3. At th« moiseni  of atart of  functioning th« mytem !■  in good 
working order which 1« achi«v«d bv th« correapondlng control. 

4. Failure« of the aleaenta In tlae are dlatrlbuted according 
to the exponential  law,   chat  la,  the probability of  failure free 
work of an element  la determined through and according to formula 

P - e^l'l, 

where ^i - is Che mean Intensity of failures of the 1 element; 

tj - is the working time of the 1 element. 

The calculation probability of power systems is carried out in the 
following sequence: 

1. We determine the probability of failure-free work P of the 
included units, auxiliary elements and wires for the prescribed maximum 
time flight 1, in this case the intensity of failures Is selected ac- 
cording to the statistical data of operation of analogous equipment: 

P-e-U.   - 

t r 

2. The probability of failure-free work of a single channel 
( generator with equipment) of power P^ is determined as the product of 
probability of failure-free work of the corresponding units 

P< - Pi ^2 ••• V 

3. The probability of safe work of electrical power systems is 
determined by the probable safety of the work of the channels in- 
cluded. 
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Th« reliability of a systMi of electrical power supply Is ex- 
anlned In the sense of providing flight safety. By flight safety 
we understand the probability of the power system for its possible 
«xt«rnnl damage to provide feed to the consumer, on the work on 
which depends the life of the participants In the flight and the 
performance of the assignment. The disruption of safety results in 
a dangerous situation. 

In the power system with parallel operating channels, the n 
time-duplication Is provided for, therefore simultaneous going-out 
of commission of n-1 channels does not result in the failure in the 
feed of the principal consumers, if the available power of one chan- 
nel is sufficient. The dangerous situation begins only when all the 
n channels go out of commission. 

The probability of safe work of a  power system Pc (presence of 
feed at the main distribution busses) in this case is determined by 
the expression 

Pc - 1 ~ Qc - 1 ^ q£ - 1 ~U - PK)
n. 

A single failure in one of the channels does not result in the ap- 
pearance of a dangerous situation. However, depending on the character 
of a failure (1. e., short circuit at the central busbar) and the 
system of unification of channels into parallel work, the dangerous 
situation may appear in this case also. A dangerous situation may or— 
iginate also in the case of double failures during certain combinations. 
For example, the failure of an element In the voltage regulation 
system and failure of an element in the corresponding protection de- 
vice. In certain power systems the break-down or waM^M^f ^"'rator 
bearings also results in a dangerous situation. In this case, due to 
the rigid connection of the generators with the aircraft engine, the 
mechanical friction.of the parts of the generators may cause a fire 
in the aircraft. 

The probability of origination of failure of a system Qo.c> caused 
by a certain double-failure of the units, is determined as 

Qo.c - Ql ' Q2 » 

where, for example Qi - is the probability of appearance of a failure 
in the voltage .-egulator unit; 

Q2 - is the probability of appearance of a failure 
in the protection unit. 
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The fear of double-failures, resulting in a dangerous sicuation, 
is determined by the proportion 

ß ■ Qo.c. . ^n.r . 
Q<     l-P< 

The probability of the absence of a dangerous situation for the 
n-channel system of the electrical power supply is determined by the 
formula 

pc - a - ßQ^)0 - a - ß)nqj' 

where Q^ - is the probability of failure of one of the n-channels; 

6Q(C - Is the probability of double failure resulting in a 
dangerous situation. 

According to the calculation of reliability of an electric power 
system the composition and types of the elements, the regimes of their 
work and the diagrams of connections are rendered more precise and 
the optimum variation of the simplified diagram of the electric power 
system Is finally determined. 

Let us examine examples of tentative calculations of reliability 
of electrical power systems for direct and alternating current. 

Example 1*. Calculation of reliability of a d-c power system. 

Calculation of reliability of a generator's feeder. The calcul- 
ation system of a generator's feeder, shown in fig. 2.8, consist of 
a series connection of elements. If from statistics we know the in- 
tensTcy of a failure of elements, using the exponential law, we may 
determine the reliability. 

1. Cutout 1, Xi  - 0.01 • 10"3. 

?! - e"Xlt - 2.73-t ' 0.01 • KT3. 

2. DMR: relay 6 pieces, X21  " 0-02 * 10~3; soldered connections 
35 pieces, A22 - 0.0001 x 10~3; plug connections 7 pieces, X23 " 
0.0005 • IO-5. 
The elements are connected in series. 

* Th« double failure in a single channel resulting in a danger- 
ous situation, is not examined in this example. 
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p m  e-t(60.02*35 • 0.0001*? • 0.0005) • 10"^ 2  7J-t .0.127 lO"1 

3. Switch 1 piece, A3 - 0.01 • 10"}. 

P3 • • 
-t • 0.01 • 10'3 

4. Voltage regulator; carbon rod 1 piece, X^i - 0.08 • 10"3, re- 
sistor 4 pieces, ^ ■ 0'01 ' 10~3, rectifier 4 pieces, X^  • 0.01 • 
10~3, electric magnet windings 4 pieces, \,,  - 0.0015 * 10"3, soldered 
connections 25 pieces, X^5 ■ 0.0001 • 10-3, plug connections 5 pieces, 
A^ - 0.0005 • 10-3. 

8»"oi PH   —   BC 

*        *' '* 

2    3 

I fadep n] 1 "8 

Fig. 2.8.  Diagram of calculation of generator-feeder reliability. 
Key: 1. DHR, 2. Switch, 3. Voltage regulator, 4. Outside 

resistor, 5. Generator, 6. Ballast resistor, 7. Short 
circuit wires, 8. Feeder. 

The elements are connected In series. 

-t(0.08+4 • 0.01+4 • 0.01+4 • 0.0015+25 • 0.0001+5 

-t 

0.0005) • IO-3 

0.171 • IO-3 

5. Outside resistance A5 = 0.12'10'3. 

Pc, « e 
-t • 0.12 • lO-3 

6. Generator 1 piece, A6 - 0.2 • 10~3, 

PA - e 
-t • 0.2 • 10 -3 

\ 
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7. BalUiC  rrnUtacuc 1 pUc«,   iy • 0.001   •   10'*. 

-t  • 0.001   •   lO-» 
P7 • • 

8. Short circuit. Length S a, *§ • 0.0001 * 10"' length 1 a. 

-t • 5 • 0.0001 • IO-3  -t • 0.0005 • lO"1 
Pe - • - • 

The reliability of the generator feeder Is determined by the 
product of reliability of the elements included. 

Pic - pi8 - P1P2 -Pa.-P- -Ps -Pe-P? -Pe - 

^(0.01+0.127+0.0140.171+0.12+0.2+0.001+0.0005) • lO"3 

?„. • e" 

e 
-t • 0.6395 . 10^3 

In this vay the probable reliability is determined: for 10 hours of 
work PK  - 0.9931. For 200 hours of work PK - 0.7A47. With parallel 
connections of engine readings into the network. The reliability of 
the power supply is determined by the expression 

Pc - 1 - (1 - ?K)
n. 

For example, when n ■ 2. 
In 10 hours of work Pc - 1-Ü-09931)

2 - 0.9? 
In 200 hours of work Pc - 1-Ü-0.7447)

2 - 0.935. 

However, we should bear in mind that the power supply to all the 
consumers upon the failure of the generator feeders is provided up the 
moment of complete exhaustion of the reserve capacity, and with the 
further failure of the feeders, it is necessary to disconnect the con- 
sumers accordingly. 

Calculation of reliability of the distribution system power supply. 
Let us carry out a comparative calculation of the reliability of the 
power supply of the distribution systems with different diagrams of 
the supply line. 
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Rg. 2.9.  Dlagran of calculation of th« reliability of th» unprotected 
line of dlatrlbutlng ■yatr« food: a - structural dlofraa; b • 
calculated diagran. 
Key: 1. Distribution systm, 2. Generator, 3. Control distrib- 

ution svstea, 4. Bolted connect Ion, i. Circuit In the 
wire, 6. Short-circuit In the busbar. 

Unprotected lines for the distribution systea's supply ore given In 
fig. 2.9. 

The ayttten Includes a bolted connection with •; • 0.0001 * lO"'. 
short circuit In the wires with X; - 0.0001 • 10"', for 1 a, and short- 
circuit for the distribution busbar Xj • 0.001 • 10"'. The reliability 
of the elements Included for 1000 hours of work Is detomlnod ss 

-t.2-0.0001-10-J   -t • 0.0002•l0-,  A ^.^ Pj - e ■ e • 0.9986; 

P2 . t-t.25.0.0001.10-3. €-t • 0.002510-' . 0 ^^ 

P3 - e-t0001 • 10"3 - 0.9982. 
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Ihm total rvlUbUUy I« 

P • (l     (l - f,  ),,IP,  •  f\ • 0.M68. t' 
- 

Vomt-linc»  wich onc-.ijcj prot«ccloQ of iIK- dl«trlbuClon «yNCMi 
•r« ttv»n in flg. 2.10. 

Tb« ayatM loclud«« th« ■ ***■ mlmmonf  •« in cyAtra of flg. 2.9, 
but In addition th« cutout with >? • 0.01 * lO"1. 

Th« rnlUbllltlo« of tho dc-m-nf • Included for 1000 hours of 
Mork u dotomlnod •■ follow«: 

.    -t • 3 • 0.0001 • lO"1   -t • 0.0003 • 10-J 
P| • • • • 

p    . «"*  * 001  '  l0"!. 

fn' P,   •  P? • .■10,   <i0O0J*O-01>   •  l0-,. r0-0103-0.9890; 

P, -  1  -   (1-P|2)? •  1 -  (1-0.989)' • 0.9999879; 

pj . #.10'  ■ 0.0025  •  10-». .-0.0025 . 0 ^j. 

K m #-l0
J  ' 0.001   •   10-' . ^.oo! - 0.9982. 

Pld * p»   '*\   •p'' * 0.999879•0.9962*1   -0.9982 • 0.99. 

Th« tot«l  r«ll«blll;y la 

P •  I  -  Ü - Pjd)' • 1 - Ü  - 0.99)' • 0.9999. 

P««d-lln«« with two-«ld«d protection ar« (Ivan In fig.   2.11. 
Tb« r«ll«bllltl«a of the aleaenta  Included  In 1000 hour« of appralalon 
«r« detemli 

e    . •    .« .•    ^-IO»(*O.OOOU20.0|e250.0001)    lO-1    -0.0229 A ft,„ P|i» P|    P;*P| •• •« »0.9772; 

P, • l-O-P,,)% • 1-0-0.9772)% • 0.999999971 • 1; 

, -10» -0.001   •  10"»        -0.001      A mmM9 P%  • « • « •   0.V»«.. 

P,, • I  •tl-PJ; • I  -tl-0.t9t2)J  • 0.99999475. 



4 h 2 , 

^ -J 

' b) 

Apomm 

11 L-31 

Pig. 2.10. OUgraa of calculation of Che feed-line reliability with 
one-sided protection: a - design dlagraa; b - cal- 
culation diagram. 
Key: 1. Distribution systesi, 2. Generator, 3. Central dis- 

tribution system, 4. Bolted connection, S. Circuit 
In the wire, 6. Short-circuit in the busbar, 7. Cutout 
or fuse. 

The overall reliability is 

P - Pj • P,! - 0.99999675. 

Proa the calculation we can see that the most reliable feed-circuit 
of the distribution system is the angular four-channel system with 
two-sided protection for the feed-line. 

Example 2*. Calculation of the Reliability of the A-C Power 
System. 

Let us assume, that from statistics we know the intensity of failure 
of units included in the electrical power system: 

- Por elements of voltage regulation and frequency X  ■ 2,10"7 

1/per hour; 
- for the protection unit elements » - I'lO"7 1/per hour; 
- for the contact-lasy generator X • 2.9,10"5 1/per hour; 
- for conatant speed drive » - 45.2'10~s 1/per hour. 
To determine the probability of the absence of a dangerous situ- 

ation for a four-channel power svstem, for a 10 hour flight. 

* The failure of auxiliary elements, wires, and the reliability of 
electric power supply to secondary distributing devices is not examined 
in '.his example. 
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Fig. 2.11. Diagram of calculation reliability of the feed-line with 
two-sided protection:  a - design system; b - cal- 
culation system. 
Key: 1. Distribution system, 2. Generator, 3. Central dis- 

tribution system, 4. Bolted connection, 4 pieces, 5. 
Circuit in the wire, 6. Short-circuit in the busbar, 
7. Cutout or fuse, 2 pieces. 

The probability of failure-free work of the unit for a 10 hour 
flight la determined according to the formula of the exponential law. 

1.  For a voltage regulator consisting of 53 elements. 

p.H 
- 2-10-7 • 53-10 

0.99989. 

2. For frequency regulator consisting of 41 elements, 

-2'10"7 «41'10 P
P.ch - «   

ü   ^ lü - 0.99993. 

3. For the protection unit consisting of 245 elements. 

b. e. y ■ e 
-1 • lO"7 • 245 • 10 

0.99976. 
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4. For the contactless generator, 

Q Pr    - e l'*      XU i      iU    -    0.99972. 

5. For the constant speed drive, 

-AS 9 • 10"5 • 1 • 10 
P  . e ^'^      iU    i  iU - 0.9955. 
pr 

The probability of failure-free work of a single channel of the 
electric power system is determined as, 

Pk '  Ppr 'Pr*PP.H 'Pp-ch • Pb.e.y - 0.9948. 

The probability of failure-free work of a four-channel system 
without taking into consideration the determined combination of the 
double failure, will amount to 

P„ - l-d-F, )'♦ - l-(0.9948)'4 - 0.999999999269. c       k 

The probability of origination of failures of the system, caused 
by certain combinations of double failures of the regulation and voltage 
units, will be 

Qoc " Qp.H * Qb.e.y " 48-10-6 -SO-IO"6 - 24-10-10 . 

The fear of double failures resulting in a dangerous situation, 

6" T^r-  " 1-0.9948 - A-02 ' 10 • 

The probability of a absence of a dangerous situation for a four- 
channel system will be determined by 

Pc - (1 - BQ^)14 - (1 -ß )*  -%    - (1 - 4,62-10-7 •5.2•10-3),, - 

- (1 - 4,62-10-7)'4 • 0.0052'* - 0.999998977. 
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Section III.  Aircraft Electric Power Supply Systomn. 

Chapter 1.   Electric Power Transmission and Distribution Systems. 

1.  Principal Elements and Classification of Electric Power Supply 
Systems. 

The electric power supply system is the connecting link between 
the sources of energy and consumers and consists of the following 
elements: 

1. Electrical Conductors, intended for transmission of electric 
energy from the sources to the consumers. 

2. Distribution systems (DS) intended for recpiving energy from 
the sources and distributing it to the consumers. 

3. Equipment for protection of the sources of energy, consumers, 
and wires, against short-circuits and overloads. 

4. Switching equipment intended for control. 
5. Control equipment of Sources, consumers, and distributing systems. 
6. Devices against interferences in the work of the radio-engineer- 

ing and instrumental equipment. 
7. Equipment for protection against static electricity. 
8. Installation and assembly parts. The electrical power supply 

systems are classified according to a number of features: 

According to their purpose their are divided into feed- and dis~ 
tribution systems. The simplified diagram of a system is given in 
fig. 1.1. 

Feed-Systems transmit electric power from the sources to the feed 
points, primary and secondary distributing systems. 

The Distributing Systems transmit the electric power from the feed 
points to the consumers. 

With respect to the type of current in voltage the electric power 
supply systems are j-ibdivided into 5 groups: 

1. D-c low voltage systems (47, 27, and 12 v). 
2. D-c high voltage systems (112 v and higher). 
3. Three-phase a-c high voltage systems (200/115 v and higher). 
4. Single-phase a-c high voltage systems (115; 200 v, and higher). 
5. Three-phase and one-phase a-c low voltage systems (47, 36, 27, 

and 12 v). 

Direct-current, low voltage and three-phase alternating-current, 
high voltage power supply systems being the most widely used in most 
power systems. In a secondary power system three- and one-phase a-c 
lines as well as low voltage d-c lines are usually employed. Direct- 
current, high voltage lines are seldom used today. 
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Fig. 1.1.  Circuit diagram of the feed and distribution systems. 
Key: 1. Distribution system, consumers-feeders; 2. Feed 

system, energy source feeders; 3. Generator; 4. Auto- 
matic starting relay; 5. Automatic control; 6. Central 
distribution system; 7. Distribution system; 8. Con- 
sumers-feeders; 9. Distribution system. 

With respect to the electric power transmission system, designs 

1. Single wire, 
2. Two-wire, 
3. Three-wire, 
4. Four-wire. 
With respect to electric power distribution they are: 
1. Centralized, 
2. Mixed, 
3. Decentralized, 
4. Separate. 
With respect to configuration they are: 
1. Disconnected (radial and main-line), 
2. Closed (radial, main-line, rectangular, and angul.ir). 
3. Combined. 

■ 

\ 
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With respect to protection they arc: 
1. Protected, 
2. Non-protected. 
With respect to their channels they are: 
1. Single channeled, 
2. Multi-channeled. 

The name of the electrical power system Is usually based on con- 
figuration, channels, protection, and purpose, or as the explaining 
elements, the type of current, voltage, transmlsslf a system, and dis- 
tribution system. 

For example: Angular, multi-channel protected feed-line of a direct 
current with a voltage of 27 v. 

2.  Principal Technical Demands to the Electrical Supply System. 

The general technical demands examined for electric power supply 
systems are applied to electric power lines. Let us not assume specific 
features of those demands and ways of meeting them. 

l.The electrical power supply system under normal and emergency con- 
ditions of operation of the aircraft should provide high reliability 
of electric power transmission from sources to consumers. 

2.When Individual energy sources fail, and wires are broken off or 
short-circuited, the supply system should retain its working capacity 
and transmit energy of satisfactory quality. 

3.The electrical power supply system should have a minimum flight 
weight and assure high quality of electric power transmission from the 
sources to the consumers. 

Let us e/amlne the principal ways of meeting the above mentioned 
demands. 

High Reliability, Fail Proof Work, and Vitality of the Electric 
Power Supply System may be reached by: 

- forming of several rings of the supply system, 1. e., creating 
a main electric power supply ring with primary, central distribution 
systems, and the secondary electric power supply ring with secondary 
distribution systems; 

- making multi-channel feed-lines in the main and secondary energy 
rings; 

- making two-sided protection for the electric power supply lines 
in the main and secondary energy rings; 

- selectivity of operation of the protective devices during short- 
circuits in the feed-lines, i.e., automatic disconnection of the damaged 
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line and attention of the working capacity of the remaining supply 
system; 

- selective operation of the protection during short-circuit in 
the distributing wires of the central distribution system and its 
distributing system, 1. e., automatic disconnection of the damaged bus- 
bars and retention of the working capacity of the remaining supply 
system; 

- stringing supply lines of the energy supply rings on two sides 
of the aircraft; 

- multilateral feed of the main energy ring. The number of power 
supply points should correspond to the number of energy sources; 

- automatic switching over of important consumers from the dis- 
tribution busbar which has been taken out of commission, to the one 
operating normally; 

- automatic switching over of important consumers to the emergency 
supply line when the principal feed-line has been taken out of com- 
mission; 

- assuring a minimum dispersion of voltages on the distribution 
busbars; 

- automatic and selective disconnection of the consumer from the 
distributing busbar during short-circuiting of its feeder and over- 
loads; 

- installation of the supply line of the shortest route with a 
minimum of connections and transmission resistances in the conducts; 

- an effective reduction of the flight-weight of the electrical 
supply system may be reached by: using a-c with a voltage of 200/115 
v, instead of d-c 27 v; 

- a single conductor power transmission system instead of a two- 
conductor one; 

- using aluminum wires instead of copper wires; 
- Improving the quality of insulation; 
- connecting high capacity consumers to the distributing devices 

lying near the energy sources; 
- correct selection of wires from conditions of heating and per- 

missible voltage loss. 

The quality of electrical energy depends on the selection of the 
energy sources, the transmission and distribution system, the con- 
figuration and protection of the power supply lines. The principal 
measures to be taken for increasing the quality of electric power 
supply are: 

- parallel work of all the energy sources for the main supply 
system; 

- multi-channel and angular configuration of the feed supply systems; 
- feeding the high capacity consumers from the distributing de- 

vices lying near the energy sources; 
- connecting the working windings of the voltage regulators to the 

central distributing system busbars; 
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- installation of the network over the shortest routes with a 
minimum amount of connections and transition resistances at the con- 
ducts; 

- selectivity and rapid operation of the protective devices. 

In order to combat parasitic magnetic and electrical fields, some 
wires and individual assemblies are shielded, electrical filters and 
dischargers are installed, individual elements of the aircraft's body 
are interconnected with metal, etc. 

3. Direct-Current Electric Power Transmission Systems. 

On aircrafts with d-c electric power systems two systems for trans- 
mitting electric power have been widely adopted, namely the one-con- 
ductor and two-conductor systems. 

In the One-Conductor Transmission System (fig. 1.2) only the plus 
wire is brought up to each source and consumer. The mecal body of 
the aircraft is used as the minus-conductor. In this case we have to 
bear in mind, that over the aircraft's body considerable current flows 
(thousands of A), therefore individual elements of its structure 
should have a reliable conduct. 

Advantages: 1. The body has a high conductivity and we may count 
voltage losses only in the plus-conductor. 

2. The weight of wires and power line devices in comparison with 
the two conductor systems, is reduced by up to 40%, while the dimen- 
sions of the power line devices are reduced to 15 - 20%. 

3. The assembly and operation of the power line is simplified con- 
siderably. 

Fig. 1.2.  Diagram of a single conductor direct-current 
electric transmission system. 

Short-comings: 1. Connection of any wire with the body is short- 
circuiting of the electrical system, and therefore the demands to the 
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electrical Insulation are Increased. 

2. If an extraneous plus becomes connected Into the consumer's 
circuit, the latter operates arbitrarily. 

The single-wire supply system has become widely used In all types 
of aircraft. 

in the two-conductor electric power transmission system (fig. 1.3) 
direct and inverse wires are connected to bus the source into the 
consumers. 

A protection and control equipment, as a rule, is installed on 
the plus circuits. The protection equipment in the minus circuits is 
provided only for units having an inverse conductor, connected with 
the mass. 

Advantages: L.When any wire is short-circuited on to the body 
the oyscem retains its normal working capacity and goes out of com- 
misF.ion only on simultaneous short-circuiting of two conductors on the 
body . 

2       Cipanmaa mum 

Fig. 1.3.  Diagram of the two- 
conductor d-c electric 
power transmission system. 

Key: 1. Direct busbar: 2. 
reverse busbar; 3. reverse 
conductor; 4. direct con- 
ductor. 

Fig. 1.4.  Failure of a radial 
feeder upon short-circuiting 
of the power electric mech- 
anism wire in a two-conductor 
system. 

2. Small hazard for the service personnel, because in such a net- 
work, touching even a bare wire is not dangerous. 

However, these two advantages are correct only for the two-wire 
systems in which the consumers (mainly radio-equipment), having a con- ' 

\ 
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nectlon between the Inverse conductor and the mass are absent. 

3. Small Interference level, because In principle the direct and 
Inverse conductors represent a bifllar conductor. 

Short-comings: 1. With identical voltage loss values in the two- 
wire system the wire cross-section is twice and the weight is four- 
times greater than in the single-conductor system. 

2. The presence in the two-conductor transmission system of con- 
sumers with diverse conductors grounded to the mass may result In ad- 
ditional emergency conditions (fig. 1.4 and 1.5). 

When a power mechanism is turned on the short-circuiting of its 
plus conductor to the mass (short-circuiting in point a, see fig. 
1.4) causes the flow of the short-circuit current to the minus con- 
ductor of the radio-equipment, which is grounded into the mass. 

The mass of the current is shown with the broken line. Since the con- 
ductors and the cutout of the electric power mechanism are cal- 
culated for a large current, then the wires of the mentioned radio- 
equipment are calculated for small currents, the short-circuiting 
first of all will result in ignition of insulation or burning out of 
the wires in the minus circuit of the radio-equipment. This makes it 
necessary to install cutouts in the minus wires of the conductors 
which are grounded. 

When the fuse burns out in the minus grounded circuit of the radio 
equipment with a simultaneous short-circuiting of the plus wire of 
the electric mechanism to the mass (short-circuiting in point b), the 
capacity of which is commensurable with the capacity of the radio- 
equipment, there will be a false operation of the electric mechanism, 
as it is shown In fig. 1.5. 

Fig. 1.5. False operation of the electric mechanism upon 
short-circuiting of its conductor in a two-con- 
ductor system. Key: 1. The fuse has burned out. 
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The two-conductor electric power transmission system had been 
exceptionally popular at the early stage of development of electrical 
equipment of aircraft, when the length of the electric power supply 
lines was not great, and the body of the aircraft was wooden or of a 
mixed construction. 

In individual cases the two-conductor system is used with a com- 
mon minus, into which the consumer's two-wires are also brought up: 
one from the plus busbar, and other from the combined minus wire. In 
the combined minus conductors, the currents of all the consumers con- 
nected to them nevev flow simultaneously, and the- ^ore, the cross- 
section of the combined conductor may be used smai.er than some of 
the cross-sections of all the separate minus condu tors of the con- 
sumers. The two-conductor supply systems with a c -mbined reverse con- 
ductor is the logical conversion from the convent onal  two-conductor 
system to the single-conductor system. 

In modern aircraft the two-conductor transmission system is used 
only in individual sectors of the power lines, where it is impossible 
to assure reliable contact between the minus wires and the aircraft's 
body. This pertains mainly to the electrical units located on the 
engine. The minus wire in this case is brought up to the fire-proof 
partition. 

With a single conductor system of electric power transmission the 
especially important consumers may be controlled over a two-conductor 
system, which practically excludes the possibility of false operation. 

In pilot less aircraft, in order to increase the vitality and re- 
liability of electrical systems it is also advisable to use two-con- 
ductor •lectric power transmission systems. 

4. Alternating-Current Electric Power Transmission Systems. 

On aircraft with a-c electric power systems, the electric power 
transmission systems, and especially their operations, are determined 
by the number of phases and are represented by the single-phase and 
three-phase transmission systems. 

Single-Phase Alternating-Current Transmission Systems. 

A single-phase alternating-current is transmitted by two-systems: 
the one-conductor and the two-conductor system, which possess the ad- 
vantages and short-comings noted in paragraph 3. 
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Three-Phase AlcernaCltiR-Current Transmission Systems. 

The three-phase a-c electrical energy depending on the type of 
generator and the specific features of operation of the aircraft, may 
be transmitted by the following systems: the two-conductor, with 
grounding of one-phase; the three-conductor, with grounding of the 
power neutral; and the four-conductor systems. 

The two-condcutor transmission system is possible If the source 
of electric energy is a three-phase generator without ü  power zero 
let out. In this case the body of the aircraft is used as the third 
conductor (fig. 1.6). 

Fig. 1.6. The diagram of the two-conductor 
system of three-phase a-c trans- 
mission with grounding of one phase. 

Advantages: Reduction of the weight of transmission lines to the 
use of the body of the aircraft as the third conductor. 

Short-comings: 1. Because of the low resistance of the aircraft's 
body there is asymmetry of linear voltages in the consumers, which In- 
creases with the increase of distance of the corsuner from the energy 
source. 

2. With the same linear voltage in the two-wire system, the volt- 
age between the body and the linear conductor Is »3 times greater 
than in the grounding by the cern-conductor, which Increases the dangers 
of shock. 

3. When one of the line conductors Is broken, a part of the single 
phase consumers becomes connected in series, which results In abnor- 
mal conditions of their work, while the three-phase consuaers receive 
single phase feed. 

The Three-Conductor Transmission Syste« Is used In svsteas were 
the source of electric energy is a three-phase a-c generator with In- 
sulated neutral lines (fig. 1.7). 

Three-phase coosuaers are supplied over a chree-conduccor SVSCSM, 
the aingle-phase consumers use the two-conductor systea. 

Ü 
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AdvantageB: 1. With symmctrlcallv distributed single-phase loads 

the asymmetry of line voltages with practically absent. 
2. The probability of appearance of short-circuits through the 

body of the aircraft, is decreased. 
3. The Insulation of the neutral prevents leaks of current har- 

monics which are multiples of three. 

Fig. 1.7. Diagram of the three conductor three-phase 
a-c transmission system with Insulated power 
neutral. 

Short-comings: 1. When one of the wires is connected to the mass 
(a hidden short-circuit): 

a) the danger of contact with wires of the other phases Increases; 
b) the potential diagrams change In the electronic equipment, 

supplied with power from the section with the closed phase, which may 
cause disruption of the work of the equipment; 

c) an over-voltage forms on the filters' condensers; 
d) It is required to raise the rated amplitude voltage of the 

equipment's insulation to 58S v. 
2. A potfntial danger of short-circuiting through the body is cre- 

ated. 
3. Rapid warnings and discovery of short-circuits to the mass is 

not provided for consumers which are turned on only In flight. 
4. To feed single-phase consumers with a voltage of IIS v. It Is 

required to Install a large number of small transformers. 
3. To connect single-phase consumers, a two-fold switching equipment 

is required, because with connections through single-fold equipment, 
wrong starting is possible. 

6. Uhen there Is an Inequality of resistances of single-phase con- 
sumers, connected In a star-pattern, the rise of phase voltage at in- 
dividual ones among them is possible. 

« 

\ 
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The Three-Conductor< Transmission System with a Grounded Power 
Neutral Is possible, If the electric power source Is a three-phase 
synchronous generator with a power zero let-out. The body of the 
aircraft Is used as the zero conductor (fig. 1.8). 

Three-phase consumers are supplied over the three-condcutor cir- 
cuit, and for consumers which have a let-out zero, the body of the 
aircraft Is used as a false conductor. 

O 

Fig. 1.8. Diagram with a three-conductor system of 
a three-phase alternating curre-t trans- 
mission with a grounded power neutral. 

Advantages: 1. With three-phase loads and symmetrical distribution 
of single-phase loads over the phases the line voltage asymmetry Is 
practically absent. 

2. The presence of two working voltages ^f and ^i ■ "^3  f assures 
the possibility of connecting single-phase consumers on the line and 
phase voltage of the generators without transformers. 

3. Reliability Increases and the weight of the wires decreases some- 
what In connection with the four conductor system. 

4. The work of the automatic protective devices of the generators 
Is simplified. 

5. The vitality of the electric system is increased, since three- 
phase electric motors upon damage to one or two conductors may operate 
for a short time as two-phase and as a single-phase motors. 

Short-comings: 1. Poor shape of the phase voltage curve, caused 
by the third harmonic In voltage. In modern generators the short-coming 
la practically eliminated. 

2. Closing of any line wire to the mass causes short-circuiting. 

The three-phase system with a grounded power neutral has a number 
of advantages over the other systems of transmission and distribution 
and Is recomaended for use In aircraft as the principal system. 
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Fig.  1.9.    Diagram of a four-conductor system for a three- 
phase a-c transmission. 

The four-conductor transmission system is possible if the source 
of electrical energy is a three-phase synchronous generator with a 
let-out power zero  (fig.  1.9). 

Advantages:  The system possesses the merits marked in paragraphs 
1 and 2, 4 and 5,  of the three-conductor system with the grounded 
power neutral,  and in paragraph 2, for the three-conductor system. 

Short-comings:  The system possesses the shortcomings narked In 
paragraphs 1,  2,  and 3,  and 3 for the three-conductor systems. 

5.  Electric  Power Distribution Systems. 

Depending on the purpose and dimensions of the aircraft four 
electric power distribution systems are used: centralized, mixed 
decentralized,  and separated. 

The principles of the systems' work differ,  consequently,  the 
quality of electric power supply and the methods of calculations at« 
different. 

The above mentioned systems extend in an equal degree to the 
systems of electric power supply with direct and alternating current. 
The first three systems provide for a parallel connection of the 
energy sources,  and attained wide popularity  in the initial electric 
power supply systems. 

On an aircraft we can use all the four distribution systems simul- 
taneously. 
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The  Centralized Electric  Power Distribution System   (fig.   1.10),   Is 
characterized by  the  fact  that  the energy  from the  feed  sources  is 
delivered to a single central  distributing system  (CDS)  and then 
from the CDS-busbars  It  Is distributed between the   Individual con- 
sumers. 

The protection of energy  sources and consumers'   feeders,  control 
and  regulation of  energy sources,  are concentrated  In the CDS,  which 
Is  located In the  immediate proximity from the crew.  The consumer 
control equipment,  as a rule.   Is located on the corresponding functional 
boards and panels. 

Advantages:   1.  When individual energy  sources go  out of commission, 
the  consumers continue to  receive normal  feed  from the  power reserves 
of the generators. 
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Fig.   1.1C      Centralized system of electric power distribution. 
Key;   1.  Generator;   2.  storage batteries;   3.   auto- 
matic  starting  relay;  4.  central distributing system; 
5.  consumes'   feeders;  6.  sources;   7.  consumers. 

2. The voltage at  the CDS-busbar is maintained constant within  the 
limits of accuracy of  the voltage   regulator work,  their working wind- 
ings are connected directly  to  the CDS-busbars. 

3. The feeders of all  the  consumers have a potential,  equal to  the 
potential of the CDS-busbars,   and consequently,   the voltage at  the 
consumers'   terminals  is determined only by  the change  in the current 
consumed by the given unit. 

4. With the corresponding  selection of  the  feeder wire cross- 
section for various consumers,  at  the unit  terminals,  we can obtain 
any  required voltage,  optimum  for the given unit. 
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5. Convenience in operation, checking, and finding faults in the 
electrical system. 

Short-comings: 1. Low vitality of the electric power system, since 
upon short-circuiting at the CDS-busbar all the consumers lose their 
feed. 

2. Unwieldy CDS, because in it, the protective equipment for all 
the energy sources and consumers' feeders is concentrated as well a" 
the control and regulation equipment for the electric power sourcet 

3. The great weight of the electrical system due to considerable 
length of the feeders of the energy sources and consumers. 

The centralized electric general distribution system became used 
most extensively in light aircraft. Upon the increase of the number 
of sources and consumers the centralized distribution system becomes 
unwieldy and heavy. However, it can be successfully used in secondary 
electric power supply systems, providing a differentiated high quality 
electric power supply to the consumers. 
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Fig. 1.11. Mixed electric power distribution system. 
Key: 1. Distributing system; 2. central distributing 

system; 3. consumers' feeders; 4. sources; 5. con- 
sumers; 6. point of connection of the working- 
winding of the voltage regulator; 7. automatic 
starting relay; 8. storage batteries. 

With a Mixed Electric Energy Distribution System all the energy 
from the feed sources is delivered to a central distributing system 
(CDS), then from the CDS-busbar a part of the energy is distributed 
directly to the power consumers, and another part is delivered to the 
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grouped distributing systems (DS) from which the other consumers re- 
ceive their feed. 

In fig. 1.11 we portray the simplified diagram of the mixed electric 
power distribution system. In order to reduce the weight of the con- 
ductors it is advisable to place the CDS at the shortest distance from 
the energy sources and power consumers, and place the group distrib- 
ution systems ut  spots, where the consumers and the control panels in 
the crew's cabins are concentrated. 

The protection of the energy source feeders and certain consumers 
Is concentrated in the CDS, the protective devices of the feeders of 
the other consumers are concentrated at the corresponding DS. The reg- 
ulation and control of the energy sources is performed from the DS 
which is in the crew's cabins. 

Advantages: 1. The mixed system possesses merits, marked in para- 
graphs 1, 2, 3, and 4, for the centralized system, paragraphs 3 and 
4 pertaining only to consumers receiving power supply from the CDS- 
busbars. 

2. The vitality of the feed system is increased in comparison with 
the centralized distribution system, because with the correct selection 
of the system's configuration and its protection, short-circuits in 
the feeder or on the DS busbar deprive of current only the given DS, re- 
taining the integrity of the remaining part of the power system. 

3. The design of the distributing devices is simplified, because 
of the decentralization of the protective and switching equipment. 

4. In connection with the approach of the CDS to the sources and 
their power consumers, and of the DS to the consumers, the weight of 
the electric lines decreases, its installation and operation is simpli- 
fied. 

Short-comings: 1. Insufficient vitality of the power system, since 
upon a short-circuit at the CDS-busbar all the consumers lose their 
feed. 

2. Loss of an invariable voltage of the energy sources(on the CDS 
busbar),the voltage at the DS-busbars does not remain constant but 
changes in relation to the number and capacity of consumers, which 
are connected simultaneously to the given DS, which uses the quality 
of the electric power supply, in comparison with the consumers re- 
ceiving feed from the CDS. 

3. The voltage at all the DS differs. It has a large fluctuation 
range in comparison with the voltage at the CDS, therefore, in working 
out the basic electric power systems for the consumers, we cannot 
permit connection of the busbars through the consumers' circuits. 
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The mixed system of electric power distribution Is used In 
medium aircraft, having a small number and capacity of energy 
sources, a limited number of high power consumers, a moderate 
quantity of low power consumers, and a sufficiently branching 
electrical line system. 

In order to Increase the reliability we resort to sectioning 
of the DS-busbars and use multi-channel feed conductors with 
selective protection. 

With a decentralized electric power distribution system 
(fig. 1.12), the feed sources deliver energy accordingly to the 
nearest CDS. From the CDS the energy is delivered to the nearest 
consumers, and DS located in the crew's cabins, which supply feed 
mainly to non-power consumers and to the DS, installed In the 
places of group location of consumers. 

In order to increase the reliability of the electric power system 
all the CDS are connected between one another as a result of which 
the feed system is closed in many places. 

Advantages: 1. The decentralized distribution system possesses 
all the merits marked for the mixed system. 

2. The presence of several CDS increases substantially the re- 
liability of power supply when the feed lines are broken, or during 
several types of short-circuits on the busbars. 

3. The reliability of feed for the DS-busbars increases, because 
it is possible to divide them into sections and to supply with power 
from a different CDS. 

4. It is possible to use a ring-shaped power line with selective 
protection, which raises the reliability of the electric power supply. 

Short-comings:  1. The decentralized distribution system possesses 
the short-comings noted in paragraphs 2 and 3 for the mixed system. 

The decentralized electric power supply system has beocme widely 
used in all kinds and types of aircraft, especially in medium and 
heavy nircraft. 

The divided elctric power distribution system (autonomous) is 
characterized by the fact that each source serves only its own group 
of consumers. 

The divided system is used in cases when the parallel work of 
electric energy sources is impossible because of their unequal electrical 
parameters, for example, the different tolerances with respect to volt- '■' \ 
age or frequency with the same rated values. \ 

The divided electric energy distribution system includes elements 
of centralized or mixed systems. 
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Flg. 1.12.  The decentralized electric power distribution system. 
Key: 1. Point of connection of the operating coll of 
the voltage regulator; 2. sources; 3. consumers. 

The absence of parallel work of energy sources does not permit a 
rational utilization of the available power, impedes the starting of 
powerful consumers, and Increases the fluctuations in the voltage in 
the network when they are turned on. 

When the energy source goes out of commission, the entire group 
of consumers lose their power supply. 

The divided distribution system is used in the primary and sec- 
ondary power supply systems. It is entirely unavoidable in a-c power 
supply systems with unstable frequency, and possible as the operational 
variation in systems with alternating current of a stabilized 
frequency when the generators go out of synchronism, and also for in- 
dependent work of generators during take-off and landing in order to 
Increase the reliability of power supply to duplicated consume is. More- 
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over, the divided distribution system is used extensively in sec- 
ondary power systems, the energy sources of which are electric machine 

«.     or static transformers of direct current into alternating with a 
( } stabilized frequency or alternating current into direct current. 

6.  Power Supply System Lay-Out. 

The lay-out (a geometry) of the power supply lines is the principal 
factor in assuring reliability and uninterrupted work In the supply 
of power to the consumers, determines the quality of the electric 
power supply, the selectivity in operation of the protective devices, 
and the vitality and weight of the system. The lay-out is the basis 
for naming the power supply system. 

With respect to the lay-out the power supply systems are divided 
into three types: the open, closed, and combined. Each type of the 
power supply system may have different ways of transmission and dis- 
tribution of electric energy, different numbers of channels, and dif- 
ferent protective devices for the feed lines. 

Let us examine the merits and short-comings of the principal types 
of lay-outs applicable to d-c power supply systems, since all the 
principal premises apply entirely to the a-c power supply systems. 

Open Power Supply Systems. 

In the open power supply systems the electrical energy is delivered 
to the distributing busbars in only one direction. They may be re- 
presented by the two principal types: radial and main line. 

Radial Feed Lines. In fl^. 1.13 a, we show a normal radial single- 
channel feed line. 

Advantages: 1. It is easy to calculate and to select the protective 
equipment, which operate selectively during short-circuits and over- 
loads. 

2. It is simple to install and operate. 
3. It has a minimum wire weight, since the DS may be placed at a 

location where the consumers are concentrated. 

Short-comings: 1. The voltage on the busbar of the secondary DS 
changes in relation to the number and capacity of the consumers, con- 
nected simultaneously to the given DS. 

2. When there is a short-circuit at the CDS busbar the entire 
electric power system goes out of commission. 

3. When the DS supply line is broken or short-circuited, the con- 
sumers connected to this busbar are deprived of electric energy. 
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Fig. 1.13.  Disconnected radial supply systems. 

The disconnected radial single-channel supply system has become 
widely used, however, due to the low reliability and vitality is 
not recommended for future aircrafts. 

In fig. 1.13 b, we present the divided radial single-channel 
supply system with automatic feed lines reservation. 

Advantages: 1. The system possesses the merits marked for the 
divided radial single-channel supply system. 

2. When the principal feed line'is broken or there is a metal shoiL 
circuit, the reserve line is automatically switched on, providing un- 
interrupted supply to the consumers. 

Short-comings: 1. The system possesses the short-comings, marked 
in paragraphs 1, 2, and 3 (in particular short-circuits on the bus- 
bar) for the divided radial single-channel supply system. 

2. With alternating short-circuits at the main line, the con- 
tactor is not switched over, since the voltage in the line in this case 
remains relatively high (19 - 23 v). 

3. During a short-circuit in the distributing wire of the DS the 
contact goes into the "bell"-operating condition. 

.4. The weight of the conductor doubles in comparison with the 
single-channel system. 

In fig. 1.13 c, 
supply system. 

we present the disconnected radial multi-channel 
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Flg. 1.14. Divided main-line feed systems. 

Advantages: 1. The network possesses merits noted for the open 
radial single-channel supply system. 

2. The use of Independent supply systems numbering not less than 
three, and having a bllaterlal protection. Increases substantially 
the reliability of DS power supply during short-circuits or breaks 
of conductors without Increasing the weight of the conductors In com- 
parison with the single-channel network. 

The system possesses the short-coming, marked In paragraph 1 for 
the open radial single-channel feed system. 

Main-line Feed Systems. In the open main-line feed systems the 
distribution of busbars are connected In series, and the electric 
energy Is delivered to them from one side only. The typical systems 
are presented in fig. 1.14. 

The systems possess the advantages noted for the corresponding 
systems of the open radial supply system. 

Short-comings: 1. The systems have the same short-comings as the 
similar radial ones. 

2. The voltage at the busbars of the secondary and supplementary 
distributing systems (DS) changes in relation to the number and capa- 
city of consumers, which are connected simultaneously to these dis- 
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tribuClng devices, Che fluctuation:! in the volcage increasing with 
each busbar connected In series. 

3. Upon a break or short-circuit of the intermediate lines, there 
is in all the next distributing busbars deprivation of current. 

4. With a large number of adjacent sectors it is difficult to 
provide for the selectivity of operation of protective devices by 
means of fuses or thermal protective automatic devices, since for 
selectivity it is necessary to have a stepwlse increase of the time 
lag of the protective devices, from the end of the line to Its 
start, when the short-circuit currents flow through them. For re- 
liability of operation of protective devices it is necessary, that 
the rated currents of the protective equipment of the adjacent sectors 
would differ by not less than one and one-half times. With a greater 
number of adjacent sectors protection becomes too coarse and its re- 
liable action in the main sectors is not assured. This situation is 
intensified in a high power electric power system, because of the 
peculiar external characteristics of the generators, where the short- 
circuit current in the system decreases upon the approach of the short- 
circuiting point to the beginning of the line. 

Closed Power Supply Systems. 

Closed power supply systems are such in which the distribution de- 
' vice busbars receive feed from several independent energy sources from 
different sites, at least from two sites. 

By the independent energy source we understand such sources in 
which the working conditions disrupted or resulted in damage to one Of 
them (for example short circuit at the busbars of one CDS) does not 
cause the others to go out of commission. 

The closed power supply systems may be divided into four principal 
types: radial, main-line, grill-work, and ring-shaped. 

Merits: 1. With the symmetrical distribution of loads of the bus- 
bars under normal operating conditions of the network, the decentralizing 
current in the middle link Is absent. Symmetrical DS busbars, in this 
case will be under identical voltage and the correspond^r-> sectors of 
the system between the CDS and DS may be calculated for a fully per- 
missible voltage loss. 

2. The systems possess the merits, noted in the corresponding 
divisions for the divided radial feed systems. 

3. The systems in comparison with the divided systems have a high 
reliability and vitality when there are breaks and short-circuits in 
the feed lines and DS-busbars. 

4. When there Is a short-circuit at the CDS-busbar, only part of 
the power system goes out of commission, ceasing the power supply to 
the corresponding consumers. 
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Fig. 1.15.  Closed radial supply systems. 

Radial Supply Systems (fig. 1.15) possess the merits marked in 
paragraphs 1 through 4. Special interest is represented by the closed 
radial two-channel supply system shown in fig. 1.15, c*. 

The network retains the normal power supply for the DS-busbars 
when there is a short-circuit in any supply line, which is assured by 
the selctlve operation of the protective devices. 

G) 

Fig. 1.16. Closed main-line supply systems. 

Main-line Power Supply Systems (fig. 1.16) possess the merits 
marked in paragraphs 1 through 4, however in these systems it is dif- 
ficult to assure a selective operation of the protective devices when 
there are short-circuits in the line or the distributing busbars, 
while the series connection of the DS-busbars decreases their reli- 

* Proposed by the author. 
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ability in comparison with the radial ones. The use of multi-channel 
independent supply lines numbering no less than three, with bilateral 
protection, increases somewhat the reliability of DS-power supply 
without increasing the conductor weight in comparison with the single- 
channel system. 

Ring-Type Supply Systems represent multiple closed networks with 
the presence of several parallel connected electric power supply 
sources (fig. 1.17). 

Fig. 1.17. Ring-shaped power supply system. 

Such systems possess a high vitality and provide uninterrupted 
power supply to the consumers, when individual feed-lines are broken, 
in as much as the busbars of the distributing devices receive feed 
from several directions. 

However, with such a complex lay-out of the feed systems, it is 
practically impossible to select correct protection. 

Let us examine this with a concrete example (fig. 1.17). Let us 
assume that there is a short-circuit in the section a) and b) only 
the protective devices a) and b) should operate, and this may occur 
when these apparatuses have the minimum time of operation with respect 
to all the other protective devices of the network. Including equip- 
ment c) and d). But only in these cases will the devices a) and b) 
operate and disconnect the damaged sector a) and b) before all the 
other protective devices of the network will operate, and the entire 
remaining system will continue normal work. If however, there is a 
short-circuit at sector cd, then obviously, in order to disconnect 
this sector under the condition that the entire remair.lng network 
would continue normally, we should have the minimum time for oper- 
ation of devices c)and d) and this is contrary tc the selection of 

C. 

-  112 - 



the protective equipment proceeding from the conditions of the pre- 
ceding emergency conditions at the ab sector. 

Because of the above, the protection of such feed systems is in- 
effective and results only in a reduction of their reliability. 

Such systems are used without protective equipment, but they re- 
present considerable fire-hazards during short-circuits. 

Ring-Type Supply Systems. In ring-type supply systems the energy 
is.  delivered to the distribution busbars from a minimum of two sites 
from independent energy sources, and each line of the system has 
protective devices on two sides. The standard ring-type diagrams of 
supply systems with selective protection*, as shown in fig. 1.18, has 
all the merits of the systems for other lay-outs and have a number of 
advantages over them. , 

In fip. 1.18, a, we show a ring-type three-channel supply system 
in which the energy is delivered over three-channels to the primary 
distributing busbars, and over two channels to the secondary. 

Merits: 1. When any one source of energy goes out of commission 
or any wire is torn, all the consumers receive normal feed. 

2. The DS-busbars possess a high reliability of electric power 
supply through sectioning and supply from various CDS. 

3. The system makes it possible to place the distributing systems 
near the concentration of the consumers. 

4. The initial distribution busbars have a stable voltage, de- 
pendent only on the accuracy of the work of voltage regulators. 

5. With a symmetrical distribution of loads on the the bushbars, Che 
colliding current between the CDS and in the middle link of the DS 
Is absent. 

6. When there is a short-circuit In any wire the bilateral protective 
device operates, isolating the one wire from the system. 

7. When there is a short-circuit on the CDS busbar, only one-half 
of the distributing busbars is deprived of current, whereas when there 
is a short-circuit on the DS busbar only that busbar which has the 
short-circuit is deprived of the current. 

Short-comings: 1. Great difficulties in selecting the protection, 
which would provide for a selective and rapid operation when there 
Is a short-circuit. 

2. Insufficiently rapid action of the protective devices when 
there is a short-circuit on the CDS busbars. 

*Proposed by the author in 1950. 
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In fig. 1.18, b, we show the ring-shaped five-channel feed system, 
which has a main and a secondary power ring. The number of the latter 
Is determined by the number of concentrated groups of consumers. The 
energy to the primary distributing busbars Is delivered over five 
channels and to the secondary busbars over three channels. 

The principal condition for a confident selective operation of 
the protective devices when there is a short-circuit in the feed lines 
of the distributing busbars is the presence of not less than three 
channels with a bilateral protection of each. The Increase of the 
number of channels improves the selectivity and raises the speed of 
the protection's action. 

The selectivity of operation of protective devices during a 
short-circuit in the wires or distributing busbars of the secondary 
•nergy ring is provided for by the corresponding selection of the 
rated values of the protection taking into account the following re- 
lationship: 

l! - 12 - I3 - U - I < I5. 

Il + Ij - I2 + U - 21 > I5. 

where  Ii<Ii«    -    ar« Che rated protection currents.  Practically,   I. 

is «elected equal  to  1.2   :  LSI. 

Merits:   1.  The system possesses the merits noted   in paragraphs 
1  through 3 for  the  ring-shaped  three-channel  feed  system. 

2. The selectively operated protection d   /ices are easily cal- 
culated and chosen. 

3. When there  is a short-circuit  in any  line of  the  feed  system 
the bilateral protective device operates through the air-rise of 
the current  in it,   in comparison with the others. 

4. When there  is a   short-circuit In any busbar of  the DS or CDS 
the corresponding protective device operates and the  busbar  is  isol- 
ated  from the system.  When  there  is a short-circuit  at  the DS-busbars 
the  first  to operate  is the   15 protective device,  and  then the rest 
are applicable to it. 

5. In comparison with system a)   (through the  increase of number 
of  channels and decrease of  the  rated value of the protective system) 
a selectivity and rapidity of action of its operation during short- 
circuits  increases. 

The short-coming of  the  system is the relatively  slow action during 
short-circuits at  the CDS busbars,  however,  upon the  increase of the 
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Fig. 1.18.  Ring-Shaped Feed Systems: 
a - three-channel; b - five-channel; 
c - six-channel. 

- 115 - 



number of sources the speed of the action increases. 

In fig. 1.18, c, we give the ring-shaped six-channel feed system 
having a main (two-channel) and secondary energy rings. 

The energy is delivered to the primary distributing busbars 
over six channels, and over three channels to the secondary. 

The system attains all the merits marked for the ring-shaped 
five-channel feed system, and moreover, has a more rapid action and 
wider selectivity of operation of the protective devices for shoit- 
clrcuits in the main-ring lines and at the CDS-busbars. This is at- 
tained in the first case through the increase in the number of chan- 
nels of the main-ring and the reduction of the rated value of the 
protection, and in the second case due to a three-fold Increase of 
the current in the lines, which reach the damaged busbars in com- 
parison with the others. 

In this way the multi-channel ring-shaped feed systems with sel- 
ective protection practically retain their vitality up to the last 
source of energy with multiple short-circuits and breaks of the feed- 
line. They (especially diagram c) possess an absolute reliability and 
vitality in comparison with the other lay-outs of feed systems and 
assure uninterrupted energy supplied to consumers. These systems 
should be the basis in the development of all types of power supply 
•yst« 

Combined Feed Systems. 

The combined feed systems consist of all types of combinations 
of various types of closed and open feed systems. 

The distributing devices, including elements of the closed feed- 
system, receive power supply from several Independent energy sources 
on several sides, and the distributing systems, including elements 
of open feed systems, receive feed from a single direction. The 
number of different combinations of such feed systems is very large 
and it does not appear possible to examine all of them. Let us ex- 
amine the first of the typical systems of the combined supply system, 
as presented in fig. 1.19, from which we can see the principal merits 
and short-comings of such feed systems. 

In these systems the busbars of the primary distributing systems 
(CDS) are interconnected by two-channel feed lines with a bilateral 
selective protection and for the primary (main) two-channel energy 
ring, which possesses high reliability of power supply during multiple 
short-circuits in the feed lines or on the busbars of the distributing 
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Fig. 1.19. The Combined Feed System. 

devices, end also when individual sources of energy go out of com- 
mission. 

The wires of the secondary distributing system DS21 are supplied 
with feed according to the system of the secondary three-channel ring 
and possess, as noted above, high reliability. 

The busbar of the secondary distributing system DS14 is fed ac- 
cording to the system of the open one-channel radial system. 

The busbar of DS12 is fed according to the system of the open 
radial single-channel feed system, with a reservation of the feed line. 

The busbar of the DSU is fed according to the system of the open 
radial three-channel feed system. 

The busbars of the secondary distributing system DS42 and DS44 
are fed according to the system of the open main-line single-channel 
feed system. 
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The busbars of DS31 and DS33 are fed according to the system of 
the open main-line three-channel feed system. 

Ab we can see from the examination of the typical system of com- 
bined feed system, its individual units possess the properties of 
the corresponding feed systems, which have been examined in greater 
detail earlier. 

The character of all manner of combinations forming various types. 
Is determined by the purpose of the aircraft and the role of one 
distributing system to another, in providing the reliability of power 
supply for the consumer and the flight-safety proceeding therefrom. 

The elements of the closed ring-feeder system with selective 
protection, have a dominating significmce and determine the principal 
merits of the combined feed systems. 

The elements of the open feed-systems for secondary consumers 
should be introduced with a limit, and only with a definite pre- 
dominance with respect to weight and selectivity of operation of their 
protective devices. 

Chapter 2. Protection of the Electrical Systems of Aircraft. 

1. The Purpose, The Principal Requirements, and Classification of 
Protection of the Power Systems. 

When aircrafts are in operation, damage is possible to the power 
system, power sources, consumers, and equipment, causing short-circuit 
and overloads of the equipments' elements. 

In modern aircrafts the short-circuit currents reach several thou- 
sands of amperes, and when they last for a sufficient length of time 
they may cause ignition of insulation, welding of the currt.it-carrying 
elements with the body of the aircraft, destruction of individual 
structural units and equipment. This may result in putting-out of com- 
mission Individual types of electrical equipment. 

The overload of individual elements of electrical equipment re- 
sults in the same consequences as those caused by short-circuits. 

The protection of the electrical system on an aircraft is intended 
for preventing serious consequences, which may result in short-cir- 
cuits and overloads, and therefore should possess reliability, select- 
ivity, rapid action, simplicity, and minimum dimensions and weight. 

Reliability of operation of protective devices depends on their 
sensitivity, which is determined by the r-tio of the current with a 
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metallic short-circuit in the protective zone, and the current  for 
operating the protective device.  The greater the sensitivity of the 
proctective device,  the more reliable is its operation under em- 
ergency conditions.  The protection should not result  in falre dis- 
connection of the protected sector,   i.  e.,  should not react  to causes 
which do not produce emergency conditions in the systen, and at  the 
same time should operate reliably under emergency conditions.  The 
faults  in the protection equipment  itself should not result in false 
disconnection of a system operating in good order. 

Selectivity of the action of the protective syster. provides for 
disconnection of only the damaged sector,  retaining the vitality of 
the rest of the power system.   In order to assure selectiv4ty of  the 
action,   the sequence in operation of the protective devices,  con- 
nected  into the system in series,  should be such,  that  first  the ap- 
paratus would operate, which is located in the immediate proximity 
of the loaction of the short-circuit,  and then (in closed fields) the 
next protective elements would operate which possess a time-lack ac- 
cording to the ascending line from the consumer to the  source. 

The above mentioned sequence of operation of the protective de- 
vices of the system is attained by the  corresponding selection of 
their second characteristics. 

The time-lag   of the protective system excludes the possibility 
of  Us operation during the action of brief atarting currents, which 
may exceed appreciably the rated currents in the protected sector 
of the  system. 

The rapid-action of the protective system decreases the effect of 
short-circuits on the work of the consumers, retains the quality of 
the electric energy, reduces the sise of damage, occurring during brief 
short-circuits, retains the stability of the work and the vitality of 
the power supply system. 

In order to decrease the effect of the damaged sectors on those 
in gcod order, the protective system should react instantaneously, 
especially during short-circuits in the generator feeders and in the 
main sectors of the feed system. 

The simplicity, minimum dimensions and weight of the protective 
equipment make it possible to arrange it in the most rational places, 
raise its working reliability and also simplify its operation. 

The problem of simultaneous satisfaction of all the above mentioned 
properties is the most difficult one in planning the power system 
lines. 
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Protection of feed systems, generators and their feeders from 
short-circuits according to the principle of their action is divided 
into three main-groups: 1. current protection reacting to the value 
of the current in the circuit-protect, operates when the current in 
the circuit-protect exceeds established values and operates without 
delay (current cut-off) or with a time delay (maximum current pro- 
tection). 

2. The differential current protection, based on the principle 
of comparison of currents at the beginning and end of the protected 
sector of the system (longitudinal protection) or in two parallel 
lines with identical parameters (lateral protection). The protection 
of this group operates without time-lags practically instantaneously 
as soon as the difference between the compared currents exceeds the 
previously established value. 

The differential-current protection of d-c feed systems, in spite 
of rapid action, has not become practically useful because of a 
series of short-comings: complication of design, increase of weight, 
appearance of additional wires and conducts, presence of dead zones, 
necessity of an outside source of energy (in the longitudinal pro- 
tection systems), and additional maximum-current protection [10]. 

3. The minimum of voltage protection, operating with a time-lag 
upon the degrees of the voltage in the terminals of the generators 
up to a certain prescribed value. 

2. Maximum-Current Protection of D-C Systems. 

The maximum-current protection apparatuses Include fuses and bi- 
metallic automatic devices of all types. To these and the time-lag 
free cut-outs of the SB and BV type, high-melting fuses of TB type 
time-lag fuses of the IB type, and bi-metal automatic devices of the 
AZS and AZR type are used. 

The most Important parameter of the maximum-current protection is 
the value of the critical current to which the given type of protect- 
ive device can be subjected to an infinitely long time under specific 
external conditions. Thus, for example, under normal atmospheric con- 
ditions and surrounding temperature of + 20°C, the fuses have the 
following approximate values of critical currents: 

SB - Icr - (1.2 - 1.4) Irated 

BV - Icr - (1.2 - 1.25) Irated 

TB - Icr - (1.4 - 1.57) Irated 

IB - Icr - (1.25 - 1.75) Irated . 
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The effectiveness of Che action of the maximum-current protection 
equipment is determined most precisely by their second characteristic, 
which represent the Interdependence of the operating time of the 
equipment on the value of current flowing through it. 

The number of the second characteristics enable us to determine 
the necessary speed of action in turning-off short-circuit currents, 
the required sensitivity to overload currents, and the required time 
lag during starting currents and brief load-changes. 

Fuses of the type BV and SB have a dependent number-second 
characteristics, 1. e., the time of their burning out depends on the 
value of the current flowing through them. The greatest difference In 
number-second characteristics of various fuses is observed in the 
small current region. Thus, with the same current, the operating time 
is always greater in the fuse with a greater rated current value. 
This property is used for assuring selective work under small short- 
circuit currents or overloads. With large currents the number-second 
characteristics of fuses merge and the selectivity of their operation 
is not assured. 

The fuses of the BV type have little time lag, the SB type fuses 
possess greater time lag. However, both types fall to provide pro- 
tection to consumers with large starting currents. 

Fuses are simple, have small dimensions, avi  posses» sufficient 
rapidity of action. Their principal short-coming is the absence of 
actual selectivity during large currents and individual control of the 
state. 

In order to assure selective operation of fuses, their character- 
istics should be identical, while the transient resistances between 
the fuse-link and holder are minimal and stable. The fuses should have 
a luminous or mechanical signal system, indicating that they are burned 
out. 

High-melting fuses of the TB type have a small time-lag, are used 
for protection of power circuits with small starting currents. 

Time-lag fuses of the IB type possess considerable tine-delay, 
which is attained by the special design. 

In fi;. 2.1 we give the ampere-second characteristic of the time- 
lag fuse. Sector 1 responds to the relatively small currents, char- 
acterizes the inertlal part of the fuse, and determines in principle 
the time constant for heating the massive copper-plate. Sector 2 cor- 
responds to greater currents, during which the brass fuse-links burn 
out. Because of this, the inertial fuses are installed in the clr- 
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cults of consumers with large starting currents. 

Among the short-comings of the fuses are: dependence of oper- 
ating time on the surrounding temperature and state of the contacts, 
their single time affection, which prevents the checking of their 
characteristics In the process of operation, the variations la 
ampere-second characteristics of the result of ageing of the material, 
and the difficulty of visual evaluation of the fuse operation. 

O 

Fig.  2.1.    Ampere-Second Characteristics 
of a Time-Lag  Fuse. 
Irated " consumer's current;   Isc 

- short-circuit current; t£ - 

operating time of  the fuse. 

Bi-metallic automatic protection devices with respect  to their 
kinetic diagram are divided Into two types:  AZS and AZR.  The prin- 
ciple of operation of the automatic devices  is based on the sag of 
the bi-metallic elements during heating. The bi-metallic element con- 
sists of two metal-plates welded together, which have different  tem- 
perature linear expansion coefficients. 

The AZS type automatic protective devices do not have a free dis- 
connection of the control parts and the contact system,  the auto- 
matic devices are turned on manually or automatically,  permit  force- 
ful attention of the protected circuit  in the switched-on state  in- 
dependently of the value of current passing through the automatic de- 
vice. The forceful attention is sometimes used for assuring operation 
of Important consumers;  armaments,  communications, chassis,  etc.  The 
AZS are Installed In the circuits which are outside of fire-hazardous 
sectors and may be used as switches. 

The protective automatic devices of the AZR type with a free dis- 
connection of  the control units and contact systems are also auto- 
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matic  devices which are  turned on manually or automat Icallv and are 
switched off manual.lv.  The distinction from the AZS automatic de- 
vice after operation,  the  AZR automatic device cannot  be turned on 
manually and the circuit  cannot be closed until  the M-metallic 
plate cools. The AZR in comparison with AZS has a  better ampere second 
characteristics and greater disconnection power.   In the AZR the cir- 
cuit  is broken in two points which assures better  src-distlnguishing 
conditions. 

In fig.  2.2 we show an ampere-second characteristics of   the cooled 
(curve 1) and preliminary heated with current   (curve 2) protective 
automatic device. Curves  1 and 2 have the same asymptotes.  The oper- 
ating time of the automatic protective devices just as that of the 
fuses,  depends on the surrounding temperature. 

The principal advantages of the automatic devices  in comparison 
with the fuses are: 

The presence of regulating elements, making it possible to obtain 
the required steepness of  the ampere-second characteristics; 

the possibility of rating the ampere-second characteristic before 
installing the automitic device on the aircraft  in the process of 
operation; 

simplitity of switching on and off of the circuit; 
possibility of visual observation of the state of the automatic 

device in the process of operation; 
the considerably greater thermal inertia  (excluding the IB type 

fuses). 

The maximum-current devices are used for protection of all the 
consumers and the power supply system feeders.   In this case because 
of the large multiplicities of the short-circuit currents with respect 
to the rated value,  the protective device assures a sufficiently 
rapid action and selectivity. 

Fig.  2.2. Ampere-Second Characteristics of  the Protective 
Automatic Device:cooled   (1) and preliminary heated 
through  (2). 
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The maximum-cuirent protective devices are selected in such a 
way as to use to  the maximum thermal possibilities of the ob- 
jects protected, i.e., that should break the circuit only when the 
temperature of the object's elements reaches a maximum permissible 
value. In the ideal case, the ampere-second characteristics of the 
protection device should coincide with the thermal characteristic 
of the object protected. In this position of characteristics, the 
protective device is selected according to the rated current of the 
object protected. 

However, in actual practice the characteristics coincide not in 
the entire range, because of which the protection of the consumers' 
circuits from a short-circuit and overloads is selected according 
to the rated current of the consumers, taking into account the char- 
acter of their work. 

protection " K ' ^ated' 

where Iprotection " i8 t*ie rate<* protection current; 

K > I - is the reserve coefficient; 
Irated ~ *s the rated current of the consumer. 

If the consumer's current, under all conditions of its work, does 
not exceed the rated current, the protective device is selected for 
the next greatest current in comparison with the rated current. In 
this case the reserve coefficient approaches a unity, and for protection 
we cap use visible, high-melting, and inertli protective devices, or 
bl-metallic automatic devices. 

If the consumers under certain operating conditions use current 
which exceeds the nominal current, the protection is selected taking 
these conditions into account.' 

For d-c electric motors the starting currents reach the three- to 
eight-fold value of the rated. However, taking into account the brief 
character of the starting currents, the inertia-free protection should 

be selected under conditions of Iprotection^ Ö.7 Igtarting* The in~ 

ertla-free fuses, naturally, do not protect electric motors from over- 
loads. 

The most rational protection for such consumers are inertia fuses 
and bi-metalllc automatic devices. In this case protection should be 
selected in such a way that its amper--second characteristics would 
be lower than the ampere-second characteristics of the consumers or 
would approach them. 
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The maximum-current equipment protects mainly the power eupnly 

system and only partially protects the consumers from overloads.   In 
as much as for the consumers.  It Is not the value of the current,  tut 
the heating of the Insulation that Is Important;  It Is most advis- 
able to protect them first of all by means of equipment built Into 
the most heated part thereof. 

During brief short-circuits In Individual parts of the supply 
system,  the protective  device should disconnect  the damaged sector, 
retaining the vitality of  the power system. 

The protection of the feed system should not react to brief short- 
circuits In the distribution system. This Is reached by using a 
selectively active protection, the rated current of which for appa- 
ratuses   connected  In series  Is Increased along the ascending line, 
from the consumers to the energy sources.  However,  the use of a 
selectively active protection results In certain delay In the process 
of disconnection of a short-circuit In the head-sector of the feed 
system. 

In actual practice the protective equipment of a supply system Is 
selected according to the total current of simultaneously operating 
consumers and consequently a current for Its operation Is considerably 
higher than the current  for the operation of the protection of any of 
the consumers, which protects automatically the selectivity of the 
system's protection. 

Under large third circuit currents,  the operating time of the 
protective device becomes very small, and all the ampere-second char- 
acteristics will converge Into the axis of the abscissa.  Because of 
this, false operation of the protective devices is possible, the 
probability of which Increases   through the non-stability of the char- 
acteristics of the protective devices, especially of fuses. Moreover, 
the protection of the feeder system does not react precisely to inter- 
mittent short-circuits. 

The selection of the  rational system,  geometry,  and parameters 
of the maximum-current protection of the feed system in almost all 
the cases makes it possible to obtain the required selectivity,  rapid 
action, and minimum disconnection timt of the short-circuited sector 
from the part of the power supply system which operates In good order. 

The maximum-current protection thanks to the simplicity, suf- 
ficient rapid action, and reliability.  Is today the principal type of 
protection for the power supply systems in aircraft. 
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Fig.  2.3.    Graph of the Ampere-Second Characteristics of 
the Maximum-Current Protection of the Power 
Supply System. 
Key:   1. Operating time in seconds;  2. Load- 

current  in amperes. 
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In flg. 2.3, we give the ampere-second characteristics of various 

apparatuses of the maximum-current protection of the power supply 
system, according to which we determine its rated current and the 
rapidity of action in relation to the value of the current flowing 
through it. 

MXOM wco :oot 
i S et* 

Fig. 2.4. Curve of the Coordination of the Ampere-Second 
Characteristics of the Wires and the Maximum- 
Current Protection. 
Key: 1. Current power in amperes; 2. Operation 

time in seconds. 

In fig. 2.4 we show the curve of coordination of the ampere- 
second characteristics of the conductors and the maximum-current 
protection, which makes it possible to determine the cross-sections 
of the conductors in relation to the protective equipments selected. 
For this purpose we used a graph given in fig. 2.5. 
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Flg. 2.5. Graph of Coordination of Protection and Wires 
of the BPVL with tocrit - from - 60 to + SO'C. 
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3. The Maximum-Current Protection of Alternating-Current Systems. 

|^ In the aircraft power supply system with an alternating-current 
for the protection of single-phase and three-phase feed and distrib- 
ution systems we may use fuses and bi-metallic automatic cut-offs, used 
for the protection of the direct-current systems.  However,  the single 
circuit protection in three-phase systems should be used only for 
multi-channel sectors of the feeder-lines from the CDS.., DS, and the 
three-phase consumers,  in which the emergency situation does not arise 
upon operation of the protective device in a single phase. 

For a-c single-phase protective automatic devices with a voltage 
of 27,  115, and 200 v, and three-phase with 200 v, are provided;  the 
latter break open all three phases when one phase is overloaded. 
Multiplications of three-phase automatic protective devices have been 
developed which react to both the current overloads and the phase in 
breaks.   Such automatic devices are necessary for protecting three- 
phase motors,  starting of which» with a broken phase results in over- 
heating. These automatic protective devices are equipped with remote 
control from the a-c system or from the operative d-c system. 

The use of automatic devices for protecting d-c power supply systems 
is limited by the breaking capacity of their contacts. However,  taking 
into account the considerable reduction of short-circuit current-value 
and improvement of switching conditions in the a-c circuits in com- 
parison with d-c circuits, we should expect an extensive application 
of protective automatic devices in a-c systems.    Nevertheless,   it is 
necessary to improve further the designs of the protective automatic 
devices,  in order to simplify them,   increase the stability of the para- 
meters, decrease the transient resistances,  and increase the breaking 
capacity of the^npr.racts. 

*  B   C\ C  B   * 

UM 

Fig. 2.6. Diagram of Protection of the Three-Phase A-C 
Power Supply System. 
Key: 1, 2, 3, channel. 
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The maximum-current protection system has no auxiliary working 
elements (relays and conductors), auxiliary wires, etc. The maximum- 
current protection is simple, of small size and convenient calibration, 
possesses the necessary speed of action and high reliability. 

In fig. 2.6 we give a diagram of the protection of the three- 
phase a-c supply system by fuses, or bl-metallic automatic'devices 
(conventional and with current cut-off). Each phase is'laid into 
three parallel lines, having a bilateral protective system. The three 
lines provide selective operation of the bilateral protective system 
during short-circuits between phases and of individual phases on the 
body (if the neutral is grounded),after which the line with the short- 
circuit is isolated from the system. 

The splitting of each phase into three channels and combination 
of three phases in each cable, reduces noises in radio equipment from 
the a-c system and when one cable is damaged the symmetry is re- 
tained in all three phases. 

In the three-channel feed system with a bilateral protection of 
each channel we can use fuses, single-phase and three-phase automatic 
devices. 

O 

4.  Differential Protection of A-C Power Supply Systems. 

The longitudinal differential protection of an a-c system with 
circulating currents in a single line portrayal is presented in fig. 
2.7. At the beginning and at the end of the protected circuit, cur- 
rent transformers TT are installed, the secondary windings of which 
are accumulatively connected. The current transformers are intended 
for isolating the secondary windings from the primary current system 
and decreasing the current in the protective device circuits. 

-m- 

Fig.   2.7.     Longitudinal Differential A-C Protection with a Circul- 
ating Current. 
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In the auxiliary wires, which connect the secondary windings of 
the current transformers, currents circulate which are equal to the 
secondary currents of the current transformers. Under normal working 
conditions and during a short circuit outside the protected sector 
(point a) the secondary currents add up. In this case in the winding 
of relay P, which is connected in parallel to the secondary windings 
of the transformers, the current is close to zero. During a short- 
circuit in the protective zone (point b) the phase of the current in 
one of the current transformers changes by 180* (during bilateral 
feed) or one of the initial currents becomes equal to zero (with a 
unilateral feed). In this case in the relay winding P, a current 
appears, the relay operates, and removes the conductors Ki and K2 
from the cages. The damaged sector of the system is switched off. A 
break or short-circuit in the auxiliary wire may result in a false 
operation of the protective devices. For this reason this protective 
system did not become practically used in aircraft. 

-^,T% 

f-Qrflf-<s$ 

Fig. 2.8 Longitudinal Differential Protection of A-C Systems 
with Balanced Voltages. 

The longitudinal differential protection of an a-c system with 
balanced voltages in a single line portrayal is presented in fig. 2.8. 
A secondary transformer windings are included in counter-current and 
in series with the relay winding P. Under normal operating conditions 
or during a short-circuit outside the protective zone (point a) sec- 
ondary voltages of the current transformer balances each other out 
(E 1 = E2) and the current in the relay winding is close to zero. During 
a short-circuit in the zone covered by the protective device (point b) 
the balance of the secondary voltage is disrupted (E^ £2),  and in 
the relay winding the current appears. The relay operates and dis- 
connects the system's protected sector. A break of the auxiliary con- 
ductors does not result in a false operation of the protective device. 

< 

The common fault of the above mentioned protective devices is 
the necessity of stringing auxiliary wires along the protected sector 
of the line and the presence of an operating d-c system. 
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Lateral differential a-c system protection In single line por- 
trayal Is presented In fig. 2.9. Each phase is split into two paral- 
lel sectors. On both ends of the sectors protected the current trans- 
formers are connected. During normal work and external short-circuits 
the secondary current transformers are added up (in circulating cur- 
rent systems), the current in the relay windings P is zero and the 
protection device does not operate. 

O 

rSryrinS^ 

Fig. 2.9. Lateral Differential A-C System Protection. 

When one circuit is shorted out in the zone covered by the protective 
device, the equality of currents in the transformer windings is dis- 
rupted and in the windings of relay P a current appears, the relay 
operates and releases the cages. The conductors disconnect the damaged 
sector from the system on two sides, as a result of which dead zones 
are excluded. 

The principal short-comings of this protection in comparison with 
the lateral protection are its bulklness and the increased non-balanced 
current. 

A non-balanced current in the lateral differential protection systems 
may have greater values than in longitudinal protection systems, which 
is explained by the presence, in addition to the non-balanced current, 
caused by errors in the current transformer, of an additional non- 
balanced current component, which is determined by the inequality of 
the parallel lines' resistance. 

The lateral differential protection system is sufficiently sen- 
sitive. In distinction from the longitudinal system, it reacts not to 
the full current of the short-circuit at the place of damage, but to 
the current difference. The sensitivity of lateral protective devices 
is reduced because of the unequal resistance of the parallel lines. 
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The reliability of lateral differential protective systems is 

higher than that of the longitudinal because of the absence c' aux- 
iliary conductors. 

The selection of current for the operation of differential pro- 
tection system is determined by the following: 

1. A protection should operate reliable when there is a short- 
clroult in the protected zone. This signifies that the protection 
operation current Ip0 should be equal or smaller than the minimum 

short-circuit current in the protected zone. Usually for a reliable 
operation of the protective device it is assumed that 

Ipo - (0.6 - 1.3)I8.c.min. 

The minimum short-circuit current is obtained during a unilateral 
feed of the protected sector of the system from a single generator. 

2. The protective devices should not operate during external 
short-circuits and normal working conditions. This signifies, that 
the relay operating current should be greater than the so-called 
non-balanced currents ln^, which flow through the relay under the 

above mentioned contions and are caused by dissimilar characteristics 
of the current transformers: 

[r.o > ^b max* 

The non-balanced current proves, the greater, the greater is the 
current of the external short-circuit. 

The role of the transient conduct resistances in the total re- 
sistance of the line is smaller than in the direct-current circuits, 
which simplifies the tune-up of the protective devices and makes it 
possible to raise its sensitivity. 

5. Differential Protection of Three-Phase Systems with some Meters. 

As it has already been noted in order to protect the three-phase 
system which has a regular and bilateral supply, from the viewpoint of 
selectivity and rapid action, the differential protection principle 
is used, based on the comparison of currents (or voltages proportional 
to them) passing through the protected sector. 
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The comparison of the currents in each of the phases separately, 
complicates protection, because of the larger number of transformers,       _^ 
therefore It Is advisable to transform the three-phase current or fj 
voltage Into a single-phase with Its subsequent comparison. 

The three-phase current can be transformed into one-phase cur- 
rent by filters of the symmetrical components or summators (the 
latter are simpler and therefore are more widely used). This meter 
Is a current transformer, which adds up the magneto-multiforce 
of one of several phases. 

In order to protect the a-c three-phase system with a grounded 
neutral, summators are used. In which the wires of one phase pass 
through the summator's window In the opposite direction, the wires 
of the second phase In the direct direction, and those of the third 
phase twice Into the straight direction (see fig. 2.11). 

When the summators are made Identical, the vector diagram of the 
resulting currents of their primary windings during normal work, are 
Identical. Here, the electro-mult If orces Induce by the flow of the 
corresponding currents of the primary windings are Identical, while 
the resulting electro-multlforce of the counter-current connection 
of the secondary windings is equal to zero, and the current in the 
circuit of the relay P is absent. 

The vector diagram of the summator's currents during normal oper- 
ation and the equality of currents in all the three phases is pres- 
ented in fig. 2.10, a. 

Upon the examination of the short-circuits, we disregard the load 
currents and consider, that the current has a purely inductive 
nature and consequently it lags behind the corresponding electro- 
multiforces by 90'. 

In fig. 2.10, b, we present the vector diagram of the resulting 
primary current in the summator with single-phase short-circuit of 
the phases A, B, C. In fig. 2.10, c, that of the two-phase short- 
circuits of phases A and B, B and C, A and C, and in fig. 2.10, d, 
that of the three-phase short-circuit of phases A, B, C, for the net- 
work with the a-c generator with independent excitation. 

The vector diagrams indicate, that depending on the type of the 
short-circuit, the resulting points of the summator differ (see Table 
2.1). 

From the table it follows, that the lowest sensitivity is possessed 
by the protective device at the summators, when there is a short-cir- 
cuit of the phases B and C, therefore such a short-circuit is used as 
the basis for calculating such a protective device. 
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Fig. 2.10. Vector Diagram« of th« Sunoator's Currents during Dif- 
ferent Types of Short-Circuits. 

To protect the systems with an Insulated neutral, we use analogous 
summators, however, one phase Is not Introduced Into the window, the 
two others are passed through the window In opposite directions. 

Three types of protection sre possible on the s 
Inal, lateral, and lateral-longitudinal. 

tors: longltud- 

The longitudinal differential protection of the system la based 
on a comparison of the vslues of currents or voltages at the output 
of the sunmators. Installed at the ends of the sector protected (fig. 
2.11). in the absence of damage In the zone protected, the sunmary 
voltage In the closed circuit, consisting of summator windings con- 
nected In series, connecting wires, and rectifiers supplying the wind- 
ing of the relay P, Is equal to sero. During a short-circuit at the 
sector protected, the voltage balance la disrupted, a current passes 
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2. Approximate value of the resultant current of the suwnator. 
3. Single-phase short-circuit of phase A, B, and C. 
4. Two-phase short-circuit of phases A and B, A and C, B and C. 
5. Three-phase short circuit. 
6. Rated (5lrated, 7lrated, etc). 
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Fig.   2.11.  Longitudinal Differential System Protection 
with Summators having a balanced Voltage. 
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through the relay and the line is turned off from both »nds. The 
switching off of the conductor is signaled by reeans of the plug- 
contact which closes when it is switched off. In order to discon- 
nect a line, when damage is present, a conductor with a latch is 
used, and not a conductor with a d-c retention winding. The latch 
eliminates the possibility of a false disconnection of the con- 
ductor upon the loss of feed caused by a break or other damage to 
the protection system. 

O 

In order to avoid false switching off the operational current 
of relay P should be greater than the current, which «ay originate 
under normal conditions,   if the auxiliary connecting wires will 
contact one another. The tune-up of the protective device according 
to the lowered current, does not preserve it against non-selective 
action upon exterior short-circuit which is the principal short- 
coming of  this type of protective device. 

The lateral differential system protection (fig.  2.12),  the 
split conductors of the phases of the line protected pass through 
the sunmator window in such a way,  that a voltage is induced into 
the winding,  proportional to the difference of the currents In the 
phase*  conductors. 

In the absence of damage in the protected sine,  the voltage in- 
duced into the summator's winding is equal to sero. Upon a short- 
circuit at the sector protected,  the balance of magnetic currents 
is disrupted, and under the action of voltage produced, the relay 
disconnects the conductors on both ends of the line. 

Fig.  2.12.  Lateral Differential Pro- 
tection of a Network with Sunma- 
tors  (simplified diagram). 

Fig. 2.13. Lateral-Longitudinal 
Differential Protection of a 
System with Summators having 
imbalanced Voltages. 
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Short-comings of Che protective device lie in the possibility 
of false disconnection of the sector protected, which has a break 
in one of its split conductors, upon an external short-circuit. 
The smaller the length of the sector protected, the greater the non- 
balanced current during a external short-circuit going all the way 
through, caused by the inequalities of the resistances of the tran- 
sient contacts. 

The lateral-longitudinal protection of a system eliminates the 
short-comings of the longitudinal and lateral differential pro- 
tective systems. A variation of the circuit diagram is presented in 
fig. 2.13. The substantial specific feature of the system is the 
fact, that the voltage at its out-put and the feed relay is absent 
when the connecting wires are damaged or any of the split conductors 
Is broken. 

The voltage at the summator out-put does not depend on the 
state of the connecting conductors and is practically equal to zero 
In the absence of short-circuits or breaks in the contacted sector 
of the system. Upon a break of one of the split conductors the 
voltages originating at the output of the sumnators, are balanced by 
the connecting wires. 

The absence of false operation during short-circuits of second- 
ary conductors makes it possible to use aircraft-body as a second- 
ary auxiliary conductor. 

Chapter 3. Calculation of Electrical Systems of Aircraft. 

1.  Specific Features of Calculation of Electrical Systems. 

The electrical system is formed and calculated at all the stages 
of planning (draft, technical and blueprint) and construction of the 
experimental model. At the draft planning stage mainly a number of 
various variations of lay-outs of the feed system is calculated to 
obtain the maximum reliability and minimum weight, while the calcula- 
tions of the distributing system are carried out during work plan- 
ning, and refined in the process of construction and testing of the 
aircraft. 

On the basis of technical parameters and data on the mutual pos- 
ition of the sources and consumers of electric energy, the places 
for Installation of distributing systems and panels are outlined, 
and also for laying grounds for the power lines, indicating the length, 
cross-section and resistances of wires, value of the transient re- 
sistances of contact-connections and protective devices. The cross- 
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sections of the wires are determined in accordance with the norms 
for the permissible rating thereof, and the minimum permissible 
voltages of all the energy sources and consumers under normal and 
emergency operating conditions. 

The calculations of the electrical systems are subdivided into 
three types: Thermal - for the permissible load taking into account 
the altitude and velocity of the flight and the surrounding tem- 
perature. 

Electrical - for current distribution, permissible voltage losses 
under the normal conditions and short-circuit currents during em- 
ergency conditions. 

Spatial - for the advantageous operational current intensities 
and voltage losses, a minimum flight weight of the system, taking 
into account the parallel work of the generators. During the cal- 
culation we should take into account the number of factors: 

1. Working conditions - long, brief, and repeated-brief. 
2. Wire-stringing conditions - single and bunched, open and 

boxed conduits. 
3. Conditions of the surrounding medium, location (for example 

on the aircraft engine), velocity and altitude of flight. 
A. Cooling conditions - natural or forced air-cooling. 
5. The material of the current conducting wires - copper or 

aluminum. 
6. Conductor installations - vinyl, vinylflex, fiberglass, teflon, 

etc., which permit various heating temperatures. 
7. Coordination of the highest current load of the wires with a 

type of protection: fuses, inertlal, bl-metallic, differential, and 
other variarlons. 

8. The heating from the stable and the shock currents of the short- 
circuit. 

9. Voltage losses under rated, starting, and emergency conditions. 
10. Parallel work of generators. 
11. Power losses in the network. 

When the conductors are calculated for the permissible load, their 
cross-sect Inn is determined, during which the heating temperature does 
not exceed the temperature permitted according to the norms for Che 
type selected. From the conditions of the mechanical strength, the 
minimum cross-section of the wire is selected 0.35 an2. 

In calculating the conductors for a permissible loss of voltage 
the minimum cross-sections of the wires is determined during which 
the rated work of the electric power consumers is assured under the 
rated, starting, and emergency operating conditions. The initial con- 
ditions in calculating the system for voltage loss are minimum volt- 
age of energy sources, precision of the voltage regulator work, strength 
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of the powerllne, resistance of the trans-lent conducts and minimum 
permissible voltage at the consumers' terminals. 

In order to carry out the calculation of the network for the l ~ \ 
permissible loads and voltage stress, one has to know the current- 
distribution in the individual circuits of the aircraft's power 
system, under the possible operating working conditions of the 
sources and the consumers of electric power, including the emer- 
gency conditions also. 

In the feed systems of simple lay-outs the current distribution 
among the busbars is easily found. 

The problem of calculation of complex closed electrical systems 
generally is indefinite, because of the difficulties of finding the 
current distribution for the individual sectors of the closed feed 
systems. 

Such a system is calculated by the method of consecutive ap- 
proximations, that is, at first the cross sections of individual 
sectors of the power supply electric circuit is prescribed and the 
current distributions are determined. Thereupon on the basis of the 
current distributions found proceeding from the perr'ssibie losses 
of voltage, the cross-sections of the wires are determined. If the 
cross-sections found are near those previously selected, then the 
calculations end here. But if there are discrepancies, then it is 
necessary to prescribe new wire cross-sections and the entire cal- 
culation should be carried out anew. 

In this way the calculations of complex power supply systems are 
carried out approximately and checked finally and adjusted according 
Co the results of tests on the testing stands of the entire electric 
power system, with actual length, cross-sections, and conductor lay- 
out, transient conducts, energy sources, and their principal con- 
sumers. During such tests the cross sections of the conductors are 
rendered more precise, as are the types and the rated protection 
paraaeters. 

Experience indicates, that with correct selection of the supply 
system lay-out and protection in the process of planning, practical- 
ly after the tests on the testing stands, only the Individual fuses 
are rendered more precise, taking into account the selectivity of 
operation. However, the stand tests are necessary and useful for 
checking the continuity of electric power supply of the consumers 
under the conditions of emergency situations, which are possible 
during the operation of the aircraft. 

The calculation of emergency conditions for the power supply 
system is complex, labor consuming, and reflects the actual reality 
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very closely, because It cannot take Into account all the factors 
therefore it is carried out tentatively and with a minimum loss of 
time. The principal emergency conditions are checked during ground 
tests on a full scale testing stand. 

• 

2. Quality and Permissible Voltage Losses in the System. 

The value and stability of voltages at the consumers' terminals 
as one of the principal factors of reliability, should be within the 
permissible limits under all operating conditions. 

The deviations of voltages at the consumers' terminals from the 
normal value depend on the accuracy of the work and the point of 
connection of the voltage regulator and the voltage losses in the 
the feed and distributing network, which in their turn depend on the 
system of distribution of electrical energy. 

As the rated voltage of the d-c generators we use the voltage 
equal to 28.$ v, which corresponds to the voltage at the point of 
connection of the operating coil of the voltage regulator, and changes 
in type depending on the rate of revolution of the generator, load 
on the system, and other factors: 

AUg - Ug „.x - Ug Bin. 

Carbon regulator without an attachment for preclne regulation in 
the majority of cases assure the operating range of generator voltages 
of 28.5 + 1.2 v, 1. e.,AUg - 29.7 - 27.3 - 2.4 v. 

As the rated voltage at the consumers' terminals we use the volt- 
age equal to 27 v, with a permissible deviation of + 10X, that is, 

AUpermiss.cons.- 29-7 - 24.3 - 2.7 »2 - 5.4 v. 

The losses in the system are determined as 

AU, - AUp,rm.c.- AUg - 5.4 - 2.4 - 3 v. 

Evidently, the voltage losses In the system without harm to the 
quality of the power supply may be Increased by raising the work ac- 
curacy of the voltage regulator. If the voltage regulator maintains 
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a voltage with a precision of +0.5 v, the permissible voltage 
losses In the system amount to 

AU8 - 5.4 - 1.0 - 4.4 

which accordingly assures the degrees of the systems* weight. When 
the former value of AU8 - 3 v Is retained, the Increase In the 
voltage regulator's work accuracy makes It possible to raise the 
quality of electric power supply: 

AUperm.c. - AUg + Aüg - 1 + 3 - 4 v. 

that Is the voltage deviation at the consumers' terminals will be 
+ 2 v or + 7.4X, which will have a telling effect on the improve- 
ment of the equipments' work, especially of the radio-engineering 
type of equipment. 

In fig. 3.1 we show the regions of the possible voltages at the 
busbars of the distributing devices and the terminals of the con- 
sumers with the voltage regulator work-accuracy of AUg - 2.4 v, and 
in various electric power distributions system. Rrom the curve it 
follows that: 

1. In all the electric power distribution systems the voltages 
at the central distribution system, busbars, voltage regulator work 
precision, its operating coils are connected directly to the CES 
busbars. Consumers connected with these busbars within the limits 
of the working zone, can obtain the rated voltage. Since the voltage 
losses In the feed system are compensated by the voltage regulator, 
and the losses in the consumers' feeder depend only on the power 
consumed by it, then, if this power Is constant, the selection of 
the conductor cross-section may assure the rated voltage of this 
consumer. 

2. In a mixed and decentralized electric power distribution 
systems, at all the distributing busbars of the AZS the voltage 
fluctuation depends on both the accuracy of the voltage regulator's 
work and the number of the simultaneously connected consumers for 
all the busbars, therefore the quality of the consumers feed from 
these busbars Is worse than from the primary busbars. In this way, 
the voltage at the consumers' terminals connected to these busbars 
depends on the accuracy of the voltage regulator's work, the volt- 
age losses In the feed system and In the consumer's feeder. 

3. When the voltage regulator winding Is connected directly to 
the plus terminal of the generators, the voltage on th« CDS busbars 
will also change In relation to the quantity and capacity of the .on- 
sumers switched on. 
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Flg. 3.1. Graph of the Distribution of the Permissible Voltage 
Loss in the Power Supply and Distribution Systems. 

3. Calculation of the Cross-Sections of Conductors for the Per- 
missible Loads and their Voltage Losses. 

The calculation of the conductors for the permissible loads 
(heating) presents considerable difficulties, since the same wire 
may encounter different environmental conditions, and therefore. 
In actual practice instead of calculating the cross-section of the 
conductors is selected according to the permissible load tables, 
which are formed on the basis of the results of experimental in- 
vestigations under conditions which are close to operating conditions. 

For a long work regime the wire cross-sections are selected in 
accordance with the Inequality 

^ermiss. > ^x» 

where Ipemlss*  " ii t,,e Perml88lble current of the wire taken frc 
the table; 

IMX - is the highest current of the conductors'   load. 
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In Table 3.1 we give the norms of the permissible loads to 
the BPVL grade conductors. 

For a brief and repeated-brief working regime with the same 
permissible heating temperature the load on the conductor may be 
considered appreciably greater than Is determined In relation to 
the time of the work according to special groups (fig. 3.2). 

Copper and aluminum conductors are used In aircraft. With the 
same current loads and the voltage losses and use of aluminum wires 
Instead of copper wires cuts the weight of the system In half [10]. 
The specific heat of aluminum Is three times greater than that of 
copper, which makes It possible to permit a greater load on the 
aluminum wires under brief and repeated-brief conditions. 

O 
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Fig. 3.2. Graph of the Haxlaum Overload Characteristics of 
freely suspended BPVL Wires at a Temperature of ♦ 
20* C in Ground Conditions. 

Kay: 1. Current power in amperes; 2. working time 
In seconds. 
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Table 3.1:  Permissible Load Standards for Conductors of the BPVL 
and BPVLE Grades. 
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BPVL and BPVLE. 7. Ipermiss.* single wire, a. 
BPG and BPGE. 8. Ipermiss.» bunched wire, a. 
Conductor cross-section, on2 

Outer diameters, an. 
Crlculated weight, kg/km. 
Active resistance, ohms/km 

w.~»».w^ ^.w— —vw*w«, — .    9  Brief overloadt mln> ^. 

Outer diameter., M. 10 Active regUtance ohms/km.       VJ 
Celculated weight, kg/to.       ^ Ig ^ „.„^actured. 

In comparison with copper wires, aluminum conductors have the 
following shortcomings: greater cross-section, rapid oxidation re- 
sulting in the increase of resistance between conducts, one-half 
as large time resistance to rupture and a greater degree of mech- 
anical strength-loss during heating. 

The aluminum wires are used i<i power circuits of the feed systems, 
where they are very advantageous with respect to the weight of the 
system. 

In calculating the electric power systems according to the per- 
missible voltage loads, two concepts are introduced - the drop and 
loss of voltage. The voltage drop is the geometrical difference of 
the voltages at the beginning and end of the line, and voltage loss 
is their algebraic difference. For the direct-current these two con- 
cepts coincide. The value of the voltage loss in a d-c line is de- 
termined by the sum of voltage drops in all the resistances (R) 
through which current (7) flows: 

n 

&U - I • [ Rk. 
k-1 

With the same value of the power and voltage transmitted,  the 
current  in the a-c system is        1        greater than the current  in the 

cos ^ 
direct-current system, therefore,  the calculation of the a-c system 
should be carried out proceeding from the four  (apparent) current. 

The voltage loss in the a-c line is determined by the expression 

AU -  I(R  •  cos * + X  •  sin *)  -  IaR ■•■ IpX, 

where    I    -    Is the full current; 
R and '. ■ wL   -    are the active and reactive resistances of the 

line. 
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The inductivity for the two-conductor line 

|» L - I 0.92 lg £ ♦ 0.1  1   •  lO'3 H/k«, 

where A - is the distance between the conductors; 
r - is the wire radius. 

For the single conductor line, instead of A we take the double 
distance of the wires from the aircraft-body. 

The inductivity of a single phase of a three-phase line is ex- 
pressed as 

L • 10.46 lg -S2-»- O.OjJ- 10~3 H/k». 

The mean geometrical distance between the conductors 

ACp -  7 Ai   «Aj   ^3, 

where Aj, Aj. A3   - are the distances between the corresponding 
phase conductors. 

During approximate calculations of the network,  the reactive re- 
sistance of the conductors to alternating-current  is assumed to be 
equal to   (1  < 2)  •  10-3 ohw/m. 

Transient resistances of contacts have a substantial effect on 
the voltage losses in the system. This is especially felt when the 
large section wire and the body of the aircraft are used as one of 
the conductors. The exact estimation of the transient resistant is 
difficult, therefore in calculating the approximate, we adopt the 
values given in table 3.2. 

In calculating the system,  it  is common practice to draw the 
diagram in a one-line portrayal.  For the two-line transmission system. 
In order to take into account the resistance of the diverse wires, 
the length of the line calculated should be doubled.  With a one-line 
diagram the resistance of the reverse wire (aircraft body) may be 
diaregarded. 

The calculation of the system is started with a preliminary de- 
termination of the current distribution of the noted points.  The 
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Table  3.2:  Transient Resistance Values 

1) Tun KOHT.iKTiioro 
coe.iiiiicmii 

UciHHNita   ncpc- 
xo.tnoro  conpo- 
..    THBJCMIIN 
2) OM- 

_. • BO.ITOBOC     coc- 
5/,iiiHeHiie 

LLlTcnceAbiioc 
6)coeaiiHciiHe 

KonraKTu   KPH- 
7)TaKTOpOB 

flv    KOHTIKTU   peje 
O'll   BblK.llOHJTe.ieU 

 (  

(0.5—1.0)10-3 

(0.15-2.5)10-» 

(0.32—C.M)10-> 

(3.0-15.Ö) 10-» 

Tun Koiir.iKTiioro 
.  OtC.tllHCHHI 

IkMlfllllU     licpc- 
xo.iHnro  conpo- 

■ IIH.K'IIMM 

 ■—^-J  

9) AHTOM.ITU     sa- 
lUNTW 

initiicnuMdiinue 
lYpcioxpaHMTeJM 

llX.vronjaBKiie 
npcjioxpaHNTeM 

12)ljjBKiie upeao- 
xpSHIITOJN 

1. Type of conduct connection. 
2. Value of transient resistance, ohms. 
3. Type of conduct connection. 
4. Value of transient resistance, ohms. 
5. Bolt connections. 
6. Plug connections. 
7. Conductor contacts. 
8. Relay and Switch-contact. 
9. Automatic protective devices. 

10. Inertial cut-offs. 
11. High-melting fuses. 
12. Fuses. 

(0.9-52.7) I0-J 

(0.15-1.4)10-» 

(0.«i3-fl.34) 10-» 

(1.2-2«) 10-» 

system is conventionally reduced to a radial system with concentrated 
loads over the distributing busbars. Further, according to the known 
values of currents I, wirclength 1 and permissible voltage drops 
AUpermiss. the  wire cross-sections S are determined for each sector of 
the system. 

For the direct-current 

S - 
II 

YAUpermiss. ' 

where  AU'pCrmig8 - is the calculated permissible voltage loss in 
the conductor; 

I - is the load current; 

AU'permiss " AUp,rmiS8 - Al^ , 

where  AUperml88 - is the total permissible voltage loss of the 
systems' sector calculated; 
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o 
AUfc - is the voltage loss in the transient conducts of the 

system. 

For alternating current with a small length of the powerline 
the inductive resistance may be disregarded. Then we shall have: 

217 
S ■  ■■,, cos * - for single phase current; yAU'perm. T »      r 

S -    ■ ,1    ■   '   cos * - for three-phase current, where I is 
YAU perm. ,. r

k . r the apparent current. 

From the formulas it is obvious,  that in the transmission of 
the same power in the single-phase a-c system,   the total voltage 
loss is equal to the double voltage loss in the single wire, and in 
the three-phase current system with the uniform load, it is only 
1.73 times greater than the voltage loss in a single wire. This is 
explained by the fact that with a uniform load of the three-phases 
the current  in the zero-wire is absent. With a nonuniform load of 
the three-phase system in the zero-wire a current will flow, hut 
the voltage loss in it may be disregarded,  since the body of the 
aircraft serves as the zero conductor. 

If In the calculation we have to take Into account the inductive 
resistance of  the conductor,  then AU*  erm is assumed to be decreased 
by the volume of the voltage loss in    the active resistance, 1. e., 
by the value of I-X. 

If we replace the current power I by its value 

1 ■ T,    "     A    ~ for single phase current; u cos  ♦ -«•       r 

P 
I ■ /Tn COB A    "    for three-phase current, 

and express AU in percent of U,  i.  e.. 

AU - eU 
100  ' 

where U    -    is the voltage in the consumers'   terminals; 
e    -    is the voltage loss in X, 

then finally: 
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S ■ —^7 100 - —TT^- -  for single phase current; 

p7 
S ■ ■ „q 100 - for three-phase current. 

Yt-Up ^ 

From the formulas we can see that the conductor cross^sectlon is 
Inversely proportional to the square of the voltage, therefore, in 
order to increase the conductor cross-section (reduction of weight) 
it is recommended to raise the voltage. 

4.  Effect of Voltage Regulation Precision on the Calculation of 
the Feed System. 

In planning power systems.we should examine a number of inter- 
related factors: reliability, minimal weight, precision of voltage 
regulation, complexity of regulating equipment, lay-out, channels, 
and protection of the feed system, as well as the rationality of dis- 
tributing devices, busbar-loads. 

The voltage regulation precision maUes it possible to decrease 
substantially the weight of the network to the increase of the voltage 
drop permissible in it, but the precision increase is rational up to 
a certain point, 1. e., up to the moment when it is accompanied by 
an improvement In the system's conductor weight. Depending on the type 
of the aircraft, the lay-out of the distribution system, and the 
current load on the distributing device busbars, we determine the 
optimum precision of the voltage level regulation, which assures the 
minimum weight of the electric power system. 

The increase of the voltage regulation accuracy above the optimum, 
does not ylaÜM^decrease in the weight of th«^»ed. system wires, but 
results in a strucur*! complication of the regulating equipment, and 
in the reduction of the work of the entire electric power system. 

If the voltage regulation accuracy is not taken into account, or 
is used incorrectly in the calculations of the rated and emergency 
conditions of the work of the feed system, this results in a sharp de- 
crease of the service life of the consumers, and sometimes because of 
poor quality of the electric energy supply, they are put out of com- 
mission. 

By the emergency operating conultions of the feed system, we 
understand the failure of one or several lines of a multi-channel 
system. Upon the failure of a single line the quality of the supply 
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to the consumers should not deteriorate substantially, and only 
during a second case of damage to the power supply system In the 
same sector, the electric energy consumers which are supplied from 
the given distributing system, receive electric power of a lower 
quality. 

For such electric power systems the maximum permissible voltage 
drop in the feed system will be determined as 

i      :- ■ • ; ■! 

^pymn=UrJ^Bn^^n-]-^U^, (3.1) 

where U  .  - is the minimum permissible voltage on the con— 
e min i .... i 

sumers terminals; 
AUf c  - is the voltage drop at the consumers' feeder; 

AUf „  - Is the voltage drop at the generators' feeder 
(from the point of connection of the voltage 
regulator to the primary distributing busbar). 

If the electric power system is designed without taking into ac- 
count the failure of the feed lines, then the given maximum voltage 
drop should be considered as the calculation drop. 

If in designing the electric power system we take into  account 
the possibility of failure of a part of the f>ed lines, then the 
calculated voltage drop will be 

*",>,..<*-&"„.•**—'. 0.2) 

where n    -    is the total number of feed lines, passing to the given 
distributing device; 

k   -    is the number of lines put out of commission. 

The cross-section of the wires supplying the distributing de- 
vice is determined by the expression 

^.c,=--~—. Ü.3) 

• 

where I - is the current at the DS busbars In ampere; 
2 - is the distance from the center of the distributing sys- 

tem to the through the distributing system in meter; 
Y - la the specific conductivity of the conductor in meter/ 

fl-mm2. 
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Further, according to the wire table, we adopt the nearest, 
greatest standard cross-section S . .  > S . , which is checked 

according to the permissible current load under emergency con- 
ditions of the supply system work: 

I   ,   > i£3L_r , 
permiss    n ^ k 

(3.4) 

o 

which guarantees the working capacity of the conductor under em-^ 
ergcncy working conditions of the distributing system. 

4*5. tjp* 

4*S.t'tS<4 
 Tt- 

BÜ   1:1] 
1^4,'530a  ilj 1 

UP* 

Pig.3.3. The calculation diagram of the 
feed system. 

Prom expressions (3.1) and (3.3) we can see that the Increase 
of accuracy in regulating a prescribed voltage level (Increase of 
the minimum generators' voltage) makes It possible to reduce con- 
siderably the weight of the feed per system to the Increase of the 
permissible voltage drop In it. This will occur until the calculated 
wir« cross-section will be limited by the maximum permissible current 

load. 

In this way, In order to create a system of electric power supply 
with minimum weight. It is required to string the wires In accordance 
with their permissible current load. This Is possible, even If the 
voltage level regulation accuracy assures the required voltage drop In 

the supply sytem. 

Let us determine the effect of the voltage level regulation 
precision on the weight of the supply system, the calculate! diagram 

of which Is given In fl«. 3.3. 

In accordance with the norm, we assume that the rated voltage of 
the generators (point of connection of the voltage regulator) we use. 

- 152 



U     . « 28.5 v, the voltage drop In the generator feeder AU.  • 

0.3 v, in the consumers' feeder AU r » 1.0 v, and the voltage at the c. t 
nl consumers'  terminals U    - 27 v + 10X.   i.  e.,  U      .    • 24.3 v; U c ^ c mm c max 

- 29.7 v. 

As the precision of voltage regulation we adopt the value AU ■ 

U    - U  .  , which in the existing regulators lies within the 
g max   g min ^ 

bounds of + (1.2 - 2.0)v. In this case the upper limit of the gen- 
erators' voltage equal to 30.5 v, exceeds the value of permissible 
force for the consumers, which does not exclude the possibility of 
overvoltage of the consumets, when they are turned singly. However, 
during flight the over-voltage is practically little probable* be- 
cause of the voltage drop in the system. The caee examined, the 
lower voltage level is important, which is the determining value for 
the weight of the network upon the airplane. 

When the regulation precision is AUr - 0 the maximum permissible 

voltage drop in the feed system 

AU.     - 28.5 - (24.3 ♦ 1.0 ♦ 0.3) - 2.9 v. 
ds max 

The calculated voltage drop when one line goes out of order Is 

3 
AU.   .  - 2.9 • T - 2.18 v. ds calc       * 

For the distributing busbar of DS25 

s 175-20 
m calc ' 50-4.2.18 8.05 wn2. 

Ue select according to the table the closest rsted standard cross- 
section 

Sm table " 8-8 -2' 

which we check according to the current load 

IH - ^ - 58.33 ampere. 
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and an 8.8 M2
 conductor sustains 56 imp.,  therefore, we finally 

adopt the cross-section S - 10 mm2.  The weight of the main lines 
will amount to 

C - 4 • p* 1 - 4 • 0.126 • 20 - 10.1 KH. 

We shall mak« an analogous calculation for aluminum conductors 

175*20 

a calc  34-4.2.18 
11.8 

Wa select on the table S - 35 mm*, which can hold up under the per- 
mitted current load. 

Then the weight of the main linea will amount to 

Ga con " * * P * 1 " * * 0-131 • 20 - 10.5 KH. 

Thereupon w* carry out calculations for DS25 with various regulation 
precisions. Analogously we calculate the cross-sections and weight of 
the conductors of other DS, and put the various calculation results 
down onto the table. 

Let us determine the optimum of precision of voltage regulation of 
the DS for aluminum wires, selected according to the permissible cur- 
rent load. 

For DS25 and DS26 

AH X75-20    n 7. AU.   . • -v '."*•*•-   ■ 0.74 v; 
ds calc. 34-4-35 

AU.      - 0.74 - 4 - 0.985 v; 
ds max 3 

ug mtn  " 0-985 + 25.6 - 26.585 v; 

AUds25.26 " 2(28*5 " 26-585 > - 3.83 v. 

By an analogous calculation for distributing systems 34 and 41 
we get: 
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o 
ÄÜDS34 -3-91vI 

ÄUDS41 ■2-5v- 

The voltage level regulation precision« obtained are optlnum 
for their diatributlng systems. The opt laue value of the regulation 
precision for the entire power network aboard the aircraft will be 
the value of AUp ■ 2.S v, which la the highest in the given dis- 

tribution system, which satisfies the consuaers, which are supplied 
fron any diatributlng device. 

The application of the regulation precision on a given aircraft 
above the optimum precision is not expedient, since it does not yield 
any advantage in weight of the power supply system with the normal 
amount of energy. 

From the above it follows: 
1. In planning the electric power supply aystems on heavy air^ 

craft, it is necessary, in addition to the general load schedule, to 
combine load schedules for the distributing system busbars. With the 
correct diatribution of the loads over the busbars, the optimum volt- 
age level regulation precision for the entire power system is at the 
same time rational for any distributing system, which provides a 
minimum weight for the power supply system. 

2. For every type of aircraft there is an optimum value of voltage 
level regulation precision, which provides all the consumers with 
electric energy of satisfactory quality with a minimum weight of the 
power supply system. 

3. The use of voltage regulators with a regulation precision above 
the optimum renders the design of the voltage regulators more com- 
plicated and reduces the reliability of the power supply. 

4. The weight of the supply system increases Increases not gradu- 
ally, but in Jumps, because of the large intervals in the wire cross- 
section scale. 

5. It is not advisable to use copper wires with cross-sections 
more than 10 mm2, out of weight considerations. Aluminum wires should 
be used. 

6. In calculating the power supply system it is necessary to take 
into account the possibility of failure of the power supply line, of 
the distributing devices. For busbars, si.p.'ylng important consumers, 
the voltage should not drop below the permissible value, when one 
channel goes out of commission. 

Having determined the maximum current loads of the distributing 
system, we can calculate their maximum permissible distance and the 
maximum permissible current moments with various precisions of the 

- 155 - 

O 



voltage level regulation. 

« -i. ■ i •. r 

«».» } /.* i * «IT« I 

Fig. 3.4. Permissible voltage loss curve in the power 
supply system In relation to the law and the 
voltage regulation precision. 
Key: 1. Maximum permissible AU.; 2. with Ug 

nominal ■ variable; 3. maximum permiss. 
AUp; 4. with U. nominal ■ constant; 5. volt- 
age drop in generator feeder; 6. voltage drop 
in consumer's feeder. 

In fig. 3.4 we show the graph of permissible voltage losses in 
the power supply system in relation to the regulation accuracy under 
two laws, with a constant one, and a "floating" 2 nominal. 
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o 
Today the rated voltage, maintained by the voltage regulators, 

is adopted as equal to Ug „^ - 28.5 v, with the regulation law 

U - Ü    + 0.5 AÜ . 0.5) 
g   g.nom -     p 

The factors determining the use of voltage regulators with such a 
regulation law, are the values of the maximum and minimum voltages. 
It is quite dangerous to use voltage regulators, which permit a 
U    > 29.7 v, since when the single consumer is switched on, it 
g max 
can go out of comission because of the high voltage in the power 
lines aboard the aircraft. The low minimum voltage makes it ««cessary 
to string wires of large cross-eectlons. resulting in a consldersble 
Increase in the weight of the power supply system. The modern heavy 
aircraft with the distributing systems, located at distances of 30 
to 35 m, and current moments of 20.000 - 22.000 amp. ■. require for 
the creation of d-c minimum weight power systems, a voltage level 

. regulation precision of AUp • 1 v. 

Let us examine another regulating method, namely the method of 
the "floating" nominal voltage, according to which the nominal voltage 
is not constant, but changes in relation to the voltage level regul- 
ation precision. In this case the upper limit of voltage remains un- 
changed, equal to 29.7 v, with any voltage regulation accuracy. In 

this case 

U     - U      - AU  ... O«6) 
g min    g max     p 

Regulating the voltage according to the "floating" nominal method 
within the regulation precision limits from 0 to 2.4 v (AUp - 0 -2.4 v) 
the value of the minimum generator voltage is greater, than with reg- 
ulation according to the constant nominal method. With the value of 
AU - 1.2 v. the method of the "floating" nominal voltage makes it pos- 

sible to obtain the same reduction of the weight of the power supply 
system, ss with AU « 0. according to the constant nominal method. 

As we can see fMk the curve in fig. 3.4. from the point of view 
of the minimum weight of the power supply «Y^«". It 1« «JJ" advisable 
to regulate the voltage according to the lew of floating nominal 
within the bounds of AUp - 0 - 2.4 v. while in regulating according 

to the constant nominal law. in order to obtain the same effect, an in- 
crease in precision is required. The transmission of such current 
moments has 20.000 - 22.000 amp. m. using the "floating' nominal method 
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in regulators, may be assured by voltage regulators with the 
regulation accuracy of AUp m 1.8 v. 

The optimum voltage level regulation precision in the power 
system aboard the aircraft is determined by the necessary accuracy 
in regulating any one of the distributing devices and may be 1.5 
to 2 times greater than the required regulation precision for 
other distributing devices. This results in the necessity of using 
voltage regulators with a higher regulation precision. 

In planning the power system we should strive to distribute 
the loads between the distributing systems, so that they would have 
an equal value of the required regulation precision. If however, 
the regulation precision has been prescribed ahead of time, then, 
using the current moment curves and distributing system load curves, 
we should distribute the load between them in such a way, that the 
prescribed regulation precision would be optimum for all the dis- 
tributing systems of the aircraft. 

Since the arrangement of the distributing systems is determined 
by the general lay-out of the aircraft, the distance at which they 
are located is prescribed ahead, therefore, in order to assure the 
minimum weight of the d-c power system, it is necessary to determine 
the current moments of the distributing systems and according to 
their known distance determine the permissible current loads with 
various voltage level regulation precisions. 

5. Calculation of Short-Circuit Currents of sn Electrical System. 

The short-circuits of conductors may be dead or intermittent. In 
power circuits damage is accompanied, as a rule, with dead short- 
circuits, which are charactetised by 0 resistance values at the short- 
circuit point. 

In as much as a short-circuit is a serious type of damage to the 
electrical system, it should be quickly isolated fron ♦'he part of 
the system which is good working order, by means of protective devices. 
In order to select correctly the protection and switching equipment, 
which is able in the case of a short-circuit, to switch off the 
faulty sector of the system, it is necessary to know the currents and 
voltages of Individual sectors of the system during s short-circuit. 
It is necessary to know the value of short-circuit currents also, in 
order to determine the dynamic forces and thermal loads of the elements 
of the electric power system. 

The short-circuit currents are calculated by the graphical or 
grapho-analytlcal method. 
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In the graphical method the values of a current and voltage 

during a short-circuit are determined graphically according to the 
volt-ampere characteristics of tha sources and consumers of electric 
energy. 

The value of the short-circuit current ia affected by a number 
of factors: The quantity of sources and consumers connected in paral- 
1c, the character of their volt-ampere characteristics, the place and 
type of short-circuit, the lay-out of the power supply system, the 
transient resistances in the connections, protection system, contacts, 
and other equipment, the exact effect of which it is practical im- 
possible i.o estimate. 

Therefore, the calculation results have an approximate character 
with a precision of 10 - 1SZ. This precision is sufficient for a 
practical concept of the order of the possible value« of short-circuit 
currents. 

More precise data may be obtained in testing natural size models 
of energy systems under laboratory conditions, however, even in this 
case the short-circuit processes, and their consequences will differ 
from the actual ones. 

In calculating short-circuit currents in d-c systems, we examine 
and establish short-circuit regime, while the volt-ampere character- 
istics are selected for the generator during the maximum revolution 
velocity, for the battery which is fully charged (not less than 7SX) 
and for the rated load current. 

In fig. 3.5 we present ths diagram of a system with a single 
generator, tha external characteristic of the generator, and the 
graphic method of calculation of established short-circuit current. 
Let us assume, chat at a certain distance from the generator at point 
a, there is a short-circuit with a constant resistance r,,» which may 
be considered as a consumer. 

If we disregard the reaistance of the line between the source 
and point a, then the voltage of the source mini  consumer are r<, and 
the point examined will be equal, and consequently, the value of 
the current and short-circuit voltage at this point are determined 
by the abscissa and alternate of the point of intersection of the 
external characteristics of the generator (curve 1) and the re- 
sistance beam r*. 

In order to take into account the voltage drop in the line from 
the generator to point a, we draw a resistance beam of this line, R' 1. 
And then from the external characteristics of the generator, we 
graphically subtract the straight line IR'i and obtain the external 
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Fig. 3.5. Calculation of the steady short-circuit current 
with power supply from one generator with a 
type A load. 

characteristic of the generator, reduced to point a (curve 1') 
the intersection of which is beam r(C equals the short-circuit 
current 1^ (point a'). 

In order to estimate the voltage drop in the line from the 
resistance TKft to  point a. we plot the resistance ray of this line 
R i, which is added up with ray rK  and use a volt-ampere character- 

istix: of the consumer with an allowance for the voltage drop in the 
line (ray 4'). The intersection of characteristics l' and 4' (point 
a ) yields a short-circuit current 1^'. 

To estimate the effect of volt-ampere characteristic of the load 
it is necessary for each given voltkge to subtract the current of 
the load s volt-ampere characteristic (ray 2) from the current of the 
generator s external characteristic (curve 1'). Th« resuming curve 
3 is the reduced volt-ampere characteristic of the generator, the 
intersection of which with ray 4' yields the short-circuit current 
lK.  With the short-circuit at the generator terminals (r.f - 0), the 
short-circuit current I^Q does not depend on the value of the load 
RH (point b). 

In fig. 3.6 we present the graphic calculation of a stabilised 
short-circuit current when the power system is supplied from two 
generators and a storage battery. 

At first the volt-ampere characteristics of the source are brought 
up to point b. In this case we take into account a voltage drop in 
the corresponding feeders. 
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Fig. 3.6. Calculation of stabilized short-circuit current during 
power supply from two generators and storage battery, 
with consumers of the A, B, and C type. 

Curves 1, 2, and -3, are volt-ampere characteristics of the gener- 
ators and storage battery, brought up to point b. 

The volt-ampere characteristics obtained are added up. The re- 
sulting volt-ampere characteristic is brought up to point a, taken 
into account the points of lines' resistance (curve 4). 

Curve 5 is the total volt-ampere characteristic of loads A, B, 
and C. 

The graphic subtraction of characteristics 5 and 4 yields a 
volt-ampere characteristic (curve 6) of the sources with an allowance 
for the load, brought up to point a. 

> 
The value of the stabilized short-circuit current is determined 

by the intersection of curve 6 and ray rK at point a. 

Fi<oi i'om the above it is obvious that with other conditions being 
equal, the short-circuit currents in the presence of the consumers 
connected, are smaller than in their absence. During flight it is 
hard to foresee, which consumer will be turned off at the moment of 
short-circuit, therefore, in practical calculations the influence of 
the consumers on the short-circuit value is Ignored. In this case 
the short-circuit current values are somewhat over-estimated. 

Section IV. Primary Direct Current Electric Power Systems. 

Chapter 1.  General Information on Direct Current Electrical Power 
Systems. 

1. The Role of the Primary Direct Current Power System. 

The primary electric power's d-c systems with a 27 voltage, have 
become widely used in a series of aircraft types, and are the principal 
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electric power supply systems, which provide feed for consumers under 
normal and emergency flight conditions. The system If most rational 
If the consumed power of the electric energy does not exceed 9 - 12 KW 
per engine, and the engines are started with starter generators. 

As the main sources of energy, the d-c generators are used, the 
total capacity of which Is a selected source to provide a reserve 
of 50 to 1003! of the total capacity of consumers operating for a 
long period of time. 

The rated voltage of the generators Is assumed to be 28.5 v + 3% 
with an ordinary regulation and + 2% v with voltage regulation, and 
the rated voltage of the consumers Is 27 v + 10%. 

In parallel with the generators the storage batteries are cor- 
rected, which are reserve energy sources for supplying vitally Im- 
portant consumers which are necessary for landing or a specific 
flight time when all the generators have failed. 

2.  Principal Technical Demands on the D-C Power Systems. 

The technical demands to the electric power supply systems and 
electric power lines apply entirely to the d-c electric power systems. 

The technical specifications shall have answers for the following 
specific questions: 

Purpose, working conditions, equipment assortment, principal para- 
meters (power, voltage, and positions), quality of energy (permissible 
voltage deviations from the normal values); excitation systems, volt- 
age regulations, control, protection, checking and working systems; 

Permissible generator load Irregularities with parallel work, per- 
missible generator loads on the ground without forced air circulation 
and overloads during flight for 5 min and 5 sec; 

Work without fail, vitality, independence, convenience and safety 
of service, minimum weight and dimensions; 

High mechanical, electrical and thermal sinks, fire- and explosion- 
safety; rapid action, absence of interferences with radio equipment 
and magnetic instruments, simplicity,, interchangeability, and suffici- 
ently long service life. , 

Let us note several measures and ways of meeting the above 
mentioned demands: 

1. Parallel work of all the sources for the main supply system. 
2. Automatic connection of energy sources to the feed network 

at the begin of operational working conditions. 
3. Automatic disconnection of energy sources from the power supply 

systems when the input voltage drops below the permissible limit. 
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4. Minimum load discrepancy between generators working in paral- 

lel (not more than 5 to 10% of the rated capacity of one generator). 
5. Stable, parallel work of the generators upon the increase 

of the load from 0 to the rated load and decrease from the rated load 
to 0 (3 to 5%  of the rated load). 

6. Independent and selective disconnection of the energy source 
from the power supply system when it goes out of commission. 

7. Automatic and selective disconnection of the power source from 
the power supply system upon a short-circuit at the "source-power 
supply system" sector and during overloads. 

8. Automatic disconnection of the over excited generator from the 
power supply system, since when the operating coils of the regulator 
break, the voltage of the generator increases up to 50 v. 

9. Retention of the working capacity of the power supply system 
when individual energy sources go out of commission, until at least 
one of them still exists. 

10. Maximum reliability of the equalizing circuit, because a break 
in it disrupts the normal load distribution between the generators. 

11. The electrical circuits of regulation, guidance, and control 
should have selective protective systems, providing the disconnection 
of the damaged line during a short-circuit and maintainance of the 
vitality of the remaining system. 

3. Cooling of Direct Current Generators. 

In the ordinary direct current generators operating up'-to an al- 
titude of 18 km under subsonic flight conditions (M - 1.3), the 
forced cooling (blowing) with the counter current of air is used, 
the airstream coming into the generator under the dynamic thrust ef- 
fect. 

The generator calculated for forced cooling with work without 
blowing (under ground conditions), reduces its specific capacity by 
3 to S times. 

The increase of flight altitude over 18 km causes a reduction in 
the generators' capacities because of the decrease of density and 
weight flow rate of the air through the machine and the heat trans- 
fer coefficient of its active parts. Even a small increase of alti- 
tude results in a considerable increase of the weight of the gener- 
ators in the cooling system (by 1.5 times upon the Increase of the 
altitude from 17 to 21 km). 

The increase of the flight velocity results in a decrease of the 
usual generator capacity, because of the rise of the cooling air 
temperature through its breaking action (thermodynamic heating). The 
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thermodynamlc heating of air Is Insignificant at subsonic flight 
velocities, and Increases sharply upon exceeding "the sound-barrier" 
reaching about 250oC at a flight velocity of Vn - 3000 km/hour. £ 

the supersonic flight velocity causes great expenditures of the 
aviation engine capacity for blowing air through the generators. 
When Vn * 3000 km/hour these losses exceed by several times the rated 

capacit of the machine. 

The boundary of rational Increase of air consumption is the so- 
called alr-"saturatlon" of the machine, after which with the growth 
of air consumption the load cannot be Increased. The Increase of the 
temperature of the machine's active parts beyond alr-"saturation" 
occurs approximately according to the linear law in relation to the 
temperature of the incoming air. 

In connection with this, the necessity arose of using new prin- 
ciples of cooling and designing aviation electrical machines. 

At high altitudes In an supersonic aircraft, d-c generators with 
an operative cooling are being used. 

The structural systems of generators with air-operative cooling 
differ little from the systems with ordinary air-cooling. The role 
of the air is reduced to transportation of the fluid into the machine 
In a dispersed state. The fluid is atomized in the active part zone. 

The active parts of the generators are cooled by evaporation of 
fine fluid films on them. The formation of films is based on the 
principle of centrifugal atomlzation of fluid. Depending on the rate 
of rotation, the redistribution of fluid between the winding and 
surface of the collector, is reached by means of the cone-type atom- 
izer. 

The intensity of film cooling is higher than the air-cooling in- 
tensity which makes it possible to decrease the outside dimension In 
weight of the machines by up to 30%. 

The greatest Interest is represented by the universal cooling 
system, in which in relation to the flight conditions the cooling 
system Is switched over from air to air-operative, or purely evapor- 
ative. 

The automatic conversion from one cooling system to another makes 
It possible to provide for the greatest effectiveness of the use of 
the electric machine in the aircraft with a large range of speeds and 
altitudes. 
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Chapter 2. Direct Current Energy Sources. 

1. Aviation Storage Batteries. 

The storage batteries are galvanic batteries in which the electro- 
chemical processes are easily performed, i. e., the elements may give 
electric energy to the external circuit or accumulate it if it is de- 
livered from a external current source. 

Storage batteries, installed on aircraft, work parallel with the 
generators for the common power system and are intended for: 

Covering the current peaks which exceed the maximum permissible 
load of the generators, in starting, under brief work of high capacity 
consumers during flight; 

Energy supply to vitally important consumers in flight when the 
generators goes out of connission; 

Energy supply to consumers during cruising over the airfield, with 
svltched-off generators; 

Feeding starters during independent starting of aircraft engines 
or power units; 

PowAr supply to small capacity consumers when parked during the 
performance of the prefllght and postflight examination in case of 
absence of airfields' energy sources. 

The storage batteries have symbols in the forms of digits and 
letters, which serve for indicative numbers of cells, the rated dis- 
charged capacity (ampere hours) and type of the battery. The figures 
indicate: the first ones, the number of cells In the battery, the 
second the rated capacity of the battery discharge in 10 to 5 hours. 

Several types of batteries have been adopted in aircraft: acid 
(lead) of the 12-A-30, 12-CAM-28, 12-CAM-53; alkaline (silver-zinc) 
of the 15-SZS-45; alkaline (cadmium-nickel) of the 20-KNB-30 type. 

The storage battery should operate normally at all flight velocities, 
different maneuvers and positions of the aircraft in space, variations 
of surrounding temperature between +50 to -60oC (with measures taken 
for cooling or warming them) and atmospheric pressures of up to 25 ma 
of mercury. 

The electro-motive force of the storage battery depends on the 
density and the temperature of the electrolyte and Is determined with 
sufficient approximation by the following equation 

Ea ■ 12(0.84 + d)v, 

where d - is the density of the electrolyte at 15*0 in g/cm3. 

O 
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ItKttae   3) 

Fig. 2.1. Measurement of the storage battery voltage 
during charging and discharging. 
Key: 1. charging, 2. discharging, 3. hours. 

The internal resistance of the battery decreases during charging 
and increases during discharging with especially large currents. 
It is very small, amounting to hundredths or thousandths of an fi, 
which makes it possible to obtain large currents with relatively 
small losses inside the battery. 

The voltage of the battery differs from the e.d.f. by the values 
of the voltage drop in the internal circuit of the battery: during 
charging Uc ■ Ea + IaRa; during discharging Up - Ea - IaRa, where 

Ia - is the current flowing to the battery during charging and dis- 
charging; 

Ra - is the Internal resistance of the battery. 

In fig. 2.1, we show the typical curve of voltage changes in the 
battery in time during charging and discharge with a current of a 
10 hour regime, which for the majority of the batteries is accepted as 
rated. 

In fully charged batteries with the electrolyte density of 1.285 
g/cm3, the electro-motive force of the battery is equal to 25.5 - 
26.0 v. 

In actual practice the battery discharge may be carried out only 
up to a certain voltage, the discharge being below which results in 
damage to the battery. The mode of operation for large discharge cur- 
rents permits smaller final voltages. 

The temperature of the electrolyte has a substantial effect on 
the voltage during discharge and charging of the batteries. As the 
temperature goes down, the viscosity of the electrolyte and the in- 
ternal resistance Increase, the leveling off of the density Is slowed 
down, and the voltage drop during the passage of the current in- 
creases. The voltage at the battery terminals for the same discharge 

- 166 - 

O 



o 
current with the decrease of the temperature, drops very steeply 
(fig. 2.2). 

When the electrolyte freezes, the electro-motive force of the 
battery is practically equal to 0. Charging at a lower temperature 
requires a higher charging voltage. 

Wi." t3<tj<t, 

2    J    4     5    6    7tvae 

Fig. 2.2. Change in the battery 
voltage during discharge under 
various temperature and current 
conditions. 

300 Iaa 

Fig. 2.3. The dependence of the 
battery capacity on the discharge 
current at different temperatures. 

The capacity of a battery Is determined by the amount of electri- 
city, which it gives up during discharge down to the lowest permissible 
voltage: 

jipdt. 

If the discharge occurs at a constant current power,  then 

Qp - i«t P P' 

where tp ~ is the discharge time. 

As the nominal capacity we assumed the capacity during a 10 hour 
discharge down to the 20.A v at the batteries' terminals (with the 
initial electrolyte density of 1.285 g/cm3 and a + 20oC temperature). 

The capacity depends on a number of factors: the quantity and 
velocity of the active substance, thickness and area of the plates, 
temperature and density of the electrolyte, atmospheric pressure, dis- 
charge current value, and the preceding state of the battery. 
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A great effect on the capacity of the batteries Is caused by 
the discharge conditions. As we can see from fig.  2.3, with an In- 
crease of the discharge current the capacity of the batteries drops 
sharply. 

When the battery Is discharge by currents which are greater than 
the rated currents«  the capacity may be approximately be determined 
by the formula 

M 

Qp - 0.4 Qrat.lg 
a max 

where Ia „^x - Is the short-circuit current of the battery; 

Ip     -Is the discharge current of the battery with which 
we determine Qp. 

The value of the battery's capacity Is affected considerably by 
the electrolyte temperature also. With the lowering of the temperatures 
the capacity drops. 

The capacity of the battery at a low temperature Is determined 
with the formula 

Qv - Q20 [1 + 0-01 (v - 20°)], 

where Qv  - Is the capacity at temperature v; 

Q20 ~ Is the capacity at a temperature + 20SC. 

-  t 

v - VK +(VH - vic) e 
lcont 

where v)C 

VH 

T 
cont 

t 

Is the temperature of the surrounding medium; 

Is the Initial temperature of the electrolyte; 

Is the time constant of the battery with the container; 

Is the flight time. 

In aircraft the batteries are Installed In special containers which 
reduce the heat transfer and preserve from mechanical damage and pene- 
tration of oil, water, and other substances. 

The containers are usually made of pure aluminum with a heat in- 
sulating, hazard resisting lining of deer-hair felt, hard Anozol 
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plastic. The thickness of the heat-lnsulatlon layer usually does 
not exceed 15 - 20 mm. The temperature of the electrolyte should 
not be lower than -50C. During prolonged flights under low temper- 
ature conditions, the heat insulation does not produce the de- 
sired effect, and the battery has to be heated. 

The principal technical data for storage batteries are given 
in table 2.1. 

The simplified diagram of the battery feeder and the airport 
power supply connectional roses, presented in fig. 2.4, assures the 
solution of the following problems: 

1. Connection of batteries 101 and 102 to the aircraft's power 
system busbars 41A and 42B, by means of conductors 103 and 104 and 
switches 107 and 108. The latter is used during an emergency situ- 
ation. 

2. Prevention of connection of batteries to the power system 
aboard the aircraft, when there is an incorrect polarity. In this 
case the semi-conductor opens the relay 105 (106), the latter oper- 
ates and the conductor's feed circuit 103 (104) is broken. 

Table 2.1: Principal technical data of storage batteries. 

1). 
Tun aKKy- 
MV.IHTOpa 
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Si 
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PcaciiM ocnomioro MjPMg 
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X 
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H  ■< « 
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3.0 26 
4.8 48 
5.6 28 

11   : 55 
0 45 

5   i 21 
10 

i 

30 

8) 

<s 

9) 
m 

S ■ ' 
X := a 

Ox« 

10) 

o 
an 

11) 
Toincpa- 

12) 

13) 

12-A-10 24 10 
12-A-30 24 •io 
12-AO-50 24 10 
12-CAM-28 24 5 
12-CAM.55 24 5 
15.CUC-45 27 5 
12-ACAM-23 24 
2()-KBH-30 24 3 

1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.8 
1.0 

14.5 
27.8 
54.0 
28.5 
55,0, 
14,3. 
30.0 
38.0 

1.45 15 
1.07 15 
1.12 15 
1.02 17 
1.00 18 
0,32 20 
1.42. 35 
r.2 36 

+50+-S0 
+50+-50 
+50-ä—SO 
+50+-50 
+50-^-50 

+50-^-50 
+50+-5 

1. Battery type. 
2. Rated voltage, v. 
3. Basic charging conditions. 
4. Time/hours. 
5. Discharge current, amp. 
6. Capacity amp/hours. 

7. Final voltage at the cell, v. 
8. Weight, kg. 
9. Relative weight, kg/amp.hour. 

10. Altitude, km. 
11. Temperature, "C. 
12. 15-SZS-45,, and 13. 20-CNB-30. 
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Flg. 2.4. Diagram of control ana protection of battery feeders and 
airfield power supply connection roses. 
Key: 1. Into the starting control circuit; 2. To switching 

off of the generators; 3. On; 4. Off; 5. Battery; 6. 
RAP; 7. From the starting system: 8. 24 or 48 v. 
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3. Consecutive control of battery current by means of ampere- 
meter 109 and two-way switch 110. 

4. Automatic twitching over of the batteries by conductors 113, 
114, and 115, on the signals of the starting system, with a voltage 
of 48 v, for supplying power to the electric starter. In this case 
the aircraft power system receives a voltage of 24 v. 

5. Paragraph* 1, 2, 3, and 4, apply cosplstely to the process 
of a switch-over to the aircraft power system of the airfield power 
supply connection roses 117 and 118. For this purpose the two-way 
switch 107 is set up In the "RAP" position. 

6. The degrees of s possibility of a burning of the power con- 
ducts of the conduct-rose 117 (118) at the moment of connection of 
its ground part to the aircraft part. This is schieved by the greater 
lengths of power beams in connection with the control beams. 

7. Automatic disconnection of aircraft generators from the power 
system by means of the 123 (124) aid connection of the signal lamp 
125 (126) when anyone of the connection rose« is plugged in. 

8. It excludes the possibility of s starting of the sircraft 
engine when only one airfield power supply connection rose is plugged 
in. This is performed through the consecutive passage of control cir- 
cuit by starting through the normally disconnected contacts of re- 
lay 123 and 124. 

If it is not required to switch over the system from 24 to 48 v, 
then conductors 113, 114, and 115 are not Installed and the system 
is simplified accordingly. 

2. Direct Current Generators. 

Gsnerators of the OS and GSRC with a capacity of 3 - 18 kw voltage 
of 28.5 v with forced cooling, have become widely used in aircraft. 
These generators are characterised by sufficient reliability, compact- 
ness, opsrstion at high altitude (up to 20 km and more), speed (n ■ 
3800 - 9000 rpm), small relative weight (3.7 - 2 kg/kw), and high 
efficiency (0.75 - 0.78). 

The weight of a d-c 30 v generator Is «>etArmined with the empirical 
formula [1]: 

„ . u( bus ) «•" *, 
I "initial/ 

From this formula we can see that the increase of the initial rate 
of revolutions i4n£C£ax "ukes  it possible to decrease sharply the 

weight of the generator or increase its rated capacity, and Improve its 
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operating characteristics. Thus,   in generators operating at a constant 
rate of revolutions,  the excitation power and dimensions of  the 
equipment decrease substantially,  under the voltage regulation pre- 
cision,   improves through the decrease of the range of excitation cur- t* 
rent   variations.                                                                                                                        *# 

The principal technical data of  the d-c generators are  given in 
table 2.2. 

a 

Fig.   2.5.    External characteristic of a generator 
with parallel excitation, operating with 
a regular voltage. 
Key:   1.   ^hort-circuit»  *'   ^rated»   '•   ^max* 

L      T m*   ''-armature' 

The generator is determined by the external characteristic (fig. 
2.5), which represents the dependence of the voltage at the gener- 
ator's terminal, on the load currents, with the constant resistance 
in the excitation circuit and constant rate of rotation. 

In a generator, operating without the voltage regulator (t' e 
characteristic is drawn in a broken line) upon an increase in the load, 
the voltage decreases because of the drop of voltage in the armature 
winding, and in the brush contact, the reaction of the armature, and 
decrease of the excitation current. 

With an invariable resistance of the excitation circuit, with the 
increase of the rate of revolution, the external characteristic is 
located higher, while the critical current value (Icr) increases. 

The value of the stabilized short-circuit current (I8C) is de- 
termined by the value of the magnetic flux of the residual magnetism 
and the rate of revolution, ami is usually less than rated (Irated^' 

Aviation generators operate with automatic voltage regulators. The 
voltage regulator, beginning with idling and up to the maximum load 
Imax (which is higher than rated), maintains the voltage practically 

unchanged. 
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The maximum current   (overload capacity) which may be obtained 

from the generator under a rated voltage increases with the in- 
crease of the rate of revolution and reaches the highest value at 
the maximum velocity  (sector OB). 

The maximum and critical currents are selected for minimum per- 
missible velocities of rotation and are assumed to be equal to 

'max   •1'8IratedJ   ^r ■ 2Irated- 

They may be  increased  through use of compensatlonal winding, 
which compensates the effect of the armature reaction. 

3.    Non-Conduct  D-C Generators. 

During supersonic  flights and at altitudes higher than    18 km, 
it  is difficult to cool the conventional generator mainly because 
of the presence of the collector and pressures.   Inspite of a number 
of design measures undertaken, and the use of special materials,  the 
collector-brush unit  remains the least  reliable element of the d-c 
generator under these flight conditions. 

-r-- 

S tetLdu-   mum In- teitpomop    *a B-mit 

6 8 

'sfef/iamw'&"*»••«- 

Fig.  2.6.    Diagram of   the non-conduct d-c generator. 
Key:   1.  Voltage regulator,  2.  Stator,  3. 

Excitation winding,  4.  Rotor,   S.  Generator 
of the exciter,  6.  Excitation rectifiers, 
7. Main generator, 8.  Rectifiers at the 
generator's output. 

With the development  of  the semi-conductor technology, power- 
ful silicon diodes have appeared, which make  it  possible to create 
non-conduct d-c generators. 
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The non-conduct generator (fig. 2.6) Includes 4 basic elements: 
d-c exciter, main generator excitation rectifiers, main generator, 
and rectifiers at the output of the main generator. 

The output from the operating coils of the d-c exciter is de- 
livered through the excitation rectifiers to the excitation winding 
of the main generator. All these elements were assembled on a rotat- 
ing rotor, which excludes the necessity of the use of sliding con- 
tacts between them (collector and brushes). 

The voltage from the operating coils from the main generators 
is delivered through the output rectifiers, from which the rectified 
current is delivered to the supply system and simultaneously through 
the voltage regulator to the voltage coils of the exciter. The above 
mentioned elements are located in the stator and require no sliding 
contacts for connection between one another. 

The exciter is a high capacity amplifier and operates with an 
insignificant excitation current in comparison with the excitation of 
the main generator. This makes it possible to use for the exciter an 
automatic voltage regulator with small capacity, which results in 
a decrease of its dimensions, weight, and amount of remote heat. 

The non-conduct direct current generators with static voltage 
regulators make it possible to use a d-c for various types of super- 
sonic and high-altitude aircraft, if It is necessary for supplying 
the main consumers. 

The weight of the generator per unit of power amounts to about 
2 kg per kw. 

Chapter 3. Voltage Regulation and Protection of Direct-Current Gener- 
ators. 

1.  Voltage Regulator ot D-C Generators. 

The voltage of generators under all operating conditions, i. e., 
with a variable rate of revolution, and load variations from 0 to 
maximum (Imax %2Irate<j) should be maintained practically constant. 

This task is carried out by automatic voltage regulators, which, while 
they change the resistance in the excitation circuit, act upon the 
value of the generator excitation current and in this way maintain their 
voltage constant and the load distribution regular during the parallel 
work of the generators. 

For automatic voltage regulation of generators with excitation cur- 
rents of more than 2 amp., carbon voltage regulators of the R, RUG, 
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1. Generator type. 
2. Rated data. 
3. Power, P**, of rated ku. _ 
4. Voltage, U, v. f) 
5. Current power, I, amp. 
6. Speed, n, rpm/tlmes 103. 
7. Weight, G, kg. 
8. Relative weight. G/Prated, kg/kw. 
9. Altitude, H, kw. 

10. Flow rate and alr-presaure, dmVsec/m water column. 
11. Site 
12. Diamter, on. 
13. Length, am. 
14. Number of poles. 
15. Main. 
16. Auxiliary. 
17. Regulating equipment. 
18. Minimal relays. 
19. Voltage regulator. 
20. Precision voltage regulation. 
21. Protection against over-voltage. 
22. Stabilizing transformer. 
23. Remote resistance. 
24. Minus resistance. 
25. *), starter-generator. 
26. **), capacity is given with U -30 v. 

and RN ssries are used, which change smoothly the resistance in the 
excitation circuit. 

These regulators have the same design diagram (fig. 3.1) and 
differ with respect to its details, structure of individual units, 
certain elements of the electrical circuit, and the parameter values. 

The regulator has two main elements: the carbon column 1 and 
electric magnet, consisting of a core 2, main winding We and a level- 
ling winding Uy. The carbon column consists of a set of thin carbon 

washers, placed on a ceramic pipe 3, which is fixed on a ribbed body 
4. On both sides of the carbon column are carbon contacts S Insul- 
ated from the body. Installed on holders 7. The latter transmit the 
pressure to the csrbon column and connect it with the excitation 
winding Wb of the generator. The pressure on the carbon column de- 
pends on the action of the mechanical spring 9 and the electric mag- 
net. By means of s regulating screw 8, we can change the pressure of 
spring 9 on the carbon coulmn, changing in this way the tune-up of 
the regulator. The core 2 is threaded, which makes it possible to 
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regulate Che air-gap x of the electric magnet. The attraction of ar- 
mature 6 to the core 2 la opposed by spring 9 on which the armature 
Is rigidly fixed. 

Fig. 3.1.  Structural diagram of a carbon voltage regulator: 
1 - carbon column; 2 - core; 3 - ceramic tubes; 
4 - ribbed body; 5.- carbon contacts; 6 - armature; 
7 - holder; 6 - regulating screws; 9 - spring. 

Key: 1. to othsr Rn, 2. into the power system. 

The regulator also has temperature compensation facilitiea: 
special resistances and windings for precision voltage maintenance 
under different temparature conditions and stabilisation facilities 
for assuring a stable work of the regulator under transient conditions. 
In the work of the regulator the pressure on the carbon column may 
be changed by means of the electric magnet, the winding U( of which 

is connected to the generator terminals by means of the regulated 
resistance R^. 

Upon the increaae of the generator voltage the current in the 
winding Uc Increases, the pressure on the column decreases, the re- 

sistsnce increaaes proportionally, the excitation current decreaaes, 
and thia limits the voltage increase. Upon the decrease of the voltage, 
the regulation process occurs in the inverse order. 

Regulator Tune-Up. Depending on the character and the mutual 
position of the electro-magnetic and mechanical characteristics of 
the carbon regulator, the voltage regulator may be static or astatic. 
In fig. 3.2 we show three possible cases of voltage tune-up. 
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Case A. The slope of Che electro-magnetic characteristics Fem 
Is smaller than the slope of the mechanical characteristic Fm. 
In the equilibrium position, corresponding to the Intersection of 
the electro-magnetic and mechanical characteristics (point 1) with 
a gap B • S|( the voltage regulated is equal to U^. Upon the dis- 
ruption of the equilibrium, for example as the result of a load-drop, 
the voltage Increases and the operating point falls onto the electro- 
magnetic characteristics, corresponding to voltage Ui« (point 2). An 
a result of the voltage Increase, the regulator goes Into action, 
the air-gap x decreases, and the operating point moves to the left, 
until It again falls onto the mechanical characteristic fa (point 
3). A new equilibrium position corresponds to its voltage U3 
which Is greater than the voltage U^. In the case examined, the 
regulator is tuned up in such a way, that the load increase results 
In an Increase In the voltage, and conversely, that is, the character- 
istic will be dropping with the load. This tune-up, which is used 
most extensively In aircraft regulators, is called the tune-up with 
the positive statics. 

o 

Case B.  If the slope of the electro-magnetic characteristic is 
greater than the slope of the mechanical characteristic, Chen with 
the decrease of the load the voltage regulator decreases Uj- IN 
(point 4). This la a tune-up with negative statistics. 

Fig. 3.2.  Electro-magnetic and mechanical characteristics 
of a regulator with various types of tune-ups. 

Kay: 1. A.Fm - positive statics; 2. C.Fn - 
half statics; 3. B.Fm - negative statics. 

Case C.  If we assure the precise cor.rdln.it ion In the working 
range of the characteristics of the electro-magnetic pole and mech- 
anical characteristic, equal to the difference in the forces of the 
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spring and the elastic deformation of the carbon column, then at the 
end of the regulating process, the operating point will be located 
on the Initial characteristic, having moved from point 1 into point 
5, which corresponds to the state of equilibrium under the new oper- 
ating conditions. This tune-up of the voltage regulator is called 
astatic. 

The precise core-incidence of the electro-magnetic and mechanical 
characteristics is usually difficult to obtain, therefore, all reg- 
ulators have statism, which is determined by the selection of the 
operating point on the regulating characteristic (fig. 3.3). The 
operating point is selected during idling and the average rate of the 
rotation of the generator by compressing the carbon column through 
unscrewing the regulating screw. At point A, the carbon column is 
decompressed, the excitation current lb - 0, and the voltage is cre- 
ated by the generator through residual magnetism. At the AB sector, 
the space between the carbon column washers is eliminated and the 
voltage almost does not increase at all. At sector BC the voltage in- 
creases rapidly through the compression of the carbon column washers, 
however, the compression forces are small and do not  affect the 
position of the spring. The magnetic gap is great, and the electro- 
magnetic forces are small. At the CD sector, the spring is weakly com- 
pressed and Its mechanical characteristic is located below the electro- 
magnetic force characteristic. Consequently, with the growth of the 
load the regulator may have a negative statism. 

When the regulating screw is screwed out the compression of the 
carbon column increases the magnetic gap decreases and as a result 
so does the regulated voltage. Beyond point C the regulator usually 
becomes unstable, since the spring begins to vibrate, causing a sharp 
voltage oscillation in the generator. This is explained by the fact, 
that the spring is first little compressed, and during any disruption 
of equilibrium (load-drop and others) the electro-magnetic force may 
compress the spring so far, that there is a break in the carbon column. 
In this case the excitation current, the voltage, and the electro- 
magnetic force drop to 0, whereupon the column is compressed by the 
spring, and the voltage grows in the process of "popping", which is 
repeated. The "popping" condition is very dangerous for the regulator 
and therefore when the regulating screw is screwed out, this cone 
C'D' should pass rapidly. 

Upon further movement of the scr^w at point D, the vibrations of 
the spring cease and the regulator becomes stable. Sector DE cor- 
responds to the stable work of the regulator. 

At point D the mechanical and electro-magnetic characteristics 
coincide. At this point the regulator is tuned-up astatically and with 
measurements of I and n the voltage regulated is not changed. 
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Flg. 3.3.  The regulator's regulating characteristic. 
Key: 1. Generator voltage, v; 2. Screw 
pitch,, 3. D. 

At sector DE the spring .Is strongly compressed and Its mechanical 
characteristics are above the characteristics of the electro-magnetic 
force. Consequently, with the growth of the load, the regulator has 
positive statics of voltage regulation. 

When the regulating screw Is screwed out, the rigidity of the 
spring Increases, the mechanical characteristic ascends, and the 
regulated voltage Increases. 

The voltage level of the regulators changes by the screwing in 
or out of the electro-magnetic core. When the core is screwed in, the 
voltage drops, dui to the decrease of the required, initial velocity, 
necessary for the creation of the same electro-magnetic pole and 
conversely. 

2. The System of Precise Voltage Regulation and Protection against 
Over-Voltage. 

The system consists of combined voltage regulators, central voltage 
corrector, and automatic device for protection against emergency volt- 
age increase, and assures solution of the following problems: 

1. Maintaining a voltage with an accuracy of + 0.5 v, with a 
variation rate of revolution within the range of 4000 - 9000 rpm, 
and load from 0 to the rated load; 

2. Uniform load distribution between generators working in parallel 
with a precision of + (S-10)Z; 

3. Possibility of sub-regulating the load distribution by means 
of external resistances of voltage regulators; 

4. Possibility of changing the voltage level of the power system 
aboard the aircraft by +0.75 v, by means of Che regulstlng resistance of 
the corrector; 
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5. Manual switch-over from one corrector to another. If in- 
stallation of a duplicating corrector is provided; 

6. Operation of the protective automatic device under all 
emergency conditions, if the voltage at the collection busbars 
exceeds 34 v, and in this case the signal "over-voltage" lamp is 
lit; 

7. During a sudden rise of voltage at the collection busbar? 
the operating time of the protective device at 34 v is not greater 
than 1-3.5 seconds; and with 60 v it is not less than 0.04 - 
0.1 second. 

Let us examine some systems which we can select for the solution 
of the above mentioned problems. 

System CVR is presented in fig. 3.4. 

The regulator operates in the following manner. Upon the in- 
crease of the voltage the generator increases the current in the 
winding We, the action of the electric magnet increases, the pressure 

on the carbon column decreases, and its resistance increases, de- 
creasing the excitation current of the generator and reducing its 
voltage accordingly. 

The temperature compensation winding Wt Is connected in parallel 
to the operating coll, the magnetizing power of the former being 
subtracted from the magnetising power of coll We. The regulator is 
acted upon by the difference of these magnetizing forces. Windings 
We and Wt and the resistance of the temperature compensation R, are 
selected in such a way, that the Increase of the magnetizing forces 
upon the change of the temperature of both windings, is approximately 
equal. 

The stability of the regulator's work is achieved by introduction 
of a feed-bag by means of resistances and winding WgC. 

When switch B) is closed, relay Rj operates and turns on the 
equalizing winding Wy of the regulator to the common equalizing bus- 
bar, for all the generators operating In parallel. The value and dir- 
ection of current In W depends on the difference in the regulating 

busbar potentials, and the minus brush of the generator, with which 
that regulator works. The equalizing current, passing through winding 
Wy, affects the regulator, raising the voltage of the under-loaded 

and reducing the voltage of the over-loaded generator. 

The corrected winding W^, by means of relay R2, Is turned on In 
parallel with analogous windings of the rigged voltage regulators, 
of the other generators, and receives the signals from the central 
voltage corrector (CVC). 
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The CVC system, a simplified central voltage control system, 
is presented in fie,.  3.5. 

The sensitive element of the CVC is a bridge, one of the arms 
of which contains a silicon stabilitron ST. The coils of the polar- 
ized relay D are connected to the diagonal of the bridge. Under 
rated voltage of the power supply system aboard the aircraft, the 
armature of the relay occupies the neutral position. 

( 

Fig.3.4.  System of a combined voltage regulator (CVR): 
We - operating coll; Wy - parallel operation coll; 

W^ - correcting coll; Wst - stabilizing coil; Wt - 

temperature compensation. 
Key: 1. Generator turned off; 2. from the automatic 

over voltage protection device (aod); 3. equal- 
izing busbars; 4. from the CVC. 

Upon the decrease of the voltage at the collection busbars, the 
armature passes into position L and capacitor C is charged. The great 
potential of tube L inrrejiseH, the anodic current grows, the base 
potential and triode T resistance decreases, which results in a mis- 
match at the output bridge, consisting of R6, R7, R8, and T, and con- 
sequently to the increase of current in the correcting coll U^ of 
the regulator.Winding W^ Is connected In counter-current with We; the 

summation ampere-loops decrease, and the voltage at the bu»bar in- 
creases. As soon as the voltage reaches the rated value, the armature 
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passes to the neutral position and remains there. 

Upon the Increase of the voltage at the collecting busbars, the 
(      armature passes Into position B, condenser C begins to charge through 

resistor R5. In this case the great potential and anodic current of 
the tube will decrease, the trlode base potential will Increase, the 
current In Uu and the voltage at the busbars will decrease. When the 
voltage reaches the rated value, the armature passes Into the neutral 
position. In this way, the CVC operates as the vibration voltage 
regulator, the vibration frequency of the conducts being determined 
by the capacity of capacitor C and resistors R^ and R5. The voltage 
corrector circuit may be tuned-up In such a way that upon passage of 
the voltage generator through the rated value, the sign of the cur- 
rent In the correcting winding would change. 

Fig. 3.5. The central voltage correction (CVC) diagram. 

The CVC is an astatic regulator, since the armature may occupy 
a neutral position under any current in the correcting windings. 

Usually, the sensitive part of the CVC are terminals S and 2, 
which are connected to such a point in the electric system, the 
voltage in which should be maintained constant, while the output 
terminals 1 and 3 are connected with the correcting windings W^ of 
the voltage regulators. 

The AOD diagram is shown in tip,,  3.6. The system of the power 
line protection from emergency voltage increase, consists of a 
central automatic protection device sod and a number of elements, 
included in each voltage regulator. The protective automatic device 
measures the general voltage level at the collection busbars, while 
the protective elements produce the selectivity. 
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The AOD has two identical sensors,   two bridge circuits,  the 
diagonal of which includes polarized relays R10 and Rn. The 
bridge circuitr have a different tune-up:  relay R10 operates 
under a voltage of 30 - 31 v, while relay Rn  operates under a 
voltage of more than 33 - 34 v. ( 

B PUK 

4m- 

\ tn wd 

--i 

1     L.   (f-r 

Fig. 3.6.  Diagram of the automatic over-voltage protection device 
(AOD). 
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When relay RJO operates, relay Ri Is turned on, and after a 
certain time Re; then R3 Is turned on which breaks the feed circuit 
of Re, and blocks Itself and turns on R1+. Relay R1+ turns on signal 
lamps Li  and L2, and switches over the system to the duplicating 
CVC, by means of relay Ri2» 

If the voltage has dropped to the rated voltage, relays R^. 
Rj, R3 and Ri^ will be released. In this case relays R3 and R4 have 
a time lag, using diodes D In order to permit relay R7 to operate, 
which locks itself and blocks relay R12. If the voltage did not de- 
crease, then it is necessary to determine according to the Instruments 
the generator which is out of order, and to disconnect it. 

1) 

Fig.   3.7.    Diagram of the external connections of the precise reg- 
ulation and over-voltage protection system equipment. 
Key:   1.   DMR,  differential minimum relay;  2. disconnected 

generator;  3.  collection busbar A;  4.  equalizing busbars; 
5.   to other voltage regulators;  6.  starter generator;  7. 
main CVC over-voltage protection automatic device;  8.  AOD; 
9.   reserve CVC.    - 5'  and 5" - VRC, voltage regulation 
corrector. 

If the voltage has risen above 33 - 34 v, both relays RIQ and 
Rn will operate. Relay R^ will perform the operations described 
above, and relay RJI will turn on R2, which turns on the delayed 
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action relay Rg. Since relay R^ switches over the correctors, then 
when the main corrector Is out of order, the voltage Is restored, 
relay Rg has not enough time to operate, and the circuit will re- _ 
turn to the Initial condition, having blocked the switch-over cir- ( ) 
cult of the correctors. 

If after switching over of the correctors, the voltage will not 
decrease, the relays Rg, R5 will operate. Relay R5 breaks the feed 
circuit of Ri^, and the system again switches over to the main cor- 
rector. 

Relay R5 sends signals to the VRC. Rj of the generator out of 
order will not operate, and the signal falls on to the windings of 
conductor KL (see fig. 3.4) which turns off the feed of the ex- 
citation circuit and closes it, in order to exclude the possibility 
of over-magnetizing of the generators. 

At the generator in good working order by the moment at the ar- 
rival of the signal ftom the AOD, the polarized relay Rj has enough 
time to operate and turn on relay R3, which breaks the feed circuit 
Kp and excludes the possibility of its operation and disconnection of 
excitation of the generator in good working order. 

In fiR. 3.7 we give a diagram of the external connection of the 
equipment in the precise regulation and over-voltage protection system, 
the work of which has been examined earlier. 

3. Protection of D-C Generators and their Feeders. 

In order to preserve the working capacity of a power system when 
the generator or its feeder is damaged, a protection against over- 
voltages is provided for (it is has been examined earlier), as well 
as protection against loss of excitation, over-magnetization, over- 
loads, and short-circuits. 

This protection is given by the differencial minimum-relay (DMR) 
which simultaneously serves for the automagnetlc switching on and off 
of the generators under normal conditions. 

There are different types of DMR for 200, 400, 600 and 800 ampere 
currents. All of them have the same purpose and simplified diagram 
(fig. 3.8) and differ only with respect to the auxiliary elements and 
power conductors. 

The DMR fulfills the following functions: 
- it connects the generator to the power line, if its voltage is 

not lower than 14 - 19 v and exceeds the power system voltage by 0.2-1 v; 
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it disconnects the generator from the system upon a re- 
verse current (15-35 A for the DMR-AOO, and 25-50 A for DMR-600), 
which originates upon the loss of excitation by the generator or 
short-circuit at the DMR-generator sector; 

it does not connect the generators to the power line with 
an incorrect polarity, which Includes the possibility of its over- 
magnetization; 

- it gives out signals on disconnection of the generators or 
break in the feeder line at the sector between the generator and 
the DMR; 

it provides non-automatic (manual) connection of the gener- 
ator to the system. 

i   ' 

The DMR consists of the differential relay Dr contactor K, con- 
nection relay Rc, protection relav T?,,, forcing relay Rf, and re- 
lay for switching the coils of the differential relay, and signalling 
Rs. 

A command element is the differential relay. It has two colls, 
the one in series, SO (one loop), over which passes the generators' 
current, and the differential GEO, connected to the difference of 
the voltages between the generator and the system. 

The magnetic system of the differential relays (see fig. 3.8), 
consists of steel plates 1 and 2, permanent magnets 3, and poles 4 
and 5. The steel armature 7, passes freely inside the SO and DO 
coils, is fixed on bracket 6, and can turn by a small angle for 
touching contacts screw 8, or supporting screw 9. 

Depending on the direction of the total ampere-loops.of the colls, 
the relay armature is magnetized in a certain direction and its ends 
are drawn to the fixed poles of the opposite polarity. The relay has 
no counter-acting spring, therefore, when the coils lose the current, 
the armature occupies the position which it occupied before the 
windings were turned off. 

When the switch B is turned off, the winding of relay Rc is con- 
nected to the generator. When the voltage of the generators gradually 
increases as the engines turn more rapidly, reaches 14 v, the relay 
operates. 

When contancts 1-2 of R close, winding of R and the shunt 
winding of differential relay D are connected toZthe potential 
difference between the generator and on-board power system. 

If at the moment of connection of relay Rc the above mentioned 
voltage difference reaches value 12-16 v, relay Rp operates, and 
having opened the contacts, preserves the winding of Dr from pro- 
longed stay under current, since the winding of Dr is calculated for 
a long work under a voltage of not more than 15 v. Relay Rp also 
excludes the possibility of connection of the generator to the power 
system with incorrect polarity. 

49 
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Fig. 3.8.  Block electrical circuit diagram of the generator with 
the DMR protection system. 

Key: 1. power supply system aboard the aircraft; 2. power 
supply system; 3. DMR; 4. storage battery; 5. R£: 6. Dr; 
7. Rf» 8. 9. Rc; 10. generator. 

With the increase of the voltage on the generator, the voltage 
difference of the generator and the power system aboard the aircraft 
decreases, and when it reaches 3 - 5 v, the relay operates for re- 
lease, the contacts will close and Dr winding will again be connected 
to the voltage difference. 

If the Dr contacts at the moment of connection of its winding 
were closed, the magnetic field created by the coils will be of the 
same direction as the one during which the contacts will be open; 
if they had been opened, then they will be held by the magnetic field 
int the open space. 

When the voltage of the generator exceeds the voltage of the power 
system aboard th.2. aircraft by 0.2 - 1 v, the magnetic field of Dr will 
change its direction and will move the small armature into position 
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during which the contacts Dr will be closed. 

In this case, the winding of conductor K through contacts 1-3 
of relay R , contacts of Dr and contacts of relay R/r will be con- 

nected to the generator voltage; the conductor will operate and will 
connect the generator into the system through its power contacts. 

When the contacts are closed the voltage is delivered to the coils 
of relay Rf, which will operate, open its conducts, and connect in 
series with the conductor winding, the additional resistance R, which 
decreases the current of the conductor's winding, preserving it from 
over-heating. 

Relay R£ has a relatively high disconnection voltage value (8-12 v) 
which results during deep voltage dips in its release, shortening of 
resistance R, and increase of the conductor coil current. 

Simultaneously with relay Rf  relay Rs operates, switching over 
the end of Dr winding from the "system" terminal to the generator 
feeder line, breaks the circuit of the "generator disconnected" lamp 
and closes the consumer protection circuit. 

If the voltage at the generator will decrease and become lower 
than the voltage in the system, the current in the series coil will 
change its direction. The magnetic field of Dr will correspondingly 
decrease its direction and will throw over the armature into the 
other extreme position, during which the contacts of Dr wilx open. 
In this case, the conductor will disconnect the generator, relay Rf, 
and relay Rs from the power line, and the system will be in the 
"generator disconnected" position. The winding of Dr will switch over 
from the generator to the "power line" and resistance R will be 
shunted. Relay Rp will operate and break the circuit of the Dr coil. 

If the voltage of the generator will decrease further and become 
smaller than 5 v, then relay Rc will operate to disconnect and will 
open the circuit of relay Rp coil, its contact will close, but this 
is net dangerous for winding of Dr, since its circuit is now broken 
by contacts 1 and 2 of relay Rc, the DMR goes into the Initial posi- 
tion, to connect the generator to the power line,if its voltage will 
rise again. 

When the feeder line is broken, the current will not flow over the 
series winding, and on the shunt winding a current will flow in such 
a direction, that the armature will be thrown into the conduct-opening 
position. The conductor is disconnected, and removes the current from 
the coils of relay Rs. 
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The DMR may be used for connecting the generator as a starter 
when the aviation engine is started. In this case the current is 
delivered to the terminal A from an outside source. 

The protective system of the generator in its feeder line during 
short-circuits should satisfy the following conditions: 

1. The short-circuit in a feeder line inside the generator should 
not result in damage to the generator itself and to putting it out 
of order in the power system. 

2. The protective system should disconnect the damaged gener- 
ator from the power line and extinguish its excitation field, break- 
ing the excitation winding and shorting the winding of the auxiliary 
poles. 

3. The damage to the protective system should not result in a 
false disconnection of the generator from the power system. 

D-C generators are not equipped with a special protective device 
against short-circuits, its role is partially carried out by the DMR 
and the maximum-current fuses. 

The following takes place during a short circuit. 

At the"generator-DMR" sector or in the generator itself; 
1. The DMR disconnects reliably the short-circuit point from the 

external system if the reverse current does not exceed the breaking 
capacity of the DMR. 

2. The generator's cut-out does not operate because of the short 
time of passage of the current in the generator, supplies power to 
the short-circuit point. 

3. In the presence of three and more generators in a system, the 
breaking capacity of the DMR may prove insufficient to disconnect the 
system from the damaged feeder line. The DMR conducts are welded to- 
gether. In this case the generator cut-out operates and disconnects 
the short-circuit point from the external system, but the fire hazard 
is not decreased. 

At the "cut-out - DMR" sector; 
1. The cut-out operates if the energy of the external network 

sources is sufficient. The external system is disconnected from the 
short-circuit point. 

2. The generator operates at the short-circuit point, since the 
short-circuit current for the DMR is direct. 

3. The considerable voltage drop (up to 1 - 4 v) on the DMR con- 
ductor coil, brings about the "ringing" conditions and may result 
in welding together the DMR conducts. A stable short-circuit regime 
originates for the generator, which is the most dangerous, because 
it puts out of action the DMR and the generator. 
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At the generator busbar; 
1. All the energy sources operate for the short-circuit point. 
2. A deep voltage drop (up to 1-4 v) all the DMR enter the 

"ringing" conditions, their conducts may be welded together. 
3. With certain lay-outs of the feed system, the selective pro- 

tective system may disconnect the damaged busbar from the power 
system. 

The control and measuring equipment circuits have a length ex- 
ceeding by several times the length of the power circuit, therefore 
in these circuits, protective automatic devices are installed also. 

Protection of generators against over-loads. The length of the 
work of a generator during over-loads depends on the value of the 
current and thermal properties of the generator. According to the 
norms, the generators should hold up under a current over-load of 
1.5 Irated during 5 min., and 2lrat-ed during 5 seconds. 

The system protecting the generators from over-loads should re- 
act to heating of the most vulnerable parts of the generator and re- 
duce the current of its load in relation to the heating conditions 
to such a value, with which the heating temperature does not exceed 
the permissible limit. For this purpose a thermal relay is built 
into the generator. The flight conditions determine the necessity of 
removing the load or disconnecting the generatot. 

The use of the maximum current relay does not assure the pro- 
tection of the generator from over-heating, since it limits only the 
current value, and not the length of its action. Moreover, on an 
aircraft with large capacity consumers, the batteries are unable to 
cover the peak loads, therefore, the load current of the generators 
cannot be limited and their capacities should be selected ahead, 
taking into account the peak loads. 

To protect the generators from currents during shore-circuits, 
high-melting fuses of the TP type have become widely used, which are 
calculated for disconnecting the generators only during prolonged 
overloads. 

Chapter 4:  Parallel Work of Direct Current Energy Sources. 

1.  Specific Features of the Parallel Work of D-C Generators. 

The continuous growth of capacity of the consumers is accompanied 
by the increase of the number and power of the generators, so that it 
has become necessary, that they would work in parallel. 
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The parallel work of the generators in comparison with separate 
work has a number of advantages: 

1. The reliability of electric power supply increases, because 
when part of the generators go out of commission, the uninterrupted 
power supply to the most important consumers continues. 

2. The required power reserve of the energy sources decreases 
from 100% to 50% and below, which makes it possible to decrease the 
flight weight while the high reliability of the electric power 
supply remains. 

3. The starting and power supply to electric motors which exceed 
the capacity of any single generator, is provided for, without de- 
creasing the quality of electric power supply to other consumers. 

4. It becomes possible to install batteries of lower capacity. 

O 

With the parallel work of the generators it is necessary to carry 
out the following conditions: 

1. The generator voltages should be equal. 
2. The polarity of the generators connected to the common busbars, 

should be the same.       * 
3. The parallel work should be stable, with a substantial power 

difference of the generator in the aircraft engine (the power of 
the generator amounts to 0.5 - 2%). 

4. The uniform distribution of the load between generators of a 
similar capacity working In parallel with different variations of 
rpm. This is attained by fulfilling additional conditions, which are 
examined below. 

Fig. 4.1.  Distribution of loads between generators working in parallel 
with natural external characteristics. 

If generators of the same type and equal capacity have Identical 
external characteristics and rpm, then with parallel work they will 
yield equal currents to the load. However, with different external 
characteristics, or rpm, the loads are distributed Irregularly. 

In fig. 4.1 we present natural external characteristics of the 
generators. From the characteristics of generators 1 and 2 we can 
see that with equal rpm and loads, generator 2 which has a steeper 
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external characteristic yields a smaller current to the power system. 

If generators 2 and 3 have Identical external characteristics, 
but different rpm, n2 > n3, then generator 2 will yield to the power 
system a larger current than generator 3. 

In the cases examined, the change in the rpm or size of the load 
is accompanied by fluctuations of the generators' voltage. 

In this way, with different external characteristics and rpm, 
the parallel work of generators is practically Impossible without 
voltage regulators with additional elements for parallel work. 

With non-uniform load distribution between the generators, the 
permissible capacity of the power system is eliminated by the gen- 
erator carrying the greatest load. 

For a more uniform utilization of the capacity available, it is 
necessary to distribute the load uniformly between them, which is 
attained by means of voltage regulators. 

The parallel work of generators is considered satisfactory, if 
under all operating conditlcns the load is distributed uniformly 
with a precision of + 10%, while the voltage of the power system at 
the point where the voltage regulator is connected, is maintained 
constant within the limits of close to + 2% of the rated voltage. 

2. The Place of Voltage Regulator Connections. 

In fig. 4.2 we show three variations of connections of voltage 
regulations: 1 - to the common busbars, 2 - to the generators' ter- 
minals, and 3 - to the terminals of the DMR. The place where the 
operating coll of the regulator is connected, has a substantial ef- 
fect on the polarity of load distribution during parallel work of 
the generators. 

When the regulators are connected to the common busbars, the 
following expressions are correct: 

U2 - U 
R2 

I = li + 12 ■ 

u Ui - U + R Ri 
U2 

+ R7 
m u R Ri  R2J 
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where  I - 
II and I2 

U - 
Uj and U2 

R - 
Rj and R2 

is the total load current; 
- are currents of the generator; 

is the voltage on the common busbars; 
- are voltages of the generators' terminals; 

is the load circuit resistance; 
- are resistances of this circuit, connecting the plus 

terminals of the generators with the busbars. 

O 

With this circuit diagram each regulator reacts to any voltage 
deviation on the busbar and strives to maintain it constant. When the 
load resistance is unchanged,from the last expression we obtain 

UJR2 + U2R1 = const, 

TI.ls equation is correct with an infinite quantity of voltage values 
Uj and U2, that is, the arbitrary load distribution is possible 
between generators operating in parallel. For a uniform distribution 
of the load between generators with Rj = R2 the voltages at their 
terminals should be equal, i. e., Uj = U2. 

I  

Fig. 4.2.  Simplified circuit diagram of the parallel work 
of two generators with angle voltage regulators. 

When the regulators are connected to the generator terminals, we 
can write: 
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ül - ü + Ij • Ri ; 

U2 = U + I2 • R2 ; 

l!  Uj - U R2 

l2  U2 - u Ri ' 

from which after transformation we obtain 

Ii    CUi - U2) + IRj 

12    ("2 - Ul) + IRl 

In this case the regulators strive to maintain constant U^ and U2. 
Consequently, with an unchanged load current I and constant values of 
Rl and R2 the load may be distributed slngle-valuately. For a uni- 
form load distribution between generators with all values of I, It Is 
necessary that R^ = R2 and Uj = U2. 

Usually In real power systems, the operating colls of the voltage 
regulators are connected directly to the DMR terminal. This makes It 
possible to raise the voltage stability at the distribution busbars, 
and In combination with the equalizing winding, to obtain practically 
uniform load distribution between the generators. 

The equalizing winding used in regulators is intended for auto- 
matic equalizing of generator voltage for a uniform load distribution 
between them. It has a small number of coils and is located on the 
same electro-magnetic core of the regulator as its operating coils. 

When the generators work with angle voltage regulators, the equal- 
izing coils are connected between the negative terminals of the gener- 
ators, as it is shown in fig. 4.2. 

The current in the equalizing circuit is created through the dif- 
ference of the potentials, arising because of the unequal voltage 
drop at the calibrated ballast resistances R-, connected into the 
minus circuits of the generators. 

If Ui > U2, a Ri+ « R2+ ; Ri- - R2-. TO l! > I2 

Consequently, the voltage drop at the balanced resistance Rl_, is 
greater than at R2-, and the potential at point a2 will be higher than 
the potential at point aj, as a result of which the equalizing current 
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will flow from 32 to mi» 

The magneto-motive forces of the equalizing and operating colls *** 
of the regulator RNj add up. As a result of this the attractive force 
of the electro magnet increases, the angle column lengthens, its 
resistance and consequently the excitation circuit resistance in- 
creases, which results in a decrease of Uj. 

The magneto-motive forces of the equalizing and operating colls 
of regulator RN2 are subtracted from one another, which results In 
an Increase of U2. 

In this way, the currents passing through the equalizing colls, 
tend to reduce to a minimum the Imbalance of the voltage AU ■ Ui-L^. 

In order to increase the effectiveness of the action of equalizing 
colls, their resistance and that of the connecting conductors should 
be minimum, which increases the ampere coils with small values of AU. 

■ 3.  Parallel Work of Two Generators of Equal Power. 

With any value of the external load its distribution between paral- 
lelly operating generators of equal power (fig. 4.2) should be uni- 
form for all operating conditions, and this is possible only if five 
conditions are fulfilled: 

1. Coincider^e of voltage regulator characteristics of gener- 
ators working in parallel within the limits of the entire range of 
rpm variations, ü = f'n) " const., 1. e., astatic regulators; 

•2. The equality of regulators tune-up voltages during idling; 
U10 - U20; 

3.  Equality of resistances of the plus sectors of generator cir- 
cuits: R1+ - R2+; 

A.  Equality of the resistances of the minus sectors of generator 
circuits: Rj- ■ R2-; 

5. Equality of resistances of the corresponding equalizing colls 
and equalizing conductors: rj ■ r2< 

It is practically impossible to fulfill all these conditions, be- 
cause there is always a non-coincidence of the characteristics, de- 
tuning of voltage regulators, and an unequal!ty of conductors' re- 
sistance in the plus, minus, and equalizing circuits. 

The total load current I, depending on a number of factors. Is 
distributed between generators l\  and I2 respectively. 
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The non-uniformity in the load distribution between generators 

(current imbalance) is characterized by the value of the lateral 
current I_: 

II - 2 + V 

la - 2  Iq- 

Evidently, with the uniform load distribution, the lateral current 
Iq - 0. 

Let us examine the effect of individual factors on the character 
on load distribution between generators and the value of the lateral 
current: 

The characteristics of the voltage regulators. The regulators 
may have a static or astatic tune-up. 

Astatic regulators maintain the voltage unchanged within the bounds 
of the entire rpm revolution range of the generators U - f(n) ■ const., 
which assures the uniform distribution of the loads between the gener- 
ators operating in parallel, the other conditions being equal. 

Regulators with a static tune-up and an identical statism have 
found practical application. With divergent characteristics, the loads 
are distributed non-uniformly with the exception of speeds, at which 
the voltage regulator tune-up was performed. 

In as much as the rpm of the aircraft engines during flight is 
almost the same, and changes practically simultaneously, it is per- 
missible to install voltage regulators with a statism up to + 0.5 v 
in the entire range of rpm variations. 

When one of the generators is disconnected, it is required to dis- 
connect the equalizing circuit, in the opposite case the voltage of 
the operating generators will decrease through the action of the equal- 
izing coils. 

The inequality of regulator tune-up voltages (Uio> U_0; R|. ■ R2. 
- R+; Ri_ - R2_ - R_) is caused by: 

a) Incomplete coordination of the characteristics of the jointly 
operating voltage regulators; 

b) poor precision in tune-up of regulators for equal voltages; 
c) detuning of regulators in the process of operation; 
d) effect of changing temperature conditions because of imper- 

fections of temperature compensation. 

\ 
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With a disconnected circuit of the equalizing colls the following 
equalities are correct: 

UlO " IlRl+ - "20 " I2R2+; 

ii + I2 - i; 

T    "ID - "20 -   AU 
ia0 " "  

R1+ + R2+    Ri+ + R2+  ' 

where I Q - Is the transverse current, characterizing the non- 
1     uniformity of load distribution between the generators 

with an open equalizing circuit. 

The value of this current does not depend on the load, and Is a con- 
stant: value Cor the given regulator detuning. Even during idling, 
when I ■ 0, there exists a certain transverse current which Is use- 
lessly heating the generators. In this case, one of the generators' 
is operating under these motor conditions. 

When the equalizing coil circuit is closed, the transverse cur- 
rent Iq decreases substantially (Iq 

<Iqo). since in this case the 
voltage of the generator carrying a greater load, decreases, while 
that of the generator carrying a smaller load increases. 

Inequality of Resistances of the plus sectors of the generacor 
circuits 

Uio - U20; Ri+ + R2+ ; «1- " R2- • 

For powerful electric systems the wire resistances are very low 
(thousands of an ohm),  therefore any deterioration of contact con- 
nections may result during operation to a considerable difference in 
the resistance of the plus sectors. 

When the equalizing circuit  is open,  the generator load is dis- 
tributed in inverse proportion to the resistances of the positive 
sectors of their circuits. 

When the equalizing circuit  is closed, due to the action of the 
equalizing coils,  the non-uniformity of the load distribution between 
the generators is relatively small. 

-    198    - 

O 

o . 



Inequality of Distributions of the negative sectors of the gener- 

ator circuits (l^o - U20; Ri+ ■ R2+; Rl- ^ R2-)' 

The value of the transverse current with an unequality of the 
negative sectors is considerably greater than with the same unequality 
of the positive sectors. 

With the unequality of the ballast resistances and the presence 
of the equalizing coils, the load between the generators is less uni- 
formly distributed, than with an open equalizing circuit, therefore, 
it is necessary to observe strictly the equality of the balanced re- 
sistances. Deviations of not more than 5Z are permissible. 

/ > 

4. Parallel Work of Several Generators of Equal Capacity. 

With the parallel work of several generators, the voltage for 
each one of them is maintained constant by means of its own automatic 
voltage regulator. Evidently, for an uniform distribution of the load 
between them, it is necessary to carry out the conditions marked for 
the two generators. 

Let us examine a pr&ctical instance of parallel work of gener- 
ators, when one, having a high voltage, may be impermisslbly over- 
loaded, while the others are operating under an incomplete load. 

Fig. 4.3 Simplified circuit diagram of the parallel work of 
two generators of different capacities. 
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Let us assume Chat 

U20 - U30 - ... - uno - UQ; U10 > UQ; 

R2+ " R3+ ■ ... ■ 1^+ - Ro+5 Rl+ ^ R0+J 
R2- - Ra- - ...- Rn- - RQ-; Ri- +  Ro-« 

Under these conditions, the parallel work of n generators may 
be considered as the work of two generators of different capacity, 
the diagram of which is given in fi^. A.3. The parameters of these 
generators will be as follows: 

Uioi UQ  - are the voltages of the generator's tune-up; 

||| I'o" IQC" " 1) ~ are currents yielded by the generator; 

Rl+»R0+ " R0+ "TT "" are 'he resistances of the plus circuits of 
the generators; 

1        1 
Rl_;R0_ ■ RQ- ""^r - are the resistances of the minus circuits of 

the generators; 

fj ■ rg; r. ■ rg "~r - are resistances of the equalizing coils; 

rej- re; re - re —~r   -   are resistances of the operating coils of ^ 
the voltage regulators. 

Evidently, to distribute the load between the generators in pro- 
portion to their rated capacity, the resistances of the plus and 
minus circuits of the generators should be inversely proportional to 
the capacity of the generators: 

M+   «U   £1°      , 
Ri  " B«  " u  " n - 1. 
0+  Ro-  Fo 

Here, U10 - UQ; RU ■ RQ+I Ri- " R0i 'qn " 0- lf Cbese conditions are 

not fulfilled, Che transverse current originates. 

With the parallel work of n generators of equal capacity, the 
value of the transverse current may reach a double value of the traos* 
verse current of Che work of two generators operating In parallel. 

With an arbitrary load I, of Che power system Che esceoC of Che 
over load of Che over excited generaCor is determined by Che relative 
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overload coefficient: 
/ • 

I 
Kn 

where 

1 +       ÄU n-1 
' J r Ro+ Irated 1+0 

,    I 
J - Irated ' 

AU - VIQ -  U0; 
AR+- R1+ - R0+; 

AR_- Rj, - R0_; 

J R0+  «(1+B) - J 
AR- • 
RQ- n(l-ß) 

6 - la the coefficient which takes Into account the number of colls 
and resistances of the operating and equalising colls of the voltage 
regulators. 

When there are deviations in the tune-up of the regulators, we 
cannot obtain the rated power from the electric power system equal 
to the total power of all the generators. 

In connection with the above, in electric power systems with power 
work of n generators, we should use precise voltage regulators, pos- 
sessing more stable parameters than in the work of two generators oper- 
ating in parallel. 

5. Parallel Work of Generators with Storage Batteries. 

The parallel work of a generator with batteries is possible with: 
1. Equality of voltages of the generators and batteries. 
2. Equal polarities when they are connected to the collecting bus- 

bars. 

In fig. 4.4 we present the circuit diagram of connections of the 
generator and battery during their parallel work. 

In order to determine the distribution of currents during the 
parallel work of a generator with a battery, let us compare the external 
character ist les of the battery and the generator, operating with a 
voltage regulator. These characteristics are given In fl«. 4.5. 

In a generator, supplied with a voltage regulator with an astatic 
tune-up, the external characteristic in a vide range of load current 
variations, will be parallel to the axis of the abscissae (curve 1). 
And in a battery the characteristic drops rspidly with the increass of 
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Fig.  4.4.    Circuit diagram of the connections of the generator 
and storage battery during their parallel work: 
U, - 

Ir - 

Rr - 

Ea - 

I. " 

Ra - 

U - 
I - 
R - 

is the voltage between the plus terminal of the 
generator in the mass; 
is the current yielded by the generator into 
the power line; 
is the resistance of the sector of the circuit 
from the plus terminal of the generator to the 
plus busbars; 
is the electro-motive force of the battery; 

is the battery current (positive during discharge 
and negative during charge); 
is the resistance of the entire circuit of the 
battery between the positive busbar and the mass; 
is the voltage at the collecting busbars; 
is the load current; 
is the load resistance. 

the load current. For convenience of graphic plotting, the external 
characteristic of the battery is turned with respect to the axis of 
the ordinates by 180* (fig. 2). Taken into account the voltage losses 
in the connecting conductors, the characteristics are shown in bold 
lines 1' and 2*. Applicably to these characteristics we are examin- 
ing the current distribution. 

With a normal tune-up of the regulator, the voltage of the gener- 
ator is always higher than the electro-motive force of the battery 
Ur > Ea. Under all the operating conditions the battery's feeder line 

is carrying the voltage of the collecting busbar Ua ■ U. Let us ex- 
amine four characteristic cases. 

"r" 

1. The power system carries an all load I - 0, then Ua - UQ * 
ÄUro* In this case the generator is loaded only with the Iro 
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current, going to recharge the battery Iao 

Ir0 - ^O- 

2. The load Ij Is connected to the power system, the voltage 
at the collecting busbar decreases to Uj, then Uai - Uj « Ur - AUri. 
In this case the generator Is carrying the load of the power system 
and the current of the battery charge 

trl - Ii + ^1' 

3. The load In the power system Is Increased to I2, so that the 
voltage at the collecting busbar drops to the value of the electro- 
motive force of the battery Ua2 - U2 ■ Ur - AUr2 " Ea. In this case 
the charging of the battery ceases and all the current of the gener- 
ator goes to the power system load 

Ir2 

4. The load In the power system is Increased to I3, so that the 
voltage at the collecting busbar drops to U3, which Is smaller than 
the electro-motive force of the battery U3 < Ea. Then, Ua3 • U3 « Ur 

- AUr3 < Ea. The battery is converted to the discharge regime. The 
load current becomes equal to the sum of the currents of the gener- 
ator In the battery 

I3 " Ir3 + Ia3. 

the share of the battery current Increasing with the decrease of the 
generator's voltage. 

In this way, the load current distribution between the generator 
and battery depends on their external characteristics, the battery 
being the consumer as long as Ea < U. Independently of the number of 
generators and batteries operating in parallel, the voltage on their 
common busbars is the same; 
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Fig. 4.5. External characteristics of the generator 
and battery. 

u - ua - Eal " ^1 Ral 

- "rl " In Rrl 

• " ^a n ~ ^a n^a n 

ur n - Ir n^r n. 

the load current between them Is distributed In accordance with the 
external characteristics and voltage on their common busbar. 

The total current of all the generators operating in parallel is 
determined as 

n 

I Irk 
k-1 

I + la- 

The charging or discharging current of any battery is determined 
as follows: 

Ea - U 

The most charged battery has a characteristic- which passes higher 
than that of a discharged one, and has a less descending nature. Con- 
sequently, the battery which is charged the most consumes a smaller 
charging current and aids the generator when the voltage at the col« 
leeting busbar is higher. 

• 204 - 

O 



n 

   • -__; 

When the battery is being charged with a direct current, the 
increment of capacity depends on the residual capacity, the tem- 
perature of the electrolyte, and the length of charging. 

Approximately, the capacity increment in % may be determined 
according to V. S. Kulebakin's formula 

Aq% = [30 - 0.17 qre8%] ^p /T, 

where t - is the charging time in hours t < 3; 
qres - is the residual capacity in % of the rated capacity; 

v - is the temperature of the electrolyte (v > 250C). 

However, we should bear in mind that the power system aboard the 
aircraft having a rated voltage of 28.5 v, does not provide for a 
complete charge of 24 v batteries, since to restore the complete 
capacity a line voltage of 30 - 32 v is required. 

Chapter 5. Diagrams of Primary Direct Current Power Systems. 

1.  Protection of Generator Busbars and Connecting Lines. 

In d-c power systems the current protection with fuses and ther- 
mal automatic devices is being widely used. In tt%,   5.1 we present 
four possible variations of current protection diagrams for gener- 
ators busbars and connecting lines against short-circuit. The rated 
current of the fuses (protective automatic devices) is taken at 1.2 
to 1.3 of the rated current of the generator. Upon a short-circuit 
at one of t-.he busbars, the fuses at all the lines connecting this 
busbar with others, should operate. The selectivity of the protection 
device's work depends on the circuit diagram of the busbars. 

Diagram a. With identical sources, connected to the busbars 1, 2, 
and 5, during a short-circuit at- any of the busbars, the 1 to 5 cur- 
rents in all the lines, connected to the damaged busbar, are approxi- 
mately the same and equal to the generator current, which under 
stabilized conditions usually does not exceed the rated current. Con- 
sequently, the fuses in the lines do not operate during a short-circuit 
on the busbars. 

Diagram b. When there is a short-circuit in the busbar, the cur-«- 
rent in its connecting line is equal to the sum of the currents con- 
nected to the operating busbars. As a result of this, the fuse in the 
line, leading to the busbar with the short-circuit will burn out first 
and will selectively disconnect from the other busbars. M. 
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Fig. 5.1. Protection of the generator busbars and con- 
necting lines during a short-^clrcult. 
Key: 1. connecting busbar; AK •» battery; 

r = generator. 

Diagram c. When there is a short-circuit at the busbar, the cur- 
rent In Its connecting line Is equal to the sum of the currents of 
the other lines, consequently, the fuse In the line going to the bus- 
bar with the short-circuit, will burn out first and selectively dis- 
connect from the remaining busbars. 

Diagram d. When there Is a short-circuit In the busbar, the cur- 
rent In the line leading to It Is three times greater than In the other 
lines. Because of this, the protective device will selectively dis- 
connect the busbar with short-circuit. 

System c, provides for a rapid action, and system d, assures a 
high reliability of the feed source unit when there are breaks or 
short circuits in the supply lines. 
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In all the diagrams during a short-circuit  in the line,   the pro- 

tective device operates selectively,  disconnecting the damaged line 
from the system in working order. 

Individual cases of damage to voltage regulators cause a consider- 
able rise in the voltage in the power system in comparison with the 
rated voltage, which might result  in putting out of order a number of 
consumers with serious emergency for the aircraft,  therefore,   the 
power systems should provide a protection against over-voltages. 

2. Direct-Current Power System with a Radial Supply Network. 

In fiß.   5.2 we present the block-diagram of the d-c power system 
with a radial single channel protected supply-lines. 

The principal sources of energy are two starter generators GSR- 
ST-6000 A,   in combination with voltage regulators R-25A, and differ- 
ential-minimum relay DMR-400A.  The auxiliary source of power is the 
storage battery 12-SAM-28. 

Fig.   5.2.     Diagram of  the d-c power system with a radial supply net- 
work. 

The system provides for a one-sided,  single-channel supply of 
the distribution busbars 21A,  23A,  33A,  41A,   42A,  and a two-sided, 
single-channel supply of distributing busbars 31A and 32A. 

During emergency conditions,  depending on the character of the 
damage,  the following phenomena may be observed: 

1. During breaks and short-circuits in the supply lines of the 
busbars, all the consumers connected to the corresponding busbars 
lose current. 

2. Short-circuit currents in the distributing busbars reach 800 
to 1500 A, and at the distance of 1 m from the circuit-breaker, 1500 
to 1700 A,  exceeding the breaking capacities of the circuit breaker. 
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3. During a short-circuit at point 1, both differential-minimum 
supply systems (103, 104) pass into the bell conditions, and the 
contacts of the differential-minimum system might stick. After 10 to 
12 seconds the TP-200 fuses operate and then the TP-400. The tran- ( ' 
sition processes are accompanied by a major voltage dip. After the 
fuses burn out, the voltage in the supply system is restored, and 
the power system is converted into two isolated systems with the dis- 
tributing busbars supplied from the corresponding generators. 

4. During a short-circuit at the 31A busbar, we observe the bell 
condition in the differential-minimum supply system. After 2 to 3 sec. 
the TP-200 fuse of this busbar burns out, and then busbars 32A and 
42A retain their working capacity, being supplied from the 102 gener- 
ator and 110 battery. If fuse TP-200 burns out first at busbar 32A 
and further at busbar 31A, then busbars 32A and 42A receive their 
supply only from the 102 generator. 

5. When there is a short-circuit at the 32A busbar, events occur 
which are similar to those mentioned in paragraph 4, and accordingly 
the working ability of busbars 31A, 21A, 23A, 33A, and 41A are re- 
tained, being supplied with power from generator 101 and battery 110, 
or only from the generator 101. 

Because of the short-comings mentioned, the power system does not 
assure a reliable uninterrupted power supply into the consumers under 
emergency flight conditions, and in this form is not recommended for 
use in aircrafts, however, the principle of radial feed supplied to 
the distribution systems of secondary consumers may be used in plan- 
ning. 

3.  Direct-Current Power Systems with a Main Power Supply Line. 

In fig. 5.3, we present the simplified circuit diagram of a d-c 
power system with a main, single-channel protected power supply net- 
work and reserved feed for the emergency distribution busbar 22B. 

The principal energy sources are two starter generators GSR-ST- 
12,000 in combination with voltage regulators RUG-82 and differential 
minimum relay DMR-400A. The auxiliary energy sources are two storage 
batteries, 12-SAM-28. 

The main distributing device has two busbars: the main 22A, and 
the emergency 22B. 

Under normal working conditions the 223 busbar is connected with 
conductor 115 to 22A busbar, but when the conductor breaks down, the 
22B busbar does not receive any power supply. When the voltage dis- 
appears on busbar 22A (break or short-circuit) the time relays 119 and 
120 are released, the conductors 117 and 118 operate, and the emer- 
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gency busbar 22B Is converted to feed from the reserve system (EGS; 
EG6). 

WORK OF THE POWER SYSTEM DURING CONDUCTOR BREAKS: 
1. When the El conductor breaks, the principal busbar 22A, is 

left without current, depriving of feed the corresponding group of 
consumers. The emergency busbar 22B is converted to feed from the 
reserve system. 

2. When wires E* and F" are broken, both generators are discon- 
nected from the system. 

WORK OF THE POWER SYSTEM DURING SHORT-CIRCUITS: 
1. When there is a short-circuit at the busbar 22A or wire El 

the fuse TB-400 operates. The main busbar is left without current. 
Busbar 22B receives feed from Lie reserve system. 

2. When there is a short-cU-cuit at the busbar 22B, conductors 
115, 117, 118 go into the "beir'-working conditions and are welded 
shut. The feeding of the busbars goes through wires El, EGS, and EG6. 
Fuses TB-400 and IP-100 burn out. Busbars 22A and 22B are deprived 
of current, leaving all the consumers without feed. 

3. When there is a short-circuit in point 1, fuse IB-2S0 at 
busbar 42A burns out. During small rpm, the short-circuit current 
of the generator is sufficient for burning out the IP-2S0 fuses at 
the generator. The differential-minimum supply systems DMS-400 go 
into the "bell" operating condition and their conducts may weld to- 
gether. The entire system, including the emergency system, remains 
short-circuited. 
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Fig. S.3. Diagram of a d-c power system with a main supply network. 
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4. When there Is a short-clrculc at point 3, the DNS of the 102 
generator Is disconnected; the latter continues to feed the short- 
circuited point. The IP-100 fuse burns out. The DNS again connects 
the 102 generstor to the system. 

5. When there Is a short-circuit at point 4, DNS-104 goes into 
the "bell" operating condition. The Ip-250 fuse burns out; the rest 
of the protective system may not operate, and in this cass the system 
will remain in the short-circuit state. 

6. When there is a short-circuit at point 5, the DNS disconnects 
generator 102 from the system. The generator operates to supply the 
short-circuited point. 

7. When there is a short-circuit at busbar 42A the battery unit 
goes out of commission. 

The introduction of the automatic reservation of the emergency 
busbar supply circuit makes the system more complicated and heavier« 
but does not assure uninterrupted feed of the consumer when there is 
a break or short-circuit in the wires and distributing busbars. The 
reserve wires ECf and EG6 are not used efficiently. 

4. Direct-Current Power System with Radial-Main Reserved, Protected, 
Supply Lines. 

In fig. 5.4 we give the simplified circuit diagram of a d-c systMi 
with a radial-main reserved, protected supply lines. 

The principal energy sources sre two generators GSR-12,000, oper- 
ating in combination with voltage regulators R-25A and differential- 
minimum relay OMR-400. The auxiliary energy source is the storage 
battery 12-SAM-S3. 

The power aupply system consists of primary and secondary dis- 
tributing busbarav The secondary busbars are in two sections, each 
section receiving independent feed from primsry busbars. A bilateral 
supply system for the feed line with fuses and contactors, the wlndingr 
of which are supplied from the line protected through protective auto- 
matic devicea and their switches, is provided for. 

Advantaaes. 1. The systsm is relatively simple with respect to its 
arrangement and providee for laying the wires Co the sections* dis- 
tributing busbars along different eidea of the aircraft, which improves 
eppreclably the vitality of the system. 

2. The distributing busbara 12A. 12B, 21A. 211, S2A, 321, supply- 
ing ths main maaa of consumers, are located in the crew's cabin, to 
aaaure convenience of preparation and operation of the systsm. 

3. The rsdial feed of the secondary distributing tiers, mskes it 
possible to sssure easily the selectiveness of their protective oper- 
ations. 
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4.  In case of a break or a short-circuit In the main feed line 
of Che secondary distributing busbar, the feed is automatically 
switched over to the operating line. 

EXAMPLE. When there is a short-circuit in wire Ell, the fuse 
IP-2S0 burns out, the conductor KM-200D is released, end conductor 
KN-2000 is turned on. providing feed to busbar 12A over channel E12. 

The switching-over to the other channel when there is a short- 
circuit in the wires of the remaining secondary distributing bus- 
bar B is similarly assured. 

Short-Comings. 1. When there is a short-circuit at busbar 12A 
there is a deep drop of voltage, which causes KM-200D to balk, re- 
sulting in the centering of the contacts. Thereupon conductor KM-20Cn 
operates and since the protective system is selective, IP-100 burns 
out. Busbar 12A is deprived of current, but the protection does not 
always operate selectively through the change in the characteristics 
of the fuses, when the short-circuit current passes. In this rase, 
both busbars are deprived of current. 

The processes during a short-circuit st other secondary distrib- 
uting busbars proceed snalogously. 

2. When there is a short-circuit at the S2A(S2B) busbar, the 
process occurs snalogously to the one marked in paragraph 1, moreover, 
it is possible that KM-200D would pop, and the 42A busbar would be 
deprived of current. 

3. In case of a short circuit in the wires w th the IB-250 nesr 
31A(32A), the DMR conductors will "flop". Fuse IP-2S0 then operstes 
and the "flopping" stops. 

4. In case of a short-circuit on busbsr 31A(32A) Che voltsge 
at the generator conducts decreases Co 0.8-1.6 v, ehe DMR goes into 
Che "bell" mode. A current of 500-575 A flows from Che generator. 
Che DMR conducts are welded and fuse TP-600 does not operate. The 
circuit remain« shorted. Fuses TP-400 burn out, disconnecting Che 
batterlo« from busbar 31A (32A). 

5. In case of a shorc-circuic in wire ECS, ehe DMR encers ehe 
"bell" mode, its conducts are welded and Che DMR and generacor are 
put ouc of order. 

6. In cam« of « short-circuit in wire EC1, ehe DMR disconnects 
the shorc-circuic currenC from the line, and Che generators continue» 
to supply the shore circuit point. 

7. A main mess of consumers, including power constaers, are fed 
from the discribucing busses of th« cr«v*« c«hln, which considerably 
lacfM—a  the w«ight of th« coneumers* wiring. 

8. Stabl« short-circuit curronts reach 1SOO-4000 A and re- 
prrnmt « ».nou« fire danger. The meximum currene valu«« «r« in th« 
haecary bu««««. 
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CONCLUSIONS 

1. The System has high survival and reliability characteristics 
for the distributor devices due to the two-sided protection, reserved 
power switching and placement of connectors In various sites. 

2. In case of a short-circuit In the busses of the distributors, 
the contacts go Into the "bell"mode, leading to melting of contacts. 

3. The greatest fire danger result» from a short-circuit on the 
primary distributing busses. 

The system lias high survival ability and reliability in comparison 
to others analyzed, but the defects noted, limit its range of applic- 
ation. 

S. Direct-Current Power System with Combined, Unprotected Supply 
Network. 

Figure S.S shows a diagram of a power system for d-c with combined, 
unprotected feed network, including elements of radial main line and 
closed circuits. 

The principal power sources are four type GSR-18,000 generators 
in combination with a RUC-82 voltage regulator and a DMR-600 differ- 
ential-minimum relay. 

The reserve power supply is a type 12-SAM-53 battery, which can 
be connected to the main or emergency network. 

The power system conalsts of two supply lines: 
1. The principal system, including the main, multi-channel un- 

protected ring with the primary distribution busbars and the radial 
system with secondary distribution busbars. 

2. The emergency system of the radial unprotected type. 

Advantages. 1. The closed, multi-channel arrangement of the prin- 
cipal system provides for the uninterrupted power supply to consumers 
when their wires are broken at any point of the supply ring. 

2. When the generators go out of order the 22B and 24B distrib- 
uting busbars are connected manually to the storage battery, which 
provides power supply to instruments and small capacity consumers of 
the control system. 

Short-Comings. 1. When the generators are short-circuited the 
voltage at their terminals drops to 0.8-5.0 v. 

2. When there is a short-circuit at the generator-OHR sector, 
the generator is disconnected from the system and supplies the short- 
circuit point. 

3. When there is a short-circuit at the DMR-system sector, the 
DMR goes into the "bell" operating conditions, their contacts are 
welded to one another and the short-circuit point is supplied from all 

- 213 - 

• « 



'iXMit 

! *    !! /» ■■ §\\t ' SWC^j r 

Flg.  5.5. Diagram of the d-c power supply system with combined un- 
protected power supply lines. 
Key: 1. normal, 2. emergency. 

the power supply sources. The entire system becomes short-circuited. 
4. When there is a short-circuit at any point in the ring or 

radial lines, and also at the distributing busbars, the phenomena 
mentioned in paragraph 3 take place. 

5. When there is a short-circuit at the sectors of the power 
supply system, which are at a considerable distance from the feed 
sources, the voltage at the generators' terminals does not drop below 
5 v, and the DMR conducts to not "pop", however, the system is short- 
circuited. 

6. Due to the large total power of the energy sources, the 
established currents during metallic short-circuits, reach 5,000-7,000A. 
Such currents are extremely dangerous as a fire hazard for the electric 
power system and the aircraft as a whole. The enormous short-circuit 
currents increase the probability of origination of a fire during 
the alternating short-circuits also. 

7. The emergency system is built without protective devices and 
possesses short-comings which are inherent in the main system. 

CONCLUSIONS 

1. The principal system is not protected, it has a considerable 
length, which is the cause of its easy vulnerability during short- 
circuit«. 
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2. During any kind of short-circuit the system goes out of 
order and a fire is possible. 

3. The system retains its vitality only when the wires are 
broken without the short-circuit, but this type of damage is highly 
improbable. 

4. The presence of an emergency system increases somewhat the 
reliability of the power supply, however, the short-circuit takes 
out of commission even the emergency system. 

6. Direct-Current Pow«r Systems with Angular, Multi-Channel, 
Protected, Power Supply Systems.* 

In fig. 5.6 we present a diagram of a d-c power system with an 
angular, multi-channel, protected power supply line. 

The system has a two-channel protected primary ring with primary 
distribution busbars 41A, 42A, 43A, and 4AA, located in the corres- 
ponding central distributing systems, and secondary multi-channel 
protected rings with distributing busbars 21A, 21B, 21C, 22A, 22B, 
and 22C, located ^n the corresponding secondary distributing systems 
RU 21 and RU22. The quantity of the primary and secondary distributing 
devices is determined by the conditions of the lay-out and location 
of the sources and their consumers of electric power. 

The principal sources of power are the four starter generators 
(Gj- Gif). The generators deliver energy to their own main busbars 
A, which are the primary distributing points in the system. 

The batteries serve as reserve sources and are connected directly 
to their own busbars B, which are connected with the main busbars of 
the generators, by means of conductors. The battery busbars 42B and 
44B are connected also with the emergency busbars 21C and 22C. 

Under normal operating conditions, all the distributing busbars 
receive feed from generators, the batteries are being rescharged from 
the power lines and at the same time are serving as a damper for re- 
moving brief peak-loads. 

The angular multi-channel feed system preserve practically the 
viability of the system to the last energy source during multiple 
short-circuits and breaks in the feed lines. It is precisely for this 
reason, that in this diagram the role of the emergency system is re- 
duced only to work under extreme conditions, i. e., during the failure 
of all the generators, when only the batteries are the only energy sources. 

* Developed by the author in 1950 - 1953. 
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Flg. 5.6.  Diagram of a d-c power system with a manual, multi-channel 
protected supply network with four generators. 

When all the generators fall (a case which is little-probable in 
actual practice) the especially important consumers, which are in- 
dispensable for landing or continuing flight (if the aircraft engines 
are working), switch over automatically to feed from the emergency 
busbars B, i.e., directly from the batteries. 

The emergency busbars B in many secondary distributing devices, 
receive their power supply through one of the main channels directly 
from the battery busbars. The emergency busbars are disconnected from 
the main system automatically by means of a voltage relay, tuned up 
to the rated voltage of the main busbar of the generator, or manually 
by setting the battery-switch into the "emergency conditions" position. 

A similar system may be successfully used in medium and heavy 
aircraft with any number of aircra t engines. 

In fig. 5.7 we present a circuit diagram of a d-c power system 
with angular, multi-channel, protected, power supply lines with two 
starter generators. The principle of these systems' design is ana- 
logous to the ones examined. The primary busbarc of CTS11 and CTS12 
are separated into sections and connected to the common power supply 
line. Under emergency conditions, the B-busbars are disconnected 
automatically or manually by the conductor? from the A-busbars, and 
In this case the batteries will supply only the emergency busbars. 
The system may be used successfully for an aircraft with one or two 
enlnges. 
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Fig. 5.7. Diagram of a d-c power system with angular, multi- 
channel, protected, power supply system with two 
generators. 

In fig. 5.8 we present a circuit diagram of the d->c power system 
with an angular, multi-channel, protected power supply system with 
two starter generators and reservation of the emergency system. The 
system is analogous to the one given in fig. 5.7. To supply the em- 
ergency busbars under emergency conditions, the reserve wires are 
used, which results in an increase of the system's weight, therefore 
the use of reservation is permitted only for aircraft which have 
specific operation conditions. 

In angular systems, to supply the busbars of the secondary dis- 
tributing systems, serving the auxiliary consumers, the use of 
radial, protected power supply lines is permitted. 

The angular, multi-channel protected power supply systems, as it 
has already been noted, assure the highest reliability and vitality 
under normal and emergency operating conditions of the power system, 
and are the most promising for the aircraft in the design stage. 
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Fig. 5.8. Diagram of d-c system with an angular, multi-channel, 
protected, power supply system with reservation of the 
emergency system. 

Section V.  Primary Alternating-Current Power Supply Systems. 

Chapter 1. General Information on Alternating-Current Power Supply 
Systems. 

1.  Specific features of Alternating-Current Systems. 

""he continuous growth of the speed and flight-ceiling, the in- 
crease of capacity and variation in the character of the consumers' 
work, makes it necessary to use a-c as the principal type of electric 
energy in the primary power supply systems. The analysis of the 
electrical equipment systems of aircrafts indicates that about 95% 
of electric power consumers can operate with alternating-current. 

The use of alternating-current with a voltage of 200/115 v, in 
comparison with direct-current with a voltage of 27 v, yields a number 
of advantages: 
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1. The weight of electrical equipment on the aircraft decreases 

by about 30% to the simplification of the design, reduction of the 
dimensions and weight of the generators, transformers, power lines, 
part of the consumers, and the cooling system. 

2. The reliability and quality of electric power supply to the 
consumers is raised through: absence of collectors and contact rings 
at the generators and electric motors, elimination of rotating con- 
verters for supplying the radio-electronic and navigation equipment, 
increase of the flight ceiling, decrease of the total number of reg- 
ulators and increase of regulation precision. 

3. The technical-economic Indices are raised through the increase 
of service life of the work-period provided for by the regulations 
and decrease of the weight. 

4. The maximum power of the generators Increases. 

5. The voltages Increases, which makes it possible to reduce 
the weight of the system and simplify the conversion in order to ob- 
tain the optimum voltage for the consumers. 

6. The transformation of energy from the direct to the alter- 
nating current is simplified due to the use of semi-conductor recti- 
fiers, which improve the reliability of the secondary power systems. 
In this case the capacity of the transformers into the direct-current 
does not exceed 5% of the installed capacity of the alternating-current 
and Is carried out with high efficiency (0.8-0.9), whereas in the 
system of transformation of d-c into a-c about 20-30% of the power is 
transformed by the electrical machine transformers with lower ef- 
ficiency (0.^. mt^- 

7. The short-circuit current value decreases in comparison with 
d-c units of the same capacity. 

8. The radio-reception noise level is lowered because of the ab- 
sence of collecting devices. 

The a-c system has also a number of short-comings: 
1. Depending on the operating conditions of the aircraft engine 

the rpm of the generators varies within limits of 1:3, which results 
in deviation of the frequency within the same limits. Electrical energy 
with unstable frequency does not meet the requirements of all the 
consumers. 

2. In order to obtain a-c with a stable frequency it is necessary 
to have constant speed drives, which are installed between the air- 
craft engines and generators and provide the constancy of the gener- 
ators' rotation. The presence of an intermediate element results in an 
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Increase In weight and reduction of the reliability of the system. 
3. It Is Impossible to assure parallel work of the generators 

which are driven directly by the aircraft engines. 
4. It Is difficult to turn on the generators for parallel work 

and maintain It In connection with the necessity for a strict ad- 
herence to the equality between the rpm, coincidence of phases, and 
voltage values of the generators. 

5. The uniform distribution of active capacities between gen- 
erators operating In parallel. Is possible only by acting on the 
generators' drive. I.e. by regulating their mechanical capacities. 

6. It Is difficult to regulate the rpm of asynchronous motors. 

Thus, In spite of certain short-comings a-c with a voltage of 
200/115 v with respect to the reliability and weight has undeniable 
advantages over 27 v d-c. 

2.  Principal Technical Requirements to A-C Power Systems. 

The technical requirements to d-c power supply systems, electric 
power lines, and power systems, extend almost entirely to the a-c 
power systems. 

single phase - not less than ^^at-j. and 

Let us note certain specific features: 
1. The shape of the voltage curve should differ from the 

sinusoid by not more than 5X. 
2. The efficiency should be at its maximum under the operating 

conditions. 
3. The total resistance of the generator to the inverse sequence- 

current should be not more than 0.2 decimal unit. 
4. For a confident operation of the protective system, the short- 

circuit current should be: 
symmetrical three-phase - not less than 3Irat j. 

5. The precision In maintaining the frequency during the load 
changes from 0 to rated, with a drive without corrector, is + 
(1-2)5; and with a corrector ♦ (O.l-DX. 

6. The non-uniformity of distributional active and reactive 
loads between generators operating in parallel should be not over SZ 
of the rated load of a single generator. 

7. The accuracy in maintaining voltage during changes in the 
symmetrical load from 0 to the rated load is + 1-2Z. 

8. The non-uniformity in the phase-load of the generator should 
not exceed the phase capacity, and the voltage deviations of in- 
dividual phases from one another should not exceed 3Z. 

9. The control equipment should provide manual swltc'ilng on of 
the automatic equipment during the separate and parallel work of the 
generators, automatic asynchroniiation and disconnection of gener- 
ators, when they go out of synchronism and in case of all types of 
faults. 
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10. The protectIve «qulpaent should provide the follovlnt pro- 
tection to the power supply syeteaet 

ft       e)  agalnet voltege locteeee to above 22W S v with an Invaraa- 
relation volt-secood charectorlstlca; 

b) agalnat voltage drop below 180^+ S v with a lag of i + 0.5 aac; 
c) during devletloo of the frequency by ^ISX fro« the rated 

frequency with a lag of S sec; 
d) agalnat over-excltatlon end under-eacltatloD; 
a)  against ell types of short-circuits Inside the generator or 

Its feeder without a tine lag. The protective systen ehould not oper- 
ste during a through-short-circuit current of up to 6Ir-. .; 

f) during ell types of short-circuits In the asln lines or dis- 
tributing busbars of the power supply syste« with sn Inverse-relation 
volt-second character 1st 1c«; 

g) during ovsr-loads of the generstor In csss of non-unlfom 
distribution of ths sctivs or reactive cepaclty; 

h)  during the conversion of the generator to the aolor con- 
ditions due to a reduction of the rp« of the drive; 

1) during deviations of the rate of rotation of the drive above 
the permissible speeds. 

11. A control sppsrstus should be provided for; a voltaeter, 
trequencv-meter, end wstt-neter. which noraally show the sctive capacity 
end when the button is pressed, the reactive capacity, and aleo pres- 
sure and tetaperature indicators of the hydreulic fluid or air uaed 
for supplying the constant speed drive. 

12. The signaling equipment should produce a signal on the "gen- 
erstor fsilure" leap when any type of protective device operates, 
and to the "non-parallel work" las^> when the generator goee out of 
synchronisa. 

Allowances for Individual parameters are given tentatively and 
should bs rendered more precise during the developaeot of the specific 
systea. 

3« Selection of the Main Paraneters of an A-C Power Systea. 

The advantages of the use of sn a-c power aupply »v tm are cauaed 
Co a large extent by the correctness of the selection of its prin- 
cipal paraaeters: nuabsr of phases and their coabinations, voltage, 
and frequency. 

Nuaber of Phases 

Upon conversion to a single priaary a-c power supply systea, the 
consuaers (•apecially with a capacity of over 0.S kwA) should be asd 
three-phase, since they provide for a unifora load of the phasaa and 
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d«cr«M« th» 6tT— of mtymmtry of phaa« In llM«r volcagoo. 

la chc chroo-phoM «ytcco th§ dotr«o aaymmtry c t« character- 
iaod by tha ralaclooahlp hactMoa tha    lavaraa ralacloa cageaaca 
0} aad tha dlracc aoquaaca volcaaa Uf aad «houltf aot ascaad 4X, t.a.» 

« • a* • 100S < 4X. 0i 

..    8; Hi 
,«vi nil »ft in i f 
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fit» l»l« Oapaodaoca of Cha dagraa of a 
for varioua atagla-phaaa loada. 

Cry on /. 

Tha aataac of volcaga aayHMtry depend« on cha raalstaoca of cha 
ganaracor Co Cha invaraa ralaclonahlp currmc. aad alae«Co Cha ra- 
aiacaaca and naCura of cha load« having cha aaxlaua valot for Cha 
capacity load and Cha alnlaua for Cha Inducelv« load. 

In fig. 1.1 wa praaanc cha ralaclonahlp of cha dagraa af ••y»- 
■acry of tha Chraa-phaaa gaoarator'a voltaga to tha raalatanca to ita 
Invaraa ralatlonahlp currant for varioua slagla-phaaa loada (100, 67, 
50, aad 2SS of Cha ratad phaaa capacity). 

Proa thia cunra va can •««. that tha liaitatiooa of tha dagraa 
of voltaga aayaMtry liait proportlooally tha valua of tha raalatanca 
to tha lavaraa ralatlonahlp curraat. la actual practica fg ia aalactad 
not graatar than 0.2 daclaal unlta. \ 

Tha lacraaao of tha voltaga aayanatry abova 41 cauaaa tha a?- 
paaraoca of a flvld rotating la tha oppoaita diractloa la tha aayo- 
chronoua aotora, which raaults la a dacraaaa of tha rotating aoaant 
at Cha «otor'a ahaft, iocraaaa of loaaa«, and dacarioracloa of powar 
Indlcaa. 
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A prolonged of cbrM-phM« smvracort undvr a ooa-ay«HCriCAl 
load !■ pamltcad. If th» curraots in cha phaaaa do not locraaaa 
the ratad valua, and chair dlffaraoca doaa not ascaad 10-20X of cha 
racad curranc of cha phaaa. 

Tha capaclcy of Cha chraa-phaaa curranc consular« aanunca Co 
•bout 90X of Cha Inacallad capaclcy of Cha conauaara. Tha rasalnlng 
■Inor ona-phaaa conauaara ahould ba dlacrlbucad unlfonily accord- 
lot Co Cha phaaaa. caking Into account chair alaulcanaoua connec- 
tion. Thl» aakaa It poaalbla« Co racaln In accual pracdea Cha ays- 
■acry of cha phaaa volcagaa, and In chla uay aaaura cha high quallcy 
of powar supply Co cha cooat 

Tha nuabar of chraa-phaaa currant consuatra Incraaaaa appreciably 
Co Cha uaa of thraa-phasa nocora, which hava baccar ualghc and powar 
Indlcaa chan cha alngla-phaaa aocora of cha aaaa power. 

Aa Cha principal a-c ayacaa 1c la advlaabla Co adopc chc chraa- 
phaaa ayacaa wich a groundad power naucral. In Chla caaa cha alngla- 
phaa« conauaara nay ba connected Co cha linear or phase voltage. 

Voltage 

In aaiacdng cha valua of Cha raced volcaga and lea colarancaa* ic 
la nacaaaary Co cake into account a nuaber of faccorat 

1. LaagCh of Che power ayacaa and value of Che power tranaalt ted. 
2. Tha conauaars* feed volcaga. For Cha aaJorlCy of Cha con- 

euaera IC la Cha aoac expedient Co uaa Cha 200 v volcaga for aoaa 113v 
and only for an insignificant nuaber of conauaera (about 2%  of Cha 
total capaclcy) volcagaa of 1S( 27, 36 v, and ochara. 

3. Tha reliability of cha ayacaa*s work under condition» of 
auperaonlc and high-alClCuda flighCa. Tha incraaaa of Cha a-c volcaga 
up co 200 v pracdcally doaa not iapalr cha conductivity of awlcch- 
ing and arc axdnguishing in coaparlaon wich d 1 race-curranc. 

4. Tha safety of cha ayacaa for Cha oparadng paraonnal. A d-c 
volcaga of 27 v and an a-c volcaga wich a frequency of 400-2,000 cpa, 
not above 40 v la conaldarad aafa. There!or.. wich Cha uaa of Cha 
alcarnadng curranc wich a volcaga of 200/113 vt raaoca control ahould 
ba uaad wich a volcaga noc over 27-30 v at Cha coocrol panala. 

5. Ualghc of cha ganaratora, awlcchlng, and dlacribudng aquip- 
aanc. 

6. Slta of Cha short-circuit currents. 
7. Power quallcy and loaaa«. 

Today under all Cha oparadng coodiclona. cha d-c ganaraCora aa- 
aura cha volcaga varladon wichin cha llaica of ♦ 22 of Cha racad 
volcaga. However, froa conaideradooa of laprovaaanc of powar aupply 
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qualii ' «nd ainlaua lo*MS In th# poiMr HIMS» Chls Colaranc« should 
b« r«duc«d Co « v*lur of not aor« than ♦ IX. 

Tho racod vol'.ag« at Cha eonauaara* Camioala Uc.racad nnd cha 

colaranca for Chla volcaga i% dacamlnad by cha ratad voltaga of cha 
ganaracor Vg,rmfd*  t,>c tolaranca for lea volcaga ♦ tlig  and Cha 
voltaga loas in Cha powar aytcan AUt 

uc.racad " "g.ratad ± AÜg - Aüg. 

The maxlmuB volcaga M  cha conauaara* Ceralnals 1« poaalbla wich 
Cha upper colaranca of Cha ganaracor volcaga (+AUg) and by connaedon 

of cha conauaara Co Cha point of connaedon of tha voltaga regulator 
(AU, - 0): 

üc.«w. • "g.racad * AV 

and Cha racad volcaga. wich cha lowaac Colaranca of cha ganaracor'a 
volcaga (-Aüg), and connaedon of ehe conauaara ac Cha poinC which ia 
aC Cha aaxiaua diaCanen froa Che point of connaedon of Cha volcaga 
ragulacor. and wich cha aaxlaua load capaciCy, connected In cha power 
Una axaainad (AU, - AUC>BAX): 

uc.ain. " "g.racad - Aüg - AU,.,,^. 

Tha Colarancaa for volcaga fluctuations ac Cha conauaara* cera- 
inala ara dacarainad in cha following way: 

♦ AUC - Uc..^.- Vc.tmfd  " "g.racad ♦ AUf - »cracad 

• ^c " "c.aln - "c.racad " Ug.racad " Aüf - AU, mu -Uc.racad- 

Proceeding froa Cha experience in Cha ayacaa of Cha three-phase 
a-c wich cha grounded power neutral, wo adopt aa ehe racad volcaga: 
in gaoaracora 200/120 v ♦ 2-1X and in conauaara 200/115 v ♦ SZ, aa 
ac ooea aaadng aoac auccaaafully Cha cocalicy of all cha require- 
aanca wich raapacc Co Cha waighe of Cha power ayacaa, cha electric 
aachinaa, alaecrical things of inauladon* roliabillcy and operadng 
oafoey. 
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The  36, 76,  13 and other voltaftst arc obtained fro« the basic 
voltage by aaans of transforaera or automatic tranaforaera. In order 
to Increaae the quality of the output voltage, the tranaforaer should 
b« connected to the buabara, fro« wMch the aenaitlve eleaentt of 
the voltage regulators receive their power supply. 

Frequency 

The outalde diaenalona, weight, and technical characteristics of 
the aajorlty of slectrical-ayate« elements depend to a great extent 
on the frequency of the alternating-current. Optimum fiequency values 
exist for each element. 

However, Individual frequency t:ansforraatIon may be resched only 
by neana of complicated, heavy, and cumbersome rotating machines or 
ferro-magnetic frequency multipliers. Therefore, it Is more rstionsl 
to have a single frequency, which is optimum for the entire a-c system 

The criterion for the selection of the optimum frequency for a 
power system, we may adopt the mlmlnum weight of individual elements 
and the entire electrical equipment of the aircraft. 

The principal elements are: electrical machines, power trans- 
formers, radio equipment, and wires of the aircraft's power system. 

Let us examine the effect of frequency on the weight of individual 
units. 

The generators with electrical excitation have the optimum fre- 
quency of 300-500 cps, while those excited by permanent magnets have 
a frequency of about 800 cpa [1]. 

We should note thereupon the change of frequency by the same value 
the weight changes differently depending on the rpms of the generstor. 

The electrical mechanisms are the largest electric power con- 
sumers and they occupy a considerable place in the weight of the 
electrical equipment. But they, as a rule, operate for a short period 
Of time. 

The most numerous and important are electrical mechanisms of the 
rotating type. The mechanisms which i ntrol the vitally important 
units, are built with a high rellabiliry through the use of two electric 
motors, operstlng in parallel for the single reducing gear. When one 
motor goea out of order, the second fulfills successfully all the 
functions with a reduced rate of revolutions of the output shaft of 
the mechanism, using the differential in the reducing gear. Among these 
unite are mechanisms, controlling the allerona, stabilizes, chassis 
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and a number of other«. The weight of two aotora aaount* to S0-5SX 
of the entire weight of the Mchanlaa. 

The greacas.. decrease In weight with a frequency of 400 cpe and 
rate  of rotation ot  8,000-12,000 rpa amount» on the average to about 
30Z In coaparlaon with direct current. 

The Increaae of frequency above 400 cpa result« In a conelder- 
able Increaae In the weight and decrease of the efficiency and cos *. 

The above pertains also to electric aotors operating during long 
perloda of tine. 

In this wsy, for electrlcsl aotors opcrstlng st ths rste of 
rotstlon of 8,000-12,ooo rpa, 400 cps Is ths optlauai frequency 

( i 

In transformers, the weight and the outslds dlasnslons are reduced 
with the Increase of the frequency. When the frequency chsngss fro« 
400 to 2000 cps, ths weight of low power trsnefonwrs is rsducsd by 
one-half and ths power transformers by 1.3 tlass, sines ths Istter 
srs made with greater loada for the active materials than ths low 
power ones. 

With s higher frequency the efficiency of the transformer increases 
somewhat (up to 10X with 2,000 cps) sines ths reduction In the dlasn- 
slons. In spite of the Increass of specific loss In Iron, results In 
s decreass of the loss In copper and Iron. The dispersion and activity 
dscrsssss and the stability of the output voltages Increases. 

RADIO AND RADAR EQUIPMENT 

The frequency change affects the electric motors, potentlo-meters, 
revolving transformers, relsys, power transformers, condenser, filter 
choke coils, and a number of other elements. Power transformers have 
the greatest weight among their.. 

In rotating transformers the change in frequency from 400 to 2,000 cps 
Increases the error in the reproduction of the sin-cos law and the 
change of the phase shift. Therefore, in spite of the possibility of 
reducing the weight and dimensions of rotating transformers, their con- 
version to a higher frequency is inadvisable. 

The somothing-out filters of the ft>ed units and choke coils, con- 
sisting of L snd C elements, lose weight with the increase of the 
frequency. 

In this way, upon the increase of the frequency, the insignificant 
gain in weight of the ra4io equipment through transformers and their 
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filters lowers appreciably the output parameters, which determine 
ehe quality of the work. Consequently, It Is advisable to retain 
the 400 cps frequency. 

For InstruBents and autonatlc devices, which include gyroscopic 
devices, magnetic aapllflers, potentiometers, rotating transformers, 
coaputlng equipment, capacitance and Inductive sensors, relays, low 
power electric motor«, operating In tracking eystems, as It Is in- 
dlcaCad above. It la not advisable to raise Che frequency above 400 
cpe. 

Magnetic capacitors, reducr appreciably Che weight dimensions 
with the Increase of the frequency, similarly Co Che transformers. 

Wich Che 400 cpa frequency chey have a considerable weight, ap- 
proalascely 100-130 g per 1 w of output power. The Increase In fre- 
quency results also in ch« dncreaae of Che time-constant of the 
capaclcor. The fend of aagneclc capacitors should be taken fron Che 
•sin power line through frequency multipliers. In general, the in- 
• irur- -.i equlpaenc snd Chelr automatic devices, when Chey are con- 
verced Co a higher frequency, will have Che sane weight as when Chey 
use a 400 cps frequency. 

THE SWITCH INC EQUIPMENT. 

A change In Che a-c frequency affects Che arc extinguishing pro- 
cess at Che equipment's conducts. The arcing time in the 400-600 cps 
frequency band is Che minimum. In this frequency region, Che increase 
in voltage aC Che contacts after the arc has been arrested, proceeds 
slower than restoration of Che electrical strength of Che air in Che 
arc gap, Cherefore, having been quenched after the first passage of 
Che voltage through 0, Che arc does not form again. 

The optimum frequency for  the switching equipment work is 300- 
600 cps. 

THE WIRES OF THE POWER SYSTEM ABOARD THE AIRCRAFT. 

With Che increase of the a-c frequency the active resistance of 
the wires, because of the displacement of Che current Increases. 

This results in an increase of a voltage loss in the conductors 
and proportionally to the increase of the power lines' weight. 

Wires with a cross-section of up to 10 mm2 admit a considerable 
frequency increase without a noticeable resistance increase, while 
wires with a cross-section of 50-95 nun2 even at the 400 cps frequency, 
increase their resistance by 10-15Z. 
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A curve giving the example of the change In weight 
elements and the entire electrical equipment depending 
quency is shown in fig. 1.2. 

ii 
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Fig. 1.2.  Curve Of the change in weight of electrical equip- 
ment, depending on the frequency. 

1. Electric motors 
2. Generators 
3. Main weight of electr. 

equipment 

A. Wires 
5. Radio equipment 
6. Power transformers 
7. Cps. 

FREQUENCY STABILIZATION PRECISION. Consumers may be divided into 
four groups with respect to the frequency stabilization precision re- 
quired for their work. 

1. Consumers, indifferent to frequency stabilization, such as 
devices against ice formation, heating of equipment, crew's equipment, 
lighting, and similar types of electrical equipment. 

2. Consumers, permitting a rough frequency stabilization within 
the bounds of + 5-10%. Among them are radio communication and radar 
equipment with respect to the main power used by them. 

3. Consumers, requiring precise frequency stabilization, of 
about + 1-2%. Among them are a wide variety of automatic, regulating, 
and computing devices, navigation instruments, and other equipment, for 
which the frequency stabilization precision worse than + 1-2%, is in- 
admissible, because of the increase of the scattering of their out- 

put parameters. 
Frequency stabilization precision not below + 1% is also neces- 

sary for synchronizing the generators working in parallel. 
4. Consumers, requiring precision frequency stabilization, of 

about 0.05-0.005%. These are mainly the navigation- and computing de- 
vices, which have elements, by means of which it is required to syn- 
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o 
chronize rotation with high precision, perform integration and dif- 
ferentiation operations,  such as for example,  synchronous motors in 
astro-navigational systems, which account for a time and distance. 
Due to the sufficiently long period of their work,  the integration 
error with inexact  frequency stabilization increases appreciably. 
The quantity of such devices is not large,  and the power consumed by 
them is low. 

Thus,  in order to obtain optimum weight and work reliability 
parameters for the entire electrical equipment in the main a-c power 
system, we should adopt as the rated frequency 400 ops with a stab- 
ilization accuracy of + 1%. 

Consumers,  requiring precision frequency stabilization (0.05 - 
0.005% cps) should receive their power supply    from special con- 
verters. 

CONCLUSIONS 

In. the primary a-c power system it is advisable to adopt the 
following basic parameters: 

1. Three-phase system with a ground power neutral. 
2. Generator voltage of 208/120 v + (1-2%). 
3. Consumers voltage 200/115 v + 5%. 
4. Frequency 400 cps +  (0.1-1%). 
5. It is advisable that consumers with a capacity of more than 

0.5 KvA would be of  the three-phase type. 

In this case the single-phase consumers with a voltage of 115 v 
are supplied with power from the main power line using a power 
neutral.  Consumers with a voltage, diflering from the main one,  are 
supplied through transformers.  The precision frequency consumers 
are supplied from special converters. 

4.     Classification of A-C Generators. 

A-C generators are classified as:  synchronous with electro-magnetic 
excitation, magneto-electric with excitation from permanent magnets, 
and inductor generators with electro-magnetic excitation or excitation 
from permanent magnets. 

Synchronous generators with electro-magnetic excitation are made 
as a rule with Internal sharply expressed poles,  and are the prin- 
cipal sources of energy in the primary and secondary electric power 
systems. 
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Magneto-electric generators are used as exciters of  synchronous 
generators and the transformer generators In the secondary power 
systems.   Their principal merit  Is their high reliability,   simplicity 
of design and servicing  (because of the absence of sliding conducts, 
brushes,  and rotating excitation winding).  Independent action, and 
high efficiency  (because of the absence of loss for excitation In 
the  sliding conducts). 

O 

Inductor generators are used mainly In convertors   of  the MA type. 

THE  SYNCHRONOUS NON-CONDUCT GENERATOR WITH SELF-EXCITATION.  In 
recent years, for aircraft power systems, non-conduct a-c generators 
were developed, which Include three main elements:  sub-exciter, ex- 
citer,  and generator.  The possible variation of the circuit diagram 
of a non-conduct a-c generator Is given in fl^.   1.3. 

1) 

3) 

4) 

PezijMimop uanpumtHUi 
CHPM 

5) 

J^L       _zr"^._ — — —-t-; I  

^ 6) 7) 

Fig. 1.3. Diagram of a non-conduct synchronous generator with 
self-excitation. Key: 1. aircraft power system, 2. 
voltage regulator with IRM, 3. stator, 4. rotor, 
5. generator, 6. exciter, 7. sub-exciter. 

The sub-exciter consists of a machine with excitation from per- 
manent magnets, which are located on the rotor. The sub-exciter 
generates a small, single-phase (or three-phase) power with a fre- 
quency of 1600 cps (or 800 cps), which is used for supplying the 
control, regulation and protection equipment. 

The excitation winding of the exciter is placed In the stator, and 
obtains its power supply from the sub-exciter through a rectifier. 
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The exciter's rotor has a multi-phase winding, connected through 
Osillcone rectifiers with the rotating windings of the excited main 

generator. 

The a-c  energy with a frequency of 400 cps  is removed  from the 
windings of the main generator,  located on the stator. The non-conduct 
generator does not have conduct-rings and brushes. 

The above described excitation system Imparts to the generator 
an exceptionally high stability, while the use of the sub-exciter 
and exciter makes it possible to select the optimum operating fre- 
quency of  the stabilizer and reduce substantially the length of the 
transition processes  in the entire system. 

The principal  technical data of  the three-phase a-c generators 
are given in table  1.1. 

Chapter II.     Constant  Speed Drives. 

1.    Classification and the principal technical requirements for 
constant speed drives. 

Depending on the flying conditions,  the rate of rotation of air- 
craft engines varies within wide limits  (in TVD 1 - 1.3,  in TRD 1 - 
2.8).  In this case,   the speed of the generators driven by the air- 
craft engine through the usual mechanical reducing gear, also varies 
within these limits. 

The rate of rotation of the generator is stabilized by means of 
a constant  speed drive   (CSD),  which the connecting link between the 
generator and the aircraft engine,  regulating smoothly the trans- 
mission ratio between the aircraft engine and the generator. 

With respect to their operating principle   the constant speed 
drives are classified as mechanical,  hydraulic,  pneumatic, and elec- 
trical,  and with respect to the branching of  the flow of energy, 
transmitted  from the aircraft engine to the  generator into simple 
and differential. 

In a simple drive the entire energy taken from the primary motor, 
is first transformed qualitatively and transmitted in only one di- 
rection,  from the primary motor to the generator. 

In the differential drive,  the mechanical energy,  taken from the 
primary motor,   is transmitted to the generator in the way:     directly 
without transformation through the mechanical  reducing gear with a 
high efficiency and with qualitative  transformation through a reg- 
ulator.  This part of energy may vary with respect  to value and also 
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i. C«fMracor typ« 
2. MMfd data 
3. Pow«r ffttmt KvA 

4. Voltag« U.  v 
5. Current I« aapar« 
6. tf4 n, rpm •  10* 
7. Fr«qu«acy cp« 
8. Esclcatloo 
9. U«lthc kt 

10. C/Prat#d.  kc/KvA 
11. flitnt cdlin« H bi 
12. Air CMMUHptloa «nd 

pr««Bttr«. 4BVMC 
■ H. o. 

11. 
u. 
IS. 
16. 
17. 
IS. 
IS. 
20. 
21. 
22. 
21. 
24. 
* 

Otavosloo« 
Dimmtmr, m 
l.rnKtl..   ■■ 

Muabvr of pol«« 
Winding connoctton 
Mgttlocinf o^ulpaont 
Voltag« r«gul«cor« 
Control and rogulntlon bos«« 
fr«claloo voltag« r«gttlatlo« 
frotactloo «g«lnat nvor voltog« 
Out «Id« r««t«tane« 
S«lf-«acltatlon 
Star with «aro conductor 
Zaro conductor load not nor« than IS 

of rat ad g«n«rator pouar 
± IS with pracUion fr«g«ancy r«g- 

ulatlon eyataa. 

«1th raapoct Co dlroctlon. Aa tha r«guUc«d flow of «norgy M« can 
««a tha nochanlcal «nnrgy, tran«fonwd Into hydraulic or alnctrtcal 
anargy, and «Ino conproaaad air, takan fro* th« aviation «ngln««(co*- 
pr«««or. 

Th« gonvral «quatlona for tha dlff«r«ntlal drlva ar« 

' • M 'pi 

whrrc  P,, and n^    - 

Pp and np 

P and n 

ara th« powar and rata of rotation at tha Input 
Into tht dlff«r«aelal at tha nachanlcal craaa- 
•laalon «haft; 
ara th« powar and rata of rotation at tha Input 
Into tha dlffaranttal on tha ragulaclng ahafti 
ara tha po««r and rat« of rotation at th« g«n«r- 
«tor'« «haft. 

Th« rationality of ualng on« or anothar typ« of drlv« (uh«th«r 
•lopl« or dlff«r«ntlal) d«p«nd« on a nuabor of factor«:  tha ranga of 
th« rotation rata, and th« «ystaa of «carting of th« aviation «ngina«, 
power and place of Inotallatlon of th« g«n«r«tora, «lactrlcal aupply 
«y«ta«i and others. 

In tha technical «peclfIcatIon« th« drlv« 1« affactad by: tha 
type and form« of anargy for rotating and ragulatlng, th« r«gulatlng 
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prlaclpU. eh« Ml« prop«rcl«t Md technical äst», typ— of con- 
trol prococtloo «ad •ItMlltotioo during Mranl «nd Mnrgoney 
Morktnt condttloM. 

HAIM ptoratTiu or rm mm. 

1.   Tho pownr ntould b« coMiMurnbU with cho g«Mr«cor*t 
iity. 
2*   UM ovvrlond cnpncliy «hould corronpood to cho ovorlond 
;IIY of Cho goMrntor. 
1. Th« lood cMrnctorUtlc «hould bo do«condlng* Wtlnnlng 

with th» vnlu« of ch» MSIMB pomUalbl« gMornior ovorload. 
4«    UM craoonUaloo ratio «hould ho nubjoct  Co Mooch rog- 

uUcloo. 
S.   Tbo drtM ohottld grovldo cho dtocrlbuclM of cho acclvo 

copoclCy hocuooa goaorocoro uorklng tn poroilol In proportion to 
choir ratod copoclclo«. 

NAI« TtoaiCAL DATA 

1»   Th« drtM «hould provldo for • conctoacy of th« rat« of 
rotation during ««p«r«C« «ad p«r«U«l work of gonorater« and «11 
working condition« of ch« «lrcr«ft «oglo««, b«Kinning wick low 
tM «ad «adlag wich ch« caLo-off condition«. 

2. Undor «11 coodltlona, boglnnlng wick ch» low ca» coadltloa 
Ch« drlM «hould provldo for drawing of powtr froa cho gowrotor 

100t - ovor « long porlod of claoi 
ISOX - during 5 «in.; 
200X - during S Met 

9.   Iha drlM Mgulacor should aalncoln « COMCMC «p««d of 
rotation of cho «-€ gaa«r«C«r wltk « pr«cl«loa of * 21 without a 
corrector «nd not aoro than ♦ II wich « corroccor. 

4.    Tho loagch of  cho transition procaaaaa whoa Cho gtaorator 
I« Curnud on or who« ch« rated lood I« droppod.  I« not aor« Chan 
0.S-1.9 «M. 

9.   Th« «ffIcUacy «hould have  it« aaxlaM Mia« durin« ck« 
crulalat eoadlcloa«. 

4.    Th« control «ad Mgul«clon oyacoa should ho c«lculac«d for 
« Mraal volcago of 27 v. «hould Maintain lea working capacity who« 
ic U C0MscC«d for 14 v «ad should bo Mlac«la«d la th« conn«ct«d 
• tat.  during thn 8 v volc«i«. 

7. Tho Mlghc «hould ba MC Mr« than 0.7-12 kg/KvA without 
Coking Into account Cho additional wolghc of fuol «ad ch« conllng 
oyscsa. 

8. Tho adtlltlonal fuol conauaptlon by Cho aviation ooglno should 
bo not aoro titan 0.1-0.2 kg/KvA/hour. 

9. Tho flight Might should ba Mt aoro than 2 kg/KvA. 
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ftorecrioH Aim SIGNALIZATIOH won omcont CONDITIOI» 

0 1*    Attoaaclc ditoomction of th» 4rlvt* **n th» rat« of 
rot«iion of CIM M**rator or roguUcor to bitter or lowr thoo cbo 
poraloslblo «pood. 

2.    AucoMdc 4ovUo, «aeludlot «bo pooalblllcy of crooooUaloo 
froo cba gooorocor to cbo olrcrafc onglao. 

u u dlacooooctloo froa cbo olrcrafc ootlooa, «Aoo cbo 
I—aracor la Jooaotf. 
iclc alaiulliacloo     of Cbo orlglaatloo of doogorows 

roadie loo«  (»scoaa of pvraUslbl* rotur««. prcurc. occ). 

2. AocoMClc logulacloo of Cbo Mco of loCodo« of Cbo Drlvo. 

Tbo oocoMdc roguUcloo of cbo roco of rotactoo of cbo drlvo 
provldoo Cbo COMICaac «pood of cbo gooorocor upoo cbo cbaago of tbo 
r«Co of rocadoo of cba atrcrafc aogln«. cbo ro^jlrod drlvo powor 
upoo cb» cboogo of cbo load of cbo gooorocor, aod ualfor« dlocrlbudoo 
of cbo occlvo powor bocwooo cbo gooorocora oporaclog lo parallol. 
Tbo roguladoo wlcb roopocc Co opood aod powar la carried out bp Cbo 
apaad roguUcor, cba oaooldvo olooaoc of ublcb, roocca Co cbo doui- 
adoo of cbo roco of rocodoo or cbo froquoocy of cba gooorocor'o 
curroac tram  cbo racod oooo oad by ooooo of a. aorvo oacbaoloa, octo 
on cbo coodldooo of is* drive*, «orb. Ao cba prloclpal aoooor of 
tbo rogulocor, «o coo uoa coocrlfugol plcb-upa or coebo-gaoorocoro. 

9 I 

■ig. 2.1. Spaed regulator with a corracdoo alactro ■ocbanlaa: 
1 - input abafc, 2 - coocrlfugol ragulacor, S - olldo 
valv«. 4 - oprlng of Cbo corrector. S - aorvo plotoo, 
6 - valva rod rogulodoo, 7 - corroccor, 8 - COB, 
9 - corroccor rod, 10 - cono, 11 - lovor, 12 - oloovo, 
13 - aprlng. 
Kay: A) dalivary.  g) dlacbarga. 
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In flg. 2.1 wt «tew MM of eh* varUcloM of tho »pood rvguUcor 
tlM MOOUIVO OUMOK of Mklch U tho coocrlfugol pick-up 2. rocatod 
by tiw loput «hofc 1» oc « «p—d proportional to tht apond of tho 
t*norntor. Tho cootrlfutol forco octlng on th» «ull wnlghtt In 
trnnnalttod to tho nlldo-onlvn 1. pushing It to thn loft, nod in 
bnlnncnd by nprlnt* * nod 11. Oil In dollvarod undor pronnum Into 
tho envtty Wtwooo tho holts of tho nlldo-vnlvo J froa tho puaplnt 
■tag* ot tho ollponp. Lot nn nanalno tho Mork of tho rogulator. unlag 
tha aiaaplo of tho poauMatlc-anchanlcnl cooatant npnod drlvo (CSD). 

At tho aoraal gonarator «paad, allda-valoo S la In thn nquillh- 
rlua ponltlon, eloalnc ^Ith it» halta tha chaaoal« laadlng to hoth 
nldon of tho oonro ptotoo S. conooctod klnaaatlcnlly with thn rngul- 
atlng goto vnlvn of tho drlvo (6). 

Upon tho locronoo of tho rnto of rovolutloo of tho tanarator. dua 
to tha lacroaoo of tho oogloo npnod (apaod ragulatlon) or n dacraaaa 
of tha load (powar ragulatlon) tho caotrlfugal ragulator ovorcoaa« 
Cho ntronn of nprlngn 4 nad n. dlnpUeoo thn nlldo-onlvo ) to tho 
loft* dol Ivor log tho oil proonura to tha cavity to tho right of tho 
aarvo-platoo S« and coooactlag tha laft cavity with tha dlochnrgn. 
Ihn nnnro plnton S, aoving to tho loft, cloooo tho drlvo got* valva 
4, docronolng thn coonuapcloo of nlr through tho turhlnn, nn n re- 
sult of which tho rntn of rotntloo of tho gooarntor dacraaaaa. Tha 
corranpoodlng docronno of tho caotrlfugal forco of tho aaall load«. 
cauaan tha ravoroo ■eva»»nt of nllda-vnlva 3 up to tho roatoratloo of 
tha fsrwr ntnto of oqulllbrlun uodar tha rntnd apaod of tha gonar- 
ator. Upoo tha docronno of tho rnto of rotntloo of tha gaoarator, 
tha analogoua procaaa occur« la tha rovoroo dlroctloo. 

In ordar to aaaura tha atablllty of tha procaaa of rogulatloo, 
tnaro in n rigid food-bock, andn in thn following wnyt On thn rod 
of thn norvo piatoo S. cooa 10 la rigidly coonoctod, to tho gooor- 
atora. of which by aoaoo of a spring tha polo of lovor 11 la con- 
stantly prannod. Tho other nm of tho lovor la connactad with alaovo 
12, which praaaoo on aprlng 1) of tha faad-back, upon thn aovaaani 
of tha aorvo cyUodar 5, tha polo of lovor 11 alldaa along tho cooo. 
Tha lavor turn«, changlog thn ntmnn on npring 13, nnd ratuma thn 
■ lidn vnlvn 3 Into tha aqullibrlua poaition, i.n., into tho rogian of 
rontoration of tho ^uilibrluB apaod, but which la aonawhat dlffarant 
fron tha initinl npoad, bacauaa tha apringa* atrooa has changnd. 

In ordar to oliainntn tlinHatatic arror", cnunad by tha praaanca 
of faad-back, and for tha parallel work of anvnrnl gnnaratora, n 
corrncting dnvicn in inntallad on tha ragulator, which la controllad 
by nn alactro-Mchaniaa of corrector 7, which racaiva tha aignal froa 
tha raaidnncn circuitn, reacting to thn deviation of tha frequency 
and tha non-uoifom dlatrlbutlon of actlva loada between tha ganaratora. 
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Flrccro-fMchaalm 7, r«c«lving ehe «Uccrlc«! »ignml,  alowly turnt 
cm tt which pij«hc» rod 9, changing eh« scrtas on aprlng 4 of tha 
corraecor and raatorlng cha praacrlhad apaad of cha ganaracor. 

Ottrlng Cha parallal work of cha gaoaracora, Cha procaaa of rag- 
ulacloo wich raapaec co apaad and their powar, occur« In all cha 
drivaa alaulcanaoualy. Tha unifoni dlacribution of Cha active «towar 
hacwaan cha gaoaracora and Cha praclaa raguladon of Chair fraquancy 
la carrlad ouC by cha corraccien davlca on aignala froa inacruaanca 
■aaaurlng Cha fraquancy and actlv« powar (aaa Cha dlvlaion on cha 
parallal work of gaoaracora). 

In fig. 2.2 w« ahow cha apaod ragulaCor wich an al«ccro-«agnacic 
corrector. Lot ua asaaina ica work, ualng Cha axaapl« of a hydraulic 
driva. Tha inpuC ahafc 1, ia rocadng with cha apaad proportional to 
tha apaad of rotation of Cha ganaracor. Tha centrifugal waighca 2, 
rocadng wich cha ahafc 1, BOW« Cha load of allda-valve \ ovarconing 
cha forca of apring 4. 

Wich Cha rated apaad of the- CSD, cha forcaa of Cha cancrifugal 
waighca 2, are counterbalanced by cha aprlng 4. Valva 3 ia in Cha 
aquilibrioa position cloaing Che gap laading Co cha aanro cylinder S. 
The latter retain« ia a certain poaidon, Cha inclined waahar of Cha 
hydraulic puap, which aaauraa cha conacant apeed of rocadon. Tha 
racad apaad ia aacabliahad by cha corraapnodlng acraaa of apring 4, 
by aaaaa of acraw 8. 

If Cha output apaad of cha CSD dacr«aaaa fnm Cha point of 
aqullibriuB, cha cancrifugal forcaa of cha waighca bacoaa ««aller chan 
cha forca of cha praaaaura of cha apring and cha alida-valva aovaa 
Co Cha righc, providing for Cha dalivary of oil under praaaura into 
Cha lafc cavity of cha aanro aachaniaa, which in ica turn, raaalca in 
an incraaaa of Cha angular deviation of cha punp-uaahar, and incraaaaa 
Cha output valocicy. In chia caaa tha incraaaad cancrifugal torca 
of tha loada will ace again on tha alidairalva, aoving it to tha lafc, 
undl ic will ba counterbalanced by Cha force of cha apring. Thia 
daa Cha output opening laading to -he servo-cylinder, ia cloaad by 
tha alida valva and cha ayacaa occupiaa cha poaidon of aquilibriua. 
If cha output valocicy of Cha CSD incraaaaa beyond cha point of 
aquilibriua of cha forca of Cha waighta and tha aprlnga, tha alida 
valva will aova to Cha lafc, connacdng cha cavicy of cha aarvo-aachanii 
with cha diacharge. Tha aarvo-cylindar aovaa Co Cha lafc, dacraaaing 
Cha angular deviation of Cha puap-waaher and Che output apaad of Cha 
drive. Tha further raguladon procaaa ia analogoua. 

Tha centrifugal waighca are aad« of a aagnadc hard aaCarial and 
aay ba attracted or rapallad, dacraaaing or incraaaing cha centrifugal 
forca according Co dlracdon and valua of Che d trace-cur ranc paaslng 
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Pig. 2.2.  Sp««d regulator with an •Icctro-nagneClc corrector: 
1 - Input shaft; 2 - centrifugal weight: 3 - slide 

«,    valve; 4 - spring; 3 - servo-cylinder; 6 - rod of 
the regulsting valve (washer); 7 - electro-magnetic 
corrector; 8 - regulating screw. 
Key: A) delivery, B) discharge. 

through electroaagnet 7. The voltage on the electric magnet changes 
according to the signals of Che active power measuring instrument, 
which acts in accordance with the deviation of the active load from 
the mean value. 

O 

Prom the diagrams examined we can see that the speed regulator 
controls Che corresponding elements of the drive: in pneumatic 
■ystems the air delivery valve for Che turbine; in hydraulic systems 
Che Incline of Che washer, decermining ehe output of Che hydraulic 
pump; in mechanical by the angle at which the rollers are set up 
with respect Co Che Coroids, decermining Che cransmission redo, in 
Che eleccrical by chanRing Che excicacion. 

3. Mechanical Constant Speed Drives. 

The mechanical constant speed drive, receiving variable speed 
of rotation from Che aviation engine, transform it inco a conscanc 
speed at Che output, by means of friction or fused varlators. The 
power is cransmicced by Che force of fr<<c on between the rotating 
elements, which are held in contact with one another. 

In fI». 2.3 we show certain Cypical structural diagrame of 
mechanical --onscanc speed drives, Che operacing principles of which 
are aaalogout. 

As an example lee us examine a structural diagram of a friction 
mechanical drive ahown in fig. 2.4. Ac Che driving shafc 1, which la 
rotated by Che aircraft engine, Che driving disks 3, are fixed rigid- 
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Flg. 2.3. Typical diagrams of frlctlonal meclianlcal constant 
speed drives: 1 - Input shaft; 2 - output shaft; 
3 - driving disk; 4 - driven disk; 5 - roller; 6 - 
small sphere. 
Key: 1. Sphere, 2. Harrltson's, 3. Hay's, 4. 

Svegozarov's, 5. Bayer's. 

Structural diagram of the frlctlonal mechanical drive: 
1 - input shaft; 2 - output shaft; 3 - driving disk; 
4 - driven disk; 5 - roller; 6 - sphere; 7 - cup; 8 - 
spring. 

Fig. 2.4 

ly. The driven disk 4, by means of cup 7, Is connected with the shaft 
2 of Che generator. The working surfaceb of disks 3 and 4 represent 
part« of the surface of tomn and are Interconnected with rollers 5. 
Three pairs of rollers are arranged symmetrically at an angle of 130* 
Co one another. Their bilateral, symmetrical arrangement with respect 
Co disk 4 removes axial stresses from Its bearings. Spring 8 presses 
first Che roller« 5 Co disks 3 and 4. The driving shaft 1 is con- 
nected wich Che shaft of Che alrcrafc engine, by rae^ns of a pole de- 
vice, 6. Under Che ace ion of Che torsion momunc, Che poles Cend to 
roll along ch# sloping edges of Che ditches (poles) as is shown in 
fig. 2.4, and move apart Che washer and disk 3, aucomaclcally press 
rollers 5 Co disks 3 sod 4 wich a force propordonal to the moments 
cransmicced. 
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Flg. 2.5. Mechanical constant speed drive: 
1 - shaft connected with the engines; 2 - cross- 
section of the shaft cut across upon the excess 
of the torsion moment; 3 - the driving torold; 
4 - roller; 5 - the driven torold; 6 - oil pump; 
7 - bypass sleeve; 8 - silts of the output shaft 
connected with the generator. 

The rotation from the driving disk 3 Is transmitted to the driven 
disk Aa by means of rollers 5. The ratio between the speed of rotation 
n of the driven disk 4 and nm of the driven disk 3, Is inversely pro- 
portional to the ratio between the radii of contact of the rollers to 
the corresponding disks: 

n 

«m R 

The reduction ratio varies smoothly by a turn of the axes of the 
rollers with respect to point Oj and 02« which change the contact 
radii of the rollers 5 with disks 3 and 4. 

In fig. 2.5 we show the typical design of the mechanical drive in 
which the transmission ratio between the Input and output elements 
Is determined by the angle at which the roller Is set up, with respect 
to the torolds. 

The torolds are pressed to the rollers by the central load forming 
bolt. The contact stresses between the torolds and the rollers may 
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reach 30,000 kg (force)/cm2, which is possible only when high quality 
steel smelted under a vacuum Is used. In the drive a special lubricant 
is used, which on the one hand assures a high friction coefficient, 
betweenthe other end toroids, and on the other, a good lubrication of 
the other parts. 

In the mechanical drives the electronic regulation system is used, 
which increases the electrical signal of the deviation of the speed 
of revolution, and which acts on the electro-magnetic sleeve and servo 
motor. The latter set up the roller into a new position at an angle 
required for maintaining a constant rpm of the output shaft. 

The mechanical drives provide for automatic maintenance of a 
constant speed at the output upon the change in the speed at the out- 
put in the range of 1:35, have a high efficiency n ■ 0.75 - 0.85, 
but are relatively heavy to regulate, since the transmission ratio 
during operation, which requires considerable efforts on the part of 
the several mechanisms and results in the increase of the time lag 
of the automatic regulation system. The drives are difficult to manu- 
facture and their relative weight is 1.3 - 1.5 kg/KvA. 

4.  Simple Hydraulic Drive. 

In the simple hydraulic drive, presented in fig. 2.6, the entire 
energy flow is regulated and transmitted in only one direction, from 
the primary motor (aircraft engine) to the generator. The efficiency 
of such a drive is about 0.75, its relative weight is 2-2.5 kg/KvA. 

The drive includes a hydraulic pump, which transforms the mech- 
anical energy of the aircraft engine into hydraulic energy, and the 
hydraulic motor, which transforms the hydraulic energy over the 
hydraulic pump into mechanical energy, which is delivered to the shaft 
of the synchronous generator. The drive requires absolutely hermetic 
conditions and the purity of the fluid, cooling of the fluid at high 
temperatures, and is difficult to start at low temperatures. 

Rotor 1 of the hydraulic pump has several cylinders. Three are 
arranged along the periphery, the chambers of which upon the rotation 
of the rotor, communicate in sequence with the pipe lines througi 
arch-shaped cavities of the stationary division disk 7 (see cross- 
section A-A). 

When the rotor is rotated by the aircraft engine, distance 2 to- - 
gether with the supporting washer 6, are rolled over the non-rotating 
inclined washer 5, performing a reciprocal motion in cylinders 3, 
and passing through the left cavity of the dividing disk 7, under the 
action of spring A, aspirate the oil from the low pressure line, and 
passing through the right cavity under pressure of the inclined 
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washer 5, push out the oil through the high-pressure pipeline, 
space chambers of the hydraulic motors' rotor. If at the output 
of the hydraulic pump there is hydraulic resistance, a higher 
pressure is created here, in order to overcome this resistance. 

The openings from the dividing disk 7 should be strictly ori- 
ented with respect to the axis of the inclined washer 5. At the 
places where the cavities of the disks are connected, the oil is 
cut off, i.e., the cylinder transports it from the aspirating 
region into the pressure region. The connections are located in 
the sector where the volume of the oil in the cylinder does not 
change when the piston  passes over them. 

r 

>;£     2-J5J 4   ^l—   .nolepii/i) 

ijziCffrtSt       r. 
i   : i   j) 

fig' 
(O 

"* Ä,(«i 
HStHemaHuii,. \ 

Simplified diagram of a simple hydraulic drive: AE - 
aircraft engine; HP - hydraulic pump; HM - hydraulic 
motor; S - sleeve; ( - generator; AP - auxiliary pump; 
OT - oil tank; 1, 1 - rotor; 2, 2' - piston; 3, 3' - 
cylinder; A, 4' - -jpring; 5, 5' - inclined washer; 6,6' 
- support washer; 7,7' - dividing disks; 8 J

1
-  servo 

mechanism; 9 - centrifugal regulators; 10 - regulator's 
slide valve; 11 - piston. 
Key: 1. conventionally turned by 90°, 2. oil input, 

3. oil outlet, A. spiration cavity, 5. pressure 
cavity. 

The piston cycle is determined by the position of the sloping 
washer 5, the angle of incline of which is set up automatically by 
the servo-mechanism on command of the speed regulator. 
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The output of the hydraulic puwn, i.e.,   the volume of oil 
Q, delivered by the hydraulic pump per measure, is determined 

TTd2 ^ d2 -i , 
Q = qmn,,, ■ j- hmn,,, = -— D tg Ymi^ « An,,, tg YcmJ/min, 

where q - is the effective volume of 1 cylinder in cm3; 
m - is the number of pistons; 

nm - is the speed of the drive shaft; 

d - is the diamter of the piston in cm; 
h - is the cycle of piston in cm; 
D - is the diameter of the circumference, over which the 

piston axes are located; 
Y - is the angle of incline of washer 5 of the hydraulic 

pump; 

7rd2 
A = —- DM. 

4 

The output of the pump may be changed by two ways: by changing 
the speed of rotation r^  of the rotor and changing the value of angle 
y of the inclined washer 5. In the first case we change the speed of 
the reciprocal motion of the pistons, and in the second we change the 
value of the piston cycle, i.e., the effective volume of the chambers, 
By changing the angle of incline of the washer, simultaneously with 
the change in the speed of rotation of the rotor, we can obtain a 
constant value of the pump's yield. This principle is the basis for 
obtaining a constant speed of rotation at the output of the hydraulic 
drive. 

With a constant speed of rotation the output of the pump is 
regulated smoothly by changing the angle of incline of washer 5. If 
the washer occupies the perpendicular position to the axis of the 
pump, the pistons cannot form the reciprocal motion and there is no 
delivery of oil. If the washer is inclined into the inverse side, the 
oil delivery direction then changes. 

The volume-rotor hydraulic machines possess the property of re- 
versibility, i.e., they can be either pumps or motors. Because of 
this the design of the hydraulic motor in principle does not differ 
from the design of the pump, with the exception of the fixed washer 
5', which has a constant angle of incline y' to the axis of the motor. 
Consequently, the motor in one revolution consumes a constant amount 
of oil, i.e., it has a constant output. 
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The volume of oil consumed by the hydraulic motor permeate, is 
determined by the formula, analogous to the output of the pump: 

Qp ■ Anp tan y' cm3/min, 

where n- - is the rate of rotation of the hydraulic motor; 

Y1»const - is the angle of incline of washer 5' of the 
hydraulic motor. 

Qp = Q (1-S), 

where S  - is the oil leak in fractions of a unit (practically 
not more than 5%). 

Substituting values Q and Q, after transformation we obtain 

1-S 
"P = tänT' "m tan Y = Knm .tan Y- 

In this way, the rate of revolutions of the hydraulic motor 
is proportional to the tangent of the angle of Incline of the pump's 
washer 5. 

In fig. 2.6 we show a diagram of distribution of forces in the 
points of contacts between the pistons of the hydraulic motor and 
the inclined washer 5', resulting from the pressure of the fluid on 
the pistons. 

Into the chambers of the cylinders, which are in the compression 
zone of the dividing disk 7' (see cross-section B-B), the fluid is 
delivered under high pressure pj, and into the chambers which are in 
the discharge zone, under a low pressure p2. Under the action of these 
pressures, perpendicularly to their plane in the points of contact 
of each piston, against the inclined washer 5', the following forces 
are active: Fj - in the delivery is on and F' - in the discharge zone: 

F. . "_ii LL_,  and F: . ^ P^ 
1     4  cos Y*        1 4  cos Y' 

Accordingly,  at these points  the inclined washer acts on the pistons 
by  the  forces of  the reaction Rj  and R2,   directed against  forces Fj 
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and Pi' T^e Screes Rj and R2 are decomposed into two components: the 
longitudinal F"i and ¥"2  ,  which act along the axis of the pistons, and 
forces Fj and F2 perpendicular to them, which create the rotating mo- 
ment of the rotor: 

TTd' 
Fl  '  R! sin y' - j-   ?! tan y' 

TUl' 
F2 = R2 sin r' »  4"" P2 tan y' 

Forces Fj and F2 act on the arms, the lengths of which depend on 
the position of the pistons with respect to the inclined washer 5'. 
The lengths of the arms are determined (see view B-B) as: 

X = T sin a. 

If we disregard value P2 of the counterpressure (which is usually 
many times less than the pressure on the input), then the moment with 
respect to the axis of rotation of the rotor from one piston on the 
high pressure side, will be 

M, = Pi 
TTJ' D 

2 tan Y' sin a' 

This moment changes according to the sinusoidal law depending on 
the angle of turn of the rotor, i.e., it pulses from 0 when a equals 
0 t0 Mmax when a = T- 

The total moment of all the m of the pistons, which ate on the 
side of the high pressure, is equal to 

M = IMi = Pi --j- D tan 
2T\ sin a + sin a+ - 

m 
+ sir f JUL]    1 

The total moment is also non-constant, but changes with the periods 
of oscillations, equal to .Ljl . The irregularity of the moment de- 

in 
creases with the increase of the number of pistons. In this case their 
uneven number yields a smaller pulsation than the greater even one. 
This is explained by the fact that when the piston passes through the 
cut-off line, only one piston does not participate in the work when 
there is an uneven number of them. 
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SPEED REGULATION.  During a nominal speed of revolution of the 
generator the centrifugal regulator 9 by means of slide valve 10, 
covers both channels of the servo-mechanism 8, fixing the cylinder 
11 and Inclined washer 5, Into a specific position. (~) 

Upon the Increase of the rate of revolution of the aircraft 
engine the output of the pump Increases, the speeds of the hydraulic 
motor and the generator connected.with It, Increase proportionally. 
This deviation of the speed of the generator from the rated speed Is 
perceived by the centrifugal regulator line, which moves slide-valve 
10 upwards. The fluid from the pressure line Is delivered to the 
right cavity of the servo-mechanism 8; piston 11 moves to the left, 
decreasing the angle of Incline of washer 5 of the pump; the output 
of the pump In this case decreases, returning to the rated yield, 
and accordingly the rate of revolution of the hydraulic motor and 
generator decreases to the raped value. At the centrifugal regulator 
9, slide-valve 10 returns into the initial position. The slide-valve 
covers both channels of servo-mechanism 8, fixing a new position of 
piston 13 and inclined washer 5, corresponding to the new speed of 
the aircraft engine. Upon a decrease of rate of revolution of the air- 
craft engine, the process of regulation of the hydraulic drive con- 
tinues in the same sequence, only regulator 9, slide-valve 10, piston 
11 and inclined washer 5 move into the opposite direction. 

POWER REGULATION.  Upon the decrease of the load in the gener- 
ator's system, the moment on the shaft of the hydraulic motor decreases. 
This causes an increase in the rate of revolution of the hydraulic 
motor and generator. The centrifugal sensor 9 reacts to the increase 
of the speed and relates the drive as it did upon the increase of the 
rate of revolution of the aircraft engine. 

Upon the increase of the load the process of regulation occurs 
analogously with the decrease of rate of revolution of the aviation 
engine. 

5.  Hydro-Mechanical Drive with a Hydraulic Differential (Type 1). 

The hydro-mechanical drive with a hydraulic differential trans- 
mits energy from the aircraft engine to the generator in two currents: 
mechanical, which is uncontrolled, and hydraulic which is controlled. 

In the mechanical transmission of the flow of energy the fluid is 
used as a rigid link, providing a mechanical connection between the 
aircraft engine shaft and the generator shaft. 

The hydraulic flow of energy is controlled and transmitted by the 
hydraulic differential, upon which insufficient mechanical 
energy (at low rates of revolution) delivers additional energy to the 
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generator shaft by the hydraulic way, and during an excess of mech- 
anical energy removes It hydraullcly from the shaft of the gener- 
ator back to the aviation engine shaft, as shown In fig. 2.7. 

The hydro-mechanical drive In connection with the common drive 
has a lower weight, size, and a higher efficiency (up to 0.85). 

The simplified diagram of the hydro-mechanical drive with a 
hydraulic differential Is given In fig. 2.8. The drive consists of: 
a hydraulic pump, HP; a hydraulic motor, HM; and a system of auto- 
matic revolution, the operating principle of which is analogous 
to the one discussed in § 2 and 4.  Let us note certain 
specific features: 

6 0 7 -sn 
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Fig. 2.7.  Structural diagram and curves of the rates of 
revolution and power of the differential hydraulic 
drive. 
Key: 1. Excess, 2. shortage, 3. required, 4. de- 

livered to the generator, 5. taken off, to the 
aircraft engine, 6. hydraulic motor (HM), 7. 
hydraulic pump (HP), 8. aircraft engine (AE). 

Rotors 1 of the pump and 1' of the motor are rigidly connected 
with one another and rotate as a single entity (drum) out of the 
drive shaft of the aircraft engine with a variable number of revolutions 
r^. The inclined washer 5 of the pump is connected to its servo- 

mechanism 8, of the regulating system and the change is positioned by 
angle y  in both directions from 0. Finally, washer 5' of the hydraulic 
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motor has an Invariable angle of Incline Y' and rotates the con- 
stant speed. 

The separating disk 7' is rigidly connected with washer 5' and 
rotates synchronously with it, while the arched cavities are 
strictly oriented with respect to the plane of the washer. 

In the rated operating conditions washer 5 of the pump is set 
up on a 0 angle (Y ■ 0), more precisely by the angle which provides 
a compensation for leaks in the pump, and the hydraulic motor, and 
for maintaining the required pressure in the hydraulic system. In 
this case pistons 2 have no axial movement. The fluid does not cir- 
culate between pistons 2 and 21, but forms a hydraulic lock. 
Pistons 2' are thus rigidly connected with washer 5' and are unable 
to turn with respect to it. Due to the rigid connection, caused by 
the hydraulic lock, the entire power transmitted from the aircraft 
engine to the generator is determined only mechanically, while its 
rate of revolution is determined by the rate of revolution of the 
aircraft engine, i.e., without taking into account the mechanical 
reducing gear of the hydraulic drive r^.  A certain slipping through 

(n < rifl,) is possible by means of leaks. 

o 

Fig. 2.8.  Simplified diagram of the hydro-mechanical drive with a 
hydraulic differential: AE - aircraft engine; HP - hydraulic 
pump; HM - hydraulic motor; S - sleeve; G - generator; AP - 
auxiliary pump; OT - oil tank; 1,1' - rotors; 2,2' - pistons; 
3,3' - cylinders; 4,4' - springs; 5,5' - inclined washers; 6, 
6' - supporting washers; 7,7' - dividing disks; 8 - servo- 
mechanism; 9 - centrifugal regulator; 10 - slide-valve of the 
regulator. 
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If the speed of the aircraft engine with respect to the speed 

of the output shaft decreased (n,,, < n), then washer 5 will be de- 
flected Into the positive direction by the automatic system. When 
the drum Is rotated, the cylinders 2, together with the supporting 
bearing 6, roll about the Inclined washer 5, performing a reciprocal 
motion, and pump the fluid Into the hydraulic motor cylinders. The 
hydraulic motor, rotating In the common drum, converts the reciprocal 
motion of the pistons Into the rotating motion of the Inclined 
washer 5*. The rate of revolution of this washer without taking the 
leaks Into account. Is determined as 

^ " "m 
tan Y 
tan Y' 

In this way, the rate of revolution of washer 5', obtained by 
the hydraulic weight, is directly proportional to the speed of the 
pump and the ratio between the tangent of the angle of incline of 
washer 5 of the pump to the tangent of the angle of incline of 
washer 5' of the hydraulic engine. 

Since the body of the pump and the hydraulic motor are re- 
presenting a single entity, the rate of revolution of the output 
valve of the drive (inclined washer 5') is determined by the sum of 
two speeds: speed of rotation of the body of the pump and the speed 
of slipping of washer 5' with respect to washer 6', due to the re- 
ciprocal motion of the pistons: 

n ^ % + % 
tan Y m 

tan Y' "m 1 + 
tan Y 
tan Y'. 

= const 

If the speed of the aircraft engine has increased with respect 
to the speed of the output shaft (nm > n), then washer 5 is deviated 

in the negative direction by the automatic system. The pump and hy- 
draulic motor change places. Thanks to this, washer 5' begins to be 
impeded, and its total rate of revolution attains a constant value. 

n % " % 
tan Y 
tan Y' " «m 

tan Y 
r n = const. 
tan Y 

In this case on rotor 1-1' there is an excess of power, which 
by^means of pistons 2' is removed into the fluid and from the fluid 
through pistons 2 is returned on the aircraft engine's shaft. 

In this type of drive the power from the aircraft engine is trans- 
mitted to the generator in two ways: mechanical, directly through the 
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rotor and the cylinders of the hydraulic motor onto washer 5'; and 
hydraulic, through the pump Into the fluid and then from the fluid 
through the hydraulic motor pistons to the same washer 5' on to the 
driven shaft ( ) 

P = ■— p = p + p r  ne ^e  ^m + V 

where Pe - Is the electro-magnetic power of the generator; 

Pm - Is the mechanical power component; 

Pp - Is the hydraulic power component. 

The mechanical power does not change Its direction, while Its 
value depends only on the value of the load (pressure p) and the 
value of the rate of revolution of the aircraft engine, and is trans- 
mitted through the body and the pistons of the hydraulic motor HM, 
onto washer 3* 

pm = n,,, CH pnm [kw], 

where r^ - Is the mechanical efficiency of the hydraulic drive; 

Cfl - is the proportional coefficient. 

The hydraulic power may change its sign, depending on the value 
of the mechanical power, coming from the aircraft engine and is de- 
termined as 

Pp = ^2 QP tkw]. 

Let us examine as an example the hydro-mechanical drive of the 
Sandstrand company, the design and diagram of the control of which 
are given in figures 2.9 and 2.10. 

The pump in the motor of the axial multi-plunger type, are ar- 
ranged in a single body, are rigidly interconnected and powered by 
the aircraft engine's shaft. Their rotors have several cylinders 
located along the periphery. 

The plungers of the pump move in the cylinders as a result of 
pressure of the regulated inclined washer 4 on them. The stroke of 
the plungers varies between two maximums (passing through a 0) In 
relation to the angle at which the washer is set. The inclined washer 
11 of the hydraulic motor has a constant angle of incline and is 
usually connected with the generator's shaft. 
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Fig. 2.9. Design of the hydro-mechanical drive with a hydraulic 
differential, made by the Sandstrand Company: 
1, 2 - plungers of the regulated and non-regulated rotors; 3 - 
shaft of the regulated rotor; 4 - regulated, inclined washer; 5 

servo-pistons; 6 - regulated rotors; 7 - stationary dis- 
tributing disk; 8 - feed washer; 9 - rotating dividing disk; 10 
- non-regulated rotor; 11 - non-regulated inclined washer; 12, 
13 - output and input gear; 14 - auxiliary pump; 15 - exhaust 
pump. 

Between the two sets of plungers are two distributing disks 7 and 
9, which distribute the oil between the pump and the motor. Disk 7 
is installed on a stationary axis, and disk 9 is Installed on an ec- 
centric journal of the output shaft. Between the distributing disks 
7 and 9, a feed washer 8 is installed which has bypass windows and 
Is rigidly connected with the rotor. 

When the rotor unit is revolving, the position of the inclined 
washer 4 of the hydraulic pump is set up by the regulator, depending 
on the conditions of its tune-up. In accordance with the difference 
between the speeds of the input and output shaft, the required amount 
of oil is delivered to the hydraulic motor plungers under high pres- 
sure. As a result of this, the plungers through the axial pressure 
forre component, transmit the full rate of revolution of the hydraulic 
motor to wttsher 11, and through the pressure force component, per- 
pendicular to the axis of the rotor, create a rotating moment on 
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Fig. 2.10. The general diagram of the hydro-mechanical drive control 
built by the Sandstrand Company: 
A- pressure at the inlet; B - operating pressure; C - pressure for 
regulation during a high speed of the engine; D - pressure for 
regulation during a low speed of the engine; 
1 - bypass route; 2 - safety valve at the input; 3 - bypass valve 
(for oil) for a higher number of rpm; 4 - regulator of the in- 
crease of the number of rpm; 5 - main regulators; 6 - electric 
motor for frequency correction; 7 - cylinder of the lower limit of 
the number of rpm regulator; 8 - evacuating pump; 9 and 10 - 
auxiliary oilpumps; 11 - tail of the input shaft; 12 - cylinder of 
the upper limit of the number of rpm regulator; 13 - generator 
shaft; 14 - switch for turning off the pressure. 
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washer 11, which Increases the rate of revolution of the output 
shaft. 

The regulation system is built in such a way, that as long as 
the number of rpm at the output does not reach 6000 rpm, washer 4 
of the hydraulic pump remains in the position of the complete cycle 
of the plungers, during which an increased delivery of oil assures 
the increase of the number of revolutions at the output in com- 
parison with the number of revolutions at the input. 

When the prescribed number of revolutions at the output is 
reached, the system is in the state of equilibrium until the number 
of revolutions at the input increases. In this case the speed reg- 
ulator will decrease the angle of the inclined washer 4 of the hy- 
draulic pump and in this way will decrease its output. This will re- 
sult in establishing the prescribed rate of revolution at -the out- 
put . 

When the number of revolutions at the input is equal to the re- 
quired number of revolutions at the output, inclined washer 4 of 
the hydraulic pump will occupy a neutral position (if one does not 
take the oil leaks into account), the plungers cannot perform the 
reciprocal motion, a hydraulic lock is formed and the system operates 
as a rigid drive. In this case the power from the aircraft engine is 
transmitted to the generator only by the mechanical way with a high 
efficiency. The calculated regime is selected from the condition of 
its maximum length during the flight. 

The further increase of the rate of revolution at the output, 
causes the reverse turn of the inclined washer 4 of the hydraulic 
pump, so that the hydraulic motor begins to operate as a hydraulic 
pump, while the hydraulic pump digs up the excess oil and delivers 
it in the opposite direction, i. e., to the additional supply 
cavity. Because of this, the washer 11 slips into the opposite direction 
and the speed of the generator is restored to the rated speed. 

The system of regulation maintains the prescribed rate of revol- 
ution of the generator and the uniform distribution of the load between 
the generators connected in parallel and consists of the main reg- 
ulator, electric motor with a precision frequency regulation, fre- 
quency regulator and their generator load equalizer. 

The action of this system provides a precision setting of the 
inclined washer 4 of the hydraulic pump by means of simple mechanism, 
and accordingly the prescribed rate of revolution of the generator. 

The main regulator consists of a hydraulic slide-valve controlled 
by a centrifugal pick-up and electric motor-corrector. The slide-valve 1*?' \ 
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regulates delivery of oil to the servo-mechanism. The regulator sleeve 
is connected with a generator drive shaft. Small weights are in- 
stalled on the sleeve, the levers of which act on a two-built slide 
valve, which is pressed by two springs. The main spring provides the 
preliminary stress, while the strain of the lesser spring regulates 
the electric motor of the frequency regulator. 

When the rate of revolution of the aircraft engine or the load 
on the generator changes, the slide-valve of the regulator will move 
in one direction or another, and will communicate the high pressure 
oil cavity with the corresponding cavity of the servo-mechanism. 
With the settled, prescribed rate of revolution, the slide-valve oc- 
cupies a neutral position and covers the main lines which lead to 
the servo-mechanism for setting up washer 4, which locks the inclined 
washer 4 into a specific position. 

The load is distributed between generators connected in parallel 
and the drives automatically by means of straining the smaller spring 
of the main regulator, connected with the drive. The spring is 
strained by the gear of the electric motor, which receives a signal 
through a magnetic amplifier from the current transformers, which are 
installed in the generator's circuit. 

The second centrifugal generator connected with the output shaft, 
reacting on the increase or decrease of the rate of revolution above 
the permissible limits, gives out a hydraulic signal to the pressure 
switch and to the distributing valve which drains the oil, which goes 
from the main regulator to the servo-mechanism. 

The electrical contact of the pressure switch is intended for con- 
nection with the com ponding relay in the aircraft system, in or- 
der that the a-c generator would remain under a load, when the con- 
stant speed drive has a higher or lower output speed. 

The reserve of oil for the cylinder unit and the regulating oper- 
ations is provided by two built-in pumps, one of which is put into 
operation by the input shaft, and the other by the output shaft. This 
assures a reliable contact of the plungers with the inclined washers. 
An oil-evacuating pump is also provided for, which is powered by the 
output shaft. 

The hydraulic drive is connected with the generator by a bypass 
sleeve of the spring-type, which transmits the rotating moment only 
in the direction from the aircraft engine to the generator and ex- 
cludes in this way the work of the latter in the system of the engine. 

The lubrication of the hydraulic drive Is provided by drawing 
some oil from the feed system. The system includes an oil tank, 
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heat  transfer changer,  and a metal  33-micron filter. 

6.     Hydromechanical Drive with Hydraulic  Differential   (T/pe 2). 

t  ' 

In the hydromechanical drive with a hydraulic differential of 
the second type, the rotor, combined with the shaft of the aircraft 
engine, has a constant effective volume, and the rate of revolution 
of the generator is regulated through the regulated volume of the 
chambers of the second rotor. The block diagram of this drive is 
given in fig. 2.11. 

Rotor 2, connected with shaft 1 of the aircraft engine has 
radial chambers in which pole-plunger 3 can move. The rotor with 
poles is encompassed by a manular clamp 4, which has an eccentricity 
with respect to the axis of rotor 2. Clamp 4 is made together with 
the output shafts 6 and second rotor 7, which have radial chambers 
with pole plunger 8. 

Upon rotation of rotor 2, with respect to clamp 4, poles 3 per- 
form a reciprocal motion, as a result of which the fluid from the 
low pressure cavity is pumped into the high pressure cavity, both 
over the separating channels of shaft 6 and the stationary dividing 
sleeve S, enters the chambers of rotor 7. 

« 10  7 

Fig. 2.11.  Block-diagram of the hydromechanical drive with hydraulic 
differential: AE - aircraft engine, G - generator, 1 - drive shift, 
2 - "unregulated" rotor, 3 - pole plungers, 4 - angular clamp, 5 ■ 
separating sleeve, 6 - output shaft, 7 - regulated rotor, 8 - pole 
plungers, 9 - regulated manular clamp, 10 - controlling servo 
piston. 

The regulated clamp 9 by means of a servo-piston 10, is installed 
with an eccentricity with respect to shaft 6. Upon the increase of the 
rate of revolution of the aircraft engine, clamp 9 is used for a 
smaller eccentricity, as a result of which plungers 8 provide a smaller 
effective volume of the rotoi chamber. The rate of revolution of rotor 
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7 and together with the clamp 4, with respect to shaft 1 and rotor 2, 
decrease while it maintains a constant absolute rate of revolution 
of the generator. 

With the rate of revolution of rotor 2, equal to the rated rate 
of revolution of the generator, the regulator eliminates the eccen- 
tricity of clamp 9, as a result of which plungers 8 cannot make 
their advancing motion any more. Between plungers 3 and 8 a hydraulic 
log forms; the shaft 6 through clamp 4, plungers 3 and rotor 2, are 
rigidly connected with the shaft 1 of the aircraft engine. 

Upon the further increase of the rate of revolution of the air- 
craft engine the eccentricity of clamp 9 becomes negative, which 
turns rotor 7 into a pump and rotor 2 into a hydraulic motor. The 
hydraulic log is removed and the fluid is pumped into the opposite 
direction, rotor 2 overtakes and passes clamp 4. 

Let us examine as an example the hydromechanical drive of the 
General Electric Company. 

The drive consists of hydraulic pump with variable output con- 
nected with the aircraft engine shaft, and the hydraulic motor con- 
nected by means of spherical pistons with the synchronous generator's 
shaft. The hydraulic pump and hydraulic motor are located in a single 
body, as is shown in fig. 2.12. 

The hydraulic pump consists of a stationary external body and 
rotor 1 inside of it, with seven radially arranged cylinder channels, 
each-of which contains a spherical plunger 2. Between the stationary 
body and the rotor lies a ring free, which rests with its external 
surface on pistons 4 and 5, which can move in the body's cylinders 
in the radial direction under the effect of the regulation system. 
The movement of these pistons causes displacement of the ring and 
change in its eccentricity with respect to the axis of rotation of 
the rotor. The spherical plungers of the rotor, supported on the ex- 
ternal surface of the ring, because of its eccentricity, move into 
the radial direction, proportionally to the value of the eccentricity. 
The spherical plungers during the displacement press out the oil into 
the channel of the hollow shaft, from which it arrives into seven 
radially arranged cylindrical channels of the hydraulic motor with a 
spherical plunger 2'. When the eccentricity is equal to 0, the spher- 
ical plungers are addressed and the oil is not pumped in. 

The rotor of hydraulic motor 1' is located inside the rotor of the 
hydraulic pump. The spherical plungers 2' of the hydraulic motor rotor 
rest on the internal elliptical surface of the rotor of the hydraulic 
pump. Under the action of the pressure of the oil arriving from the 
channel of the hollow shaft, the hydraulic motor plungers move into 
the radial direction, and resting on the rotating elliptical surface 
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Flg. 2.12.  Hydromechanlcal drive of Che General Electric Company: 
1,1' - rotors; 2,2' - plungers; 3 - ring; 4 - reverse piston; 
5 - direct piston; 6 - centrifugal regulators; 7 - slide valve; 
8 - speed excess regulator; 9 - slide valve. 

Key: 1. input shaft, 2. oil conduit, 3. pressure, 4. output 
shaft, 5. drainage, 6. pressure, 7. pump, 8. motor, 9. par- 
tition, 10. outlet, 11. inlet. 

of the hydraulic pump rotor, put into a rotating motion the hydraulic 
motor's rotor. 

The system of connection of the oil conducting channels is built 
in such a way that the regulating system, change the value In the 
direction of the oil pressure, assures the slipping or completion of 
revolution of the hydraulic motor's rotor with respect to the hy- 
draulic pump's rotor and maintain the constancy of the rate of re- 
volution of the output shaft. 

When the  pump cylinder unit rotates with the speed of the air- 
craft engine, the hydraulic motor cylinder unit will have a velocity 
(greater or smaller) depending on the position of the pistons, with 
regulate the eccentricity of the pumping unit in the body. 
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The drive is built in two variations: the first for 20 KvA 
(30. hp weighing 15.8 kg) provides a constant speed of the output 
shaft of 8000 rpm the speed of the aircraft engine varying from 
4000 to 8300 rpm and the second for 40 KvA (60 hp weighing 22.7 
kg) provides a constant speed of the output shaft amounting to 
6000 rpm, the aircraft engine speed varying between 4000 and 8300 
rpm. 

The a-c frequency regulation precision amounts to + IZ  and 
may by brought up by means of an electrical corrector to + 0.25Z. 

7.  Fluid Drive with a Planetary Differential. 

The measured part of the power with such a drive is transmitted 
from the aircraft engine to the generator by the mechanical planetary 
gear with a high efficiency, and the hydraulic transmission is used 
Co transmit only certain parts of the full power in one direction or 
another. 

In the calculated operating conditions of the drive during the 
aircraft engine speed-off ncalc - n,,,.,,,^ - 

V ^ min 
 -     , which corresponds to the cruising flight conditions, 

2 
the entire power is transmitted by the purely mechanical means through 
the planetary gear and the hydraulic drive in this case is practically 
idle. 

It is possible to have a series or different combinations of the 
differential mechanisms with a hydraulic transmission, however, they 
can be reduced to the two principal layout systems: 

Inclusions of a hydraulic drive between the driving end of 
auxiliary shafts. I.e., branching of the power on the driving shaft; 

Inclusion of the hydraulic transmission between the auxiliary and 
the driven shafts, i.e., branching of the power on the driven shaft. 

The hydraulic Machine is connected with the driving end of the 
driven shaft, is non-reverslve, but should be regulative. The hydraulic 
machine, connected to the differential mechanism DM, in the general 
case is reversible and may be non-regulative. 

Each of these hydraulic machines, depending on the rate of re- 
volution of the aircraft engine, may operate alternately either as 
a pump or as a hydraulic motor. 
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Fig. 2.13.  Simplified diagram of Che fluid drive with a planetary 
differential: AE - aircraft engine; HP - hydraulic pump; W - 
hydraulic motor; S - sleeve; G - generator; AP - auxiliary pump; 
OT - oil tank; DM - differential mechanism; 1,1* - rotor; 2,2* 
- piston; 3,3* - cylinder; 4,4' - spring; 5,5' - Inclined 
washer; 6,6' - thrust rings; 7,7' - separating disks; 8 - servo 
mechanism; 9 - centrifugal generator; 10 - slide valve of the 
regulator; 11 - planet pinion pole; 12 - planet pinions: 13 - 
sun gear; 14 - crown pinion. 

A number of various combinations of the planetary reducing gear 
in a fluid drive is possible. However, the operating principle of 
the fluid drive remains the same as in the examined instance of the 
fluid drive with the hydraulic differential. 

One of the simplified diagrams of the fluid drive with a planet- 
ary differential Is given in fig. 2.13. The drive consists of: a 
hydraulic pomp HP, hydraulic motor HM, differential mechanism DM, and 
a »ystem of automatic regulation, the operating principles of which 
are analogous of that examined above. Let us note certain specific 
features. 

The rotor 1 of the pump and pole 11 of the satellite pinions are 
rotated by the drive shaft of the aircraft engine with a variable 
speed a

m. The regulated washer 5 of the pump is connected with servo 

mechanism 8 of the regulation system and can change its position by 
angle y  into both directions from 0. The nonregulated washer 5' of 
the hydraulic, motor have an invariable angle of incline y'.  The crown 
pinion 14 is rigidly connected with rotor 1' of the hydraulic motor. 
The sun gear 13 is rigidly connected with the generator's shaft. The 
dividing disks 7 and 7' are stationary and their arched hollows are 
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strictly oriented with respect to the planes of the corresponding 
washers 5 and 5'. 

Under (he calculated regime washer S of the pump is set up for 
a 0 angle (y ■ 0), more precisely at an angle, assuring the com- 
pensation for the leaks in the pump, hydraulic motor, and for main- 
taining the required pressure in the hydraulic system. In this case 
the cylinders 2 do not have an axial movement. The fluid is not 
circulating between pistons 2 and 2' but forms a hydraulic log. 
Pistons 2* are rigidly connected with washers 5' and may turn with 
respect to fluid. Consequently, rotor 1' of the hydraulic motor 
together with the crown pinion 14, are stationary. As a result, 
the entire power from the aircraft engine to the generator is trans- 
mitted by only the mechanical weight, and its rate of revolution is 
determined by the rate of revolution of the aircraft engine and 
mechanical .reducing gear of the hydraulic drive, i.e, n ■ n'n, 
where n -1 is the rate of revolution of the cutout shaft of the 

I drive; 
n'n, -j is the rate of revolution of the aircraft engine, taking 

into account the gear ratio of the reducing gear. J 
If the speed of 

c 5 inclines autc 
the aircraft engine decreases (n'g, < n), then 

disk S inclines automatically towards the pumping operation of the 
hydraulic/ pump. The pistons 2, on the thrust-bearing 6, are rolled 
about on /the inclined disk 5, performing a reciprocal motion, and 
pump fluid into the cylinders of the hydraulic motor HM. Pistons 2' 
transmit the pressure to the stationary inclined disk 5', the re- 
actions «ef which act upon the entire body of the hydraulic motor, 
forming two force-components (see paragraph A), one of which creates 
the rotating moment, which through the crown pinion 14 produces an 
additional rate of revolution of satellite pinions 12. The additional 
rate (if revolution of the output shaft without taking the leaks into 
account is determined by the following formula: 

• 

' ii tan Y 
l nP " n •« tan Y'   * 

where n"m - is the rate of revolution of the aircraft engine taking 
into account the transmission ratio of 14-12-13 of the 
reducing gear. 

In this way, the satellite pinions being rotated over two channels: 
by the pull, proportionally to the speed of the aircraft engine, and 
by the crown pinion, proportionally to the speed of the hydraulic 
motor, increase the rate of revolution of the sun gear and accordingly 
of the output shaft n - const: 
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n ■ n'- + n„ ■ n'- + n",- * L, ■ const. m   *p    mm tan y' 

Here, the flow of power from the aircraft engine to the generator 
proceeds over two paths: directly to the mechanical transmission AE- 
11-12-13-G and through the regulated hydraulic transmission AE-HP- 
HM-14-12-13-G. 

If the rate of revolution of the aircraft engine increased (n'm 
> n), then disk 5 deviates automatically towards the motor operating 
condition of the hydraulic pump. Hydraulic pump HP becomes a motor, 
and hydraulic motor HM becomes a pump. Because of this the hydraulic 
pump, together with the crown pinion 14, begins to rotate in the op- 
posite direction, slowing down the rotation of the satellite pinions 
12; accordingly the rate of revolution of the output shaft decreases 
to n ■ const. 

EFFICIENCY AND WEIGHT OF FLUID DRIVES. The power losses in the 
hydraulic drive result in heating of the hydraulic fluid. To avoid 
overheating, it is necessary to have a sufficiently large volume of 
it and cooling devices, which increases weight. 

The efficiency of the fluid drive has its higher value nmax 
under the calculated conditions, when the power is transmitted mech- 
anically. In this case one of the hydraulic machines is idling (more 
precisely it provides compensation for the leaks in order to main- 
tain the piessure in the system), and the other at the same time is 
stationary and holds back the auxiliary link of the differential 
mechanisn. Therefore, power losses in the hydraulic part of the drive 
under the calculated operating conditions, are insignificantly small. 
Under conditions which differ from the calculated conditions, the 
mechanical capacity is transmitted with an efficiency of nmax 
while the hydraulic power is transmitted with an efficiency of a 
simple hydraulic drive. Upon the deviition from the calculated oper- 
ating conditions on either side, the efficiency of the drive drops 
according to the hyperbolic curves from the n^x value to the minimum 
value. 

Most of the time the fluid drive operates under operating conditions 
close to the calculated, and therefore, its efficiency in this case is 
close to the maximum (0.85-0.95). 

The specific weight of the fluid drive is approximately equal to 
its 0.6-1 kg/kw for the 2*3 range of speed regulation, the calculated 
operating conditions being located in the middle of the range. 

For a turbine engine with a speed range of 1:1.3 the hydraulic 
drive will have a smaller weight. The reducing gear in this case should 
be calculated for a capacity exceeding the rated capacity by only 13Z 
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while Che hydraulic machine should possess a capacity equal Co 13% 
of Che raced capaciCy. The specific weighc of Che fluid drive in Chis 
case will be about 0.5 kg/kw. /~x 

8. Simple Pneumatic Drive. 

In Che simple pneumatic drive with a Curbine, Che entire power 
of energy is conCrolled and CransmiCCed In only 1 direrdon fronrthe 
aircrafC engine Co Che generator. 

The Curbine of Chis drive is supplied wich compressed air from 
Che aircrafC engine compressor. The energy for rotation is obtained 
Chrough Che expansion of Che air in Che nozzle equipmenC of Che cur- 
bine. 

The power developed by the Curbine depends on Che weighc con- 
sumpCion of the air, and Che temperature drop in it. The weighc con- 
sumpcion of air is decermined by Che pressure and temperature of Che 
air supplied, Che efficiency of Che Curbine, and Che cross-secCion of 
Che nozzle. 

Wich Che Increase of Che flight alCiCude Che weighc consumption 
of air drops, and Che CemperaCure drop in Che Curbine increases. Con- 
sequenCly, Che power developed by Che Curbine is almost independent 
on the flight altitude. 

With the increase of the flight velocity, the power developed by 
the .Cu bine increases, Cherefore, Che Curbine is planned for oper- 
aCing under low-gas condicions. During cruising speed Che power yielded 
by Che Curbine is artificially decreased by ChroCCling Che air aC 
Che Curbine's inpuC or by changing Che cross-section of the nozzle. 
The laCCer yields Che greaCer effecC, buC ic complicaCes Che design 
and increases Che weighc of Che Curbine. 

Short-comings. 1. The low efficiency of Che air Curbine which de- 
pends on Che degree of automatic expansion (ratio betw-n the pres- 
sures at the input and output). Its maximum value does not exceed 0.6. 

2. Air from the aircraft engine compressor at high altitude 
causes a considerable decrease of the thrust or power of the jet 
engine, although they share in the total air mass in the compressor 
is not large. 

3. The drive is not economical, since the entire flow of com- 
pressed air, bled from the aircraft engine, results in an additional 
consumption of fuel and the corresponding increase of the flight weighc 
of the aircraft. 

Drives with a gas-turbine are drives of the direct flow of energy 
and may operate on exhaust gases from Che main aircrafC engines, or wich 
fuel-air mixtures. 
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Turbines with exhaust-gas operation, do not have their own com- 

pression chambers, are simple in design and have a small weight and 
dimension. 

Turbines, operating on fuel-air mixtures, have a more complic- 
ated design because of installation before the nozzle apparatus of 
combustion chambers in which t\\e  additionally delivered fuel is 
burned. This decreases the air consumption drawn fro« the aircraft 
engine compressor, as compared to the air turbine of the same 
capacity. 

9.  Pneumatic Differential Constant Speed Drive with a Pneumatic 
Turbine. 

In fig. 2.1A we show a simplified diagram with characteristics 
of a pneumatic differential drive with constant speed and a pneumatic 
turbine. 

The drive has the following principal elements: 
1. Differential reducing gear, totaling up two flows of energy: 

non-regulated which arrives from the aircraft engine shaft, and 
regulated which is drawn forth from the pneumatic turbine. 

2. Pneumatic turbln«. which on the command from the regulation 
system controls a part of the energy flow, providing in this way the 
constant speed for revolution of the generator. 

In the pneumatic turbine the kinetic energy of the flow of com- 
pressed air is used which is drawn from the compressor of the air- 
craft engine or from another source of air-energy. As the oper- 
ating device it is recommended to use the radial turbine, which has 
substantial advantages over the axial turbine. 

3. The regulation system, which creates the necessary operating 
conditions for the turbine. In this system the speed regulator reacts 
to the deviations of the generator's rate of revolution from the 
nominal and produces the corresponding signal to the  servo-mechanism, 
which transmits the command to the sleeve mechanism of the nozzle 
apparatus and regulating valve for the incoming air; the latter cor- 
rect accordingly the turbine's operating condition. The system pro- 
vides for a special corrector, reacting to the delineation of the 
frequency and the non-uniformity of the load on the generators when 
they are working parallel, and gives the corresponding signal to the 
servo-mechanism. 

4. The system of protective devices, which operate automatically 
when individual elements of the regulating systems have failed. If 
the drive's speed exceeds the maximum permissible speed of the gener- 
ator or turbine, or the minimum speed of the generator, then the drive 
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Flg. 2.14.  Simplified diagram and characteristics of the 
pneumatic differential drive with a pneumatic turbine: 
1 - air drawn from the compressor; 2 - entry of air 
during starting, operation on the ground and during 
power supply from another engine. 

Key: 1. Sleeve, 2. regulating valve, 3. turbine, 4. 
differential reducing gear, 5. speed regulator, 6. 
servo-mechanism, 7. nozzle apparatus mechanism. 

automatically disconnects from the power system. 

It Is advisable to design the drive as a multi-purpose apparatus, 
which decreases the weight and the dimensions of the entire set of 
the equipment. 

The drive solves the following problems: 
1. It assures the starting of the main aircraft engine by means 

of a turbine upon delivery of compressed air from the turbine unit 
aboard the aircraft or on the ground, and also from the operating air- 
craft engine of an airplane with several engines. 

2. When the aircraft engine stops during flight, the turbine, 
which obtains compressed air from the operating aircraft engine or 
from the auxiliary source of air energy, provides for a constant speed 
of the generators' revolution. 

3. It assures the working of the electrical system on the ground, 
including the generator, when the aircraft engine is not working. In 
this case, in order to rotate the turbine, compressed air Is used 
feom the turbine unit, either aboard the aircraft or on the ground. 

4. It assures the constant speed of the generator under all 
flight conditions and operating conditions of the aircraft engines, in- 
cluding the low gas conditions. In this case the principal power from 
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Che aircraft engine is transmitted mechanically, and the regulated 
part by means of the turbine. 

Advantages. 1. Relative design simplicity. 

2. Reduction of the number of rocking kinematic pairs, which 
increases reliability. 

3. Absence of need for a cooling system. 
4. Possibility of combining a number of functions: drive, air- 

craft-engine starter, cooler, etc. 
5. Low weight of the structure. 

Short-comings. 1. Difficulty of reversing the turbine; non- 
reversibility of the turbine results in excessive power and reduction 
of efficiency of the turbine. 

2. Presence of "soft" regulating characteristics, which are un- 
desirable when the generators are operating in parallel. 

3. Low efficiency, especially with a wide range of variations in 
the air's parameters. 

In fig. 2.15 we present the simplified diagram of the pneumatic 
differential drive with constant speed and a pneumatic turbine of 
the Air Research Company. 

The transmission mechanism of the drive consists of two combined 
planetary gear transmissions, interconnected by a common angular 
gear with internal engagement. The input shaft, which passes through 
the hollow rotor of the generator is connected with the guide of the 
planetary gear. The sun pinion of the generator is connected one to 
a pair, and the sun pinion of the turbine with another pair of the 
planetary transmission. 

The drives provides three different operating conditions: 
1. Starting of the aircraft engine by the turbine. During starting 

the angular gear 9 is stopped by the starting engagement sleeve 11. 
The power from the turbine is transmitted to the aircraft engine by 
a geared transmission T^-A-ö-S-lO-l-AE, which assures a transmission 
ration required for starting.' 

2. Production of a constant generator speed from the turbine 
alone. This response to the regime of a non-operating aircraft engine 
when the guide of the planetary transmission is motionless, is given. 
The power is transmitted from the turbine to the generator through a 
rotating angular gear with Internal engagement and a transmission 
ratio, responding to the constant speed conditions. Kinematlcally, the 
transmission is performed in the direction of T-2-4-6-8-9-7-5-3-SG. 

3. Producing a constant speed of the generator upon transmission 
of power from the aircraft engine with regulation of the revolutions 
by the turbine. During normal work of the drive, most of the power is 
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Fig. 2.15.  Simplified diagram of a pneumatic differential constant 
speed drive with a pneumatic turbine: 
AE - aircraft engine; G - turbine; SG - synchronous generator; 
1, 2 - shafts of the aircraft engine and turbine; 3, 4 - sun 
pinions of the generator and turbine* 5,6,7,8 - planetary gears 
of the generator and turbine; 9 - angular gear; 10 - drive; 
11 - pneumatic starting engagement sleeve; 12 - pneumatic speed 
regulators: 13 - pneumatic servo-mechanism; 14 - hydraulic 
sleeve mechanism; ..3 - pneumatic regulating and cut-off valve; 
16 - corrective device; 17 - starting selector electrical and 
pneumatic device; 18 - pneumatic starter switch; 19 - pneumatic 
switch for taaximum rpm of generators; 20 - pneumatic switch for 
maximum rpm of turbines; 21 - pneumatic switch for minimum rpm 
of generators; 22 - pneumatic engagement sleeve. 

Key: 1. to the relay, 2. jet nozzle, 3. oil pump, 4. pumping 
in, 5.  pumping out. 

delivered from the aircraft engine to the generator mechanically, to 
transmission AE-1-10-5-3-SG, while the speed regulation and the cor- 
responding part of the capacity is provided for by the turbine through 
transmission G-2-4-6-8-9-7-5-3-SG. The turbine operates with air 
drawn from the aircraft engine compressor or from the Jetstream. 

When the speed of the revolution of the aircraft engine changes 
the speed of revolution of the angular gear 9 changes accordingly 
through the planetary transmission, connected with the sun pinions 
of the turbine. Then the rate of revolution of the turbine changes on 
command of the regulation system, in order to produce constant revolu- 
tions in the generator. 
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THE REGULATION SYSTEM includes the following basic elements: 

Pneumatic speed regulator 12. reacting to the rate of revolution 
of the generator by means of a centrifugal mechanism and sending a 
pneumatic signal to the servo-mechanism. 

Pneumatic servo-mechanism 13. which receives the signal of the 
speed regulator and sends a hydraulic signal to the sleeve mechan- 
ism of the nozzle apparatus and the pneumatic signal to the regul- 
ating valve. 

Hydraulic sleeve mechanism 14. receiving the command from the 
servo-mechanism changes the position of the nozzle apparatus of the 
turbine, regulating the speed of revolution of the turbine, which 
provides the constancy of the speed of revolution of the generator. 

Pneumatic regulating and cut-off valve 15. which on command of 
the servo-mechanism regulates the delivery of air to the input of 
the turbine, and under emergency conditions closes completely the 
air inlet into the turbine. 

Correction device 16. which reacts to the deviation of the fre- 
quency and non-uniformity of the load on the generators connected 
to common busbars, which produce the corresponding signal to the 
servo-mechanism. 

Starting selector electrically and pneumatic device 17. 

Pneumatic starter switch 18. 

With a full range of changes of the external conditions during an 
established regime, the regulation system maintains the generators' 
frequencies with a precision of 

+ 1% and without a correcting device, and 
+_0.1% with a correcting device. 

THE SAFETY DEVICE SYSTEM goes into action automatically upon the 
appearance of defects in the speed regulation system and turns on the 
following basic elements: 

Pneumatic switch for the maximum speed of generator 19. reacting 
by means of the centrifugal mechanism to excess of the maximum per- 
mitted speed of the generator, acts on the cut-off valve, which closes 
the access of air to the turbine. 

Pneumatic switch for the maximum speed of turbine 20. reacting 
by means of the centrifugal mechanism to the excess of the maximum 
permissible speed of the turbine, acts on the out-off valve which 
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stops the access of air to the turbine. 

Pneumatic switch 21 for the minimum speed of the generator switches 
off the load by means of a relay when the speed drops below the per- 
missible limit. 

Electrical clutch 22 for engaging the shafts of the drive In the 
aircraft's engine, which provides for a disconnection of the shafts 
during emergency conditions. 
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Fig. 2.16.  Dependence of the revolutions of the turbine 

on the revolutions of the engine: n^ -  revolu- 
tions of the engine, tip - revolutions of the 
turbine. 

Key: 1. Ground check-up, bleeding of air from 
the operating engine. 2. Switching of the 
starter. 3. Starting the engine. 4. Work of 
the constant speed drive. 

The drive turbine under operating conditions works at low rpm and 
It is quite improbable that it will go out of commission because of 
an excess of speed of revolution. 

The transmission system consists of common gears, which provide 
sufficient reliability of the design. 

In fig. 2.16 we show the curve of the relationship between the 
speed of revolution of the turbine and the speed of the driving shaft 
of the aircraft engine. 

When air is delivered from an outside source, and the revolutions 
of the input shaft of the engine are equal to 0, the turbine operates 
at a constant speed of 70,000 rpm. The drive in this case performs the 
role of the reducing gear with an output velocity of 8000 rpm. 

When the aircraft engine is started the angular gear is retained 
in the stationary position by the starting clutch. At the moment of 
disconnection of the starter the speed of the turbine reaches 46,000 
rpm. 

Wh^n the power is delivered from the operating aircraft engine in 
the speed range of low gas (4,000 rpm)to the maximum (7,000 rpm), the 
rate of revolutions of the turbine changes respectively from 41,000 to 
8200 rpm. 
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Fig. 2.17. Relationship between the output capacity of the 
generator and the power drawn from the engine 
(mechanical and air): P - power yielded by the 
generator; Pm - mechanical power drawn from the 
engine; Q - alr-consumptlon drawn from the engine. 
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In fig. 2.17 we show the relationship curve between the output 
capacity of the generator and the power drawn from the aircraft 
engine through the mechanical driving shaft, and the amounts of air 
drawn from the aircraft engine compressor and passing through the 
turbine. From the curve it follows, that with an output capacity of 
the generator amounting to 30 kw, a mechanical power of 42.5 hp and 
airpower of 5 kg/min are drawn from the aircraft engine. 

The mean value of the heat transfer into the oil amounts to 3.4 
hp (or 34 kcal/min) for 60 kw of the unit and 2.4 hp (or 24.2 kcal/ 
min) for the 20 kw unit, which approximately corresponds to 1/5 
of heat transfer into the oil for the equivalent hydraulic drive. 

The design of the drive may be such, that the distribution of 
capacity between the driving shaft of the aircraft engine and the in- 
put shaft of the turbine will correspond to the air temperature at 
the output from the turbine, amounting to 90°C.  This air may be used 
for cooling the oil, the generator, and other units. 

The drive has the following prospects: 
1. It is potentially possible to use it in an autonomous system 

of generator and oil cooling at high-speed aircraft, using the high- 
speed thrust energy for regulating the speed of revolution of the 
turbine, enabling us to reduce the air temperature at the output to 
the required level through expansion. 

2. Since the drive may operate with air drawn from the aircraft 
engine, a special engine, or the high-speed thrust, an ideal device 
for aircraft with a combined turbojet engine. 

3. The drive is ideal for nuclear power installations, since it 
can turn the engine for a long time, using the energy of the air 
drawn. 

*\ 
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10.  Pneumatic Differential Constant Speed Drive with a Pneumatic 
Regulation Unit. 

in fig. 2.18 we show the simplified diagram and characteristics 
of the pneumatic differential constant speed drive with a pneumatic 
regulation unit. 

The drive has the following basic elements: 
1. Differential reducing gear. 
2. Rotary pneumatic engine. 
3. Regulation system. 
A. Protective device system. 

The purpose, the operating principles, merits and short-comings 
of the drive are the same as those of the drive described in para- 
graph 9. The specific feature of the pneumatic engine's work are 
obvious from the simplified diagram. 

The basic power for rotating the generator is taken from the shaft 
of the aircraft engine by means of a mechanical reducing gear, while 
the pneumatic (rotating or volume) unit, controlling a part of the 
energy consumed, provides a constant rate of revolution for the gener- 
ator. 

Pneumo-static devices primarily use potential air energy, com- 
pressed by the aviation motor compressor. The pneumatic motor may be 
a dual rotor pump, which is easily reversed, leading to a decrease in 
its power and an increase in efficiency, while its more "rigid" con- 
trol characteristic Improves parallel operation. 

In dual rotor pumps, the contact of the rotors with each other 
and with the body walls occurs along the generatrix of the cylinder, 
not along the curves of the surfaces. As a result of this, slight in- 
accuracies in assembly cause wear of the operating surfaces, consider- 
able leakage, changes in productivity and efficiency. 

The finish of the working surfaces of the rotor requires high 
accuracy, complicating the manufacturing process. 

Figures 2.19 and 2.20 show an overall view and diagram of a pneumo- 
mechanlcal differential constant speed drive manufactured by the Plessy 
firm. 

The drive used a reversing system with a differential and a roots 
type positive displacement blower. At low rotating speed of the motor, 
compressed air is fed into this machine and it acts as a motor, spin- 
ning the generator. At high engine operating speed, the blower rotates 
in the opposite direction and acts as a brake (compressor), driven by 
the engine. In this mode, it decreases the rotating speed of the gen- 
erator, maintaining it constant. 

- 270 - 

O 



o 
rt.p 

■    pP»" ̂ ^iiji L(.^
P' 

0 n n.mtn "upon n*mor 

Fig. 2.18.  Block diagram and characteristics of pneumomechanlcal 
differential drive with pneumostatic control apparatus: 
PM - pneutnomotor; VRK - air regulating valves; DR - dif- 
ferential reducers; OK - back valve; M - sleeve, RS - 
velocity regulator; ZR - reverse valve; 1 - air collected 
from compressors; 2 - air Intake during start, operating 
on ground and when supplied from another engine; 3 - air 
out: upt to cruising mode, when supplied by another avi- 
ation motor, during operations on the ground and start; 
4 - air Intake for cruising and high cruising modes. 

When the drive operates between the Idle and cruising regimes, 
compressed air Is collected beyond the compressor of the motor 14, 
passes through air valve 5 and rotates air motor 4. The movement Is 
transmitted to driver 8 through gear box 6 from motor 4. The planet- 
ary gear 10, Is driven by the motor, as a result of which gear 11 
and output shaft 3 connected to it, rotate at the required speed. As 
the rotating speed of the engine Is Increased, valve 5 decreases the 
supply of compressed air to the motor, the rotating speed is de- 
creased and as a result, the output shaft continues to rotate at its 
previous speed. Air valve 5 in this case controls regulator 1, con- 
nected to output shaft 3. This operation continues to a cruising 
point, that is 75% of the maximum speed of the aviation engine. Under 
these conditions, the efficiency of the drive exceeds 90%. 

Under cruising conditions the number of revolutions of the air- 
motor decreases to 0. During the subsequent Increase of the number 
of revolution of the engine, the air-motor begins to rotate in the 
opposite direction, operating as an air-brake (compressor). The 
direction of the air-movement in this case changes to the reverse. In 
this case, valve 5 disconnects the main line, leading from the engine, 
and bipasses the air, going from the roots engine into the atmosphere. 

Thus, from the cruising speed to the maximum speed, no air has to 
be drawn from the aircraft engine compressor, while the entire power 
for rotating the generator is taken from the aircraft engine mechanic- 
ally, which assures the highest economy of the system. Thanks to low 
inertia and small time constant of the engine of this type, a good 
regulation of the frequency and parallel work of the generators is at- 
tained. 
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Flg. 2.19. Constant speed drive by Plessy firm: 1 - engine 
speed regulator; 2 - drive from engine; 3 - output 
shaft; 4 - air motor; 5 - air valve; 6 - gear; 7 - 
gear with clutch; 8 - driver; 9 - planetary gear; 
10 and 11 - sun gear; 12 - gear with clutch; 13 - 
motor disconnect clutch; 14 - engine; 15 - direction 
of movement of air In reverse motor rotation mode. 

from aviation motor 
compressor 

Fig. 2.20.  Diagram of constant speed drive with volume air 
motor: A - motor mode; B - braking mode. 
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When the aircraft engines are started the compressed air from 
the ground source or that drawn from the compressor and already 
started engine turns air-motor 4, clutch 7 Is connected automatically, 
and the engine spins powered by the air-motor by means of gears 7- 
12-11-9-10. At certain turns, the clutch JLS disconnected and the 
units goes Into the constant speed drive conditions. 

During the work of the drive on a non-operating aircraft engine 
on the ground, clutch 13 disconnects the drive from the aircraft 
engine. The compressed air from the ground source Is delivered to the 
air-motor 4. The drive is carried out by a simple reducing gear, con- 
sisting of gear 7 and 12, which have a constant transmission ratio 
between the pneumatic engine and the generator. The air valve 5 main- 
tains a constant calculated speed of  the generator. 

If one of the aircraft generators has gone out of commission, 
then rotating the drive from an outside source, we can obtain the 
energy from the generator installed on it. For this clutch 13 dis- 
connects the drive from the engine, and the air-motor is supplied 
with air which is drawn from other engines. The operating principle 
of the drive is the same as on the ground, when the aircraft engine 
is not working. 

Merits.  1. When the aircraft engine turns at a speed of more 
than 0.75 of maximum (practical flying speeds) the drive does not 
draw air from the aircraft's compressor and has an efficiency of more 
than 0.9, providing a high economy. 

2. In the drive heat evolution is almost completely absent. 
3. The independent oil system of the regulator and the lubricating 

system increases reliability. 
4. The strength of the reducing gear is determined by the starter 

regime, therefore, it is permissible to Install a more powerful gen- 
erator and have an electrical overload. 

5. The drive permits us to adjust the electrical systems on the 
ground without starting the aircraft engine. 

11.  Electrical Constant Speed Drives. 

Electromechanical drives may be represented by two types: simple 
and differential. As examples let us examine the electromagnetic 
sliding coupling, electromagnetic brake, and combined drive. 

THE ELECTROMAGNETIC SLIDING COUPLING, presented in fig. 2.21, con- 
sists of the driving part 1, connected with the aircraft engine shaft, 
and the driven part 2, which is on the same shaft with the synchronous 
generator rotor 3, located inside stator 4. 
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Fig. 2.21.  Diagram of the constant speed drive with an 
electromagnetic sliding coupling. 

Key: 1. coupling, 2. generator, 3. efficiency 
%, 4. speed range, 5. frequency regulator 
FR, 6. voltage regulator. 

The excitation winding of the electromagnetic coupling is located 
on the driven part 2, and is supplied with direct-current through the 
frequency regulator. 

The excitation winding of the synchronous generator is located 
on rotor 3 and is supplied with direct-current through voltage reg- 
ulator 6, which automatically changes the excitation current value, 
and stabilized the output voltage of the generator. 

Fig. 2.22. Mechanical characteristics of the electromagnetic 
sliding coupling. 

In the electromagnetic sliding coupling the friction elements are 
absent, and its mechanical characteristics (fig. 2.22) are analogous 
to the charactieristics nf an asynchronous machine. From the character- 
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iscics It is clear, that upon a change of Che excitation current of 
the coupling (analogously to the voltage changes at the terminals 
of an asynchronous Machine) the character of the mechanical char- 
acteristic N * f(n) changes. 

The deviation of the rotation speed of Che generator n from Che 
raced speed may occur as Che result of a change in the active load 
of Che generator, i.e., Che change of Che braking-moment Mc or Che 
change in Che race of revolution of the primary motor nni. 

LeC us assume ChaC Che acCive load of Che generator is decreased, 
Chen Che moment of resistance decreases proportionally from Mc to 
M'c. With the speed n,,, of the primary motor unchanged, the speed of 
Che generator increases Co n*. In order Co maintain Che speed of Che 
generator unchanged, the automatic frequency regulator reduces the 
current of clutch excitation from Ig to I'B, i.e., by a value wich 

which Che mechanical characteristic will pass through poinC A', 
located on the line n - const. 

Let us assume that Che speed of Che primary motor increases from 
tig, Co n'm, then the mechanical characteristics, retaining its shape, 

will displace upward by n'm-tim and Che speed of Che generaCor will in- 
crease up Co n". In order lo retain the speed of the generator con- 
stant, the frequency regulator decreases the excitation from Ig to I"g, 
i.e., so much that the mechanical characteristic would pass through 
point A. 

In Chis way, upon a change in Che speed of Che primary motor or 
the active power of Che generator (Mc), ehe speed of revolution of Che 
synchronous generator rotor is maintained constant by regulating the 
excitation current of the electromagnetic clutch by means of an auto- 
matic frequency regulator. 

In an established regime the driving and the driven part of the 
clutch are acted upon by the same electromagnetic moment M, which does 
not depend on the rate of revolution, although ic differs. The power 
delivered Co Che clutch, Pm - r^M, and the power removed from the 
clutch, is P - nM. The difference in Che power surmounts to the losses 
through slipping of Che clutch: 

AP - Pm - P - hKnm - n). 

From the formula we can see Chat with increase of the range of speed 
variation in the revolutions of the aircraft engine, Che losses in Che 
cluCch increase and iCs efficiency decreases. The minimum efficiency of 
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the clutch  Is determined as 

f'mln 
Mn n 

P + P max Kn + Mdin, max - n) "ra max O 

If  we do not  take  Into account  the minimum slip,   equals  3  -   5%,   then 
approximately we can consider that  n  » t^ min,   then i^£a  M 

nm mln 
^n max 

Thus  the efficiency of a system with an electromagnetic  sliding 
clutch Is  inversely proportional  to  the range of the change  In the 
speed of revolution of an aircraft  engine. 

The principal short-coming of  the magnetic clutch Is the  tact, 
that all the slipping energy is evolved in the clutch In the  form 
of heat.   From the curve given In fig.   2.21,  we can see that  with the 
growth of range of speed variations of the primary motor,   the ef- 
ficiency drops rapidly,   and with the  2:1 range,  one-half of all  the 
energy must  be dissipated  in the  form of heat.  This requires an in- 
crease in the weight and capacity of  the cooling system.  Therefore, 
electric clutches may be used only  in a very small  range of  speed 
variations  for aircraft engines.  For example,  in turboprop engines. 

ELECTROMAGNETIC BRAKE.   In such constant  speed drives,   we use a 
differential mechanism and an electromagnetic brake. One   of  the pos- 
sible variations of  the  system is presented in fig.   2.23.  The  shafts 
of  the differential are connected:   1.  with the   aircraft engine,  2. 
with the generator,  and  3.  with the  electromagnetic brake. 

.• .'i 

Fig. 2.23.  Simplified diagram of a constant speed drive 
with an electromagnetic brake and a differential. 

Key: 1. power system, 2. aircraft engine, 3. 
generator, 4. regulator, 5. brake. 
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The gear  ratio is  selected In such a way,   that  for low gas  ground 
operating conditions   (minimum stable number of revolutions of  the 
engines) with an immobile electromagnetic braking device  (actually the 
brake rotates  slowly to control the braking moment)  the number of 
revolutions of the a-c  generator would correspond  to the calculated 
number.  Upon the increase of the number of revolutions of the engine 
the negative speed of  rotation of the brake increases   (regulated by the 
load) and in  this way  the constancy of  the rate of revolution of  the 
a-c generator  is maintained.   In this case the power  from the motor is 
transmitted  to  the generator and also  to the braking device. 

The slippage losses and  the efficiency of  the electromagnetic 
brake as well  as  in the  electromagnetic  clutch vary  in inverse pro- 
portion to the range of  the speeds of the aircraft engine. Therefore, 
for the same  reasons,   the use of an electromagnetic brake is rational 
only with a small range of variations  in the speed of revolution of 
an aircraft engine. 

The electromagnetic  brake,  in comparison with the magnetic clutch 
is smaller,  especially  for a small speed range.  Thus,  according to 
the acquired data in work  [1],  with a range of  the  speeds of the re- 
volution of 1.1-1.2 the  dimensions of the brake are 5 to IS times 
smaller than the dimensions of the generator and  the corresponding clutch. 
However,   in this case we should take into account additional weight 
and the structural complexity of the differential. 

IN THE COMBINED ELECTROMECHANICAL DRIVE presented in fig.   2.24, as 
the regulating device,   the electromagnetic clutch  is used which oper- 
ates under the residual  spinning and braking conditions. The magnetic 
clutch is switched over  from one set of conditions  to the other,  by 
a special engagement clutch, which when deprived of current,  provides 
the braking conditions,   and provides engagement  for the residual spin- 
ning conditions.  The presence of two regimes reduces losses in the 
magnetic clutch. 

The driving element   in the drive is  the pole 1,   connected with 
the aircraft  engine.  The  revolutions  from the aircraft   engine to the 
generator are  transmitted  through the gear system 1-4-2-5.  Wheel  3  is 
connected with  the armature of the magnetic clutch.  The inductor of 
the electromagnetic clutch may be set by the engagement clutch into the 
stationary position or be connected to the  rotated,   by the generator 
shaft through transmission system    6-7. 

The residual spinning conditions.  During low gas  revolutions,   the 
engagement clutch connects mechanically the inductor of the electro- 
magnetic clutch with the generator's shaft.  The  inductor receiving its 
rotating motion and the  corresponding excitation,   induces electro- 
motive force  in the armature.  The rotating magnetic  field of the ar- 
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Fig. 2.2A.  Simplified diagram of a combined electromagnetic 
constant speed drive. 

Key: 1. engagement clutch, 2. inductor, 3. arm- 
ature, A. sliding clutch, 5. reducing gear, 6. 
generator. 

mature, interacting with the field of the inductor, imparts a rotating 
motion to the armature and accordingly to wheel 3, which through 
satellite pinion 4, increases the rate of rotation of the generator 
up to the constant rate. 

The braking regime. When the aircraft engine revolves at a speed 
close to the cruising speed, and the rate of revolution of the gener- 
ator approaches the rated speed, the engagement clutch is deprived of 
current and fixes the inductor in the stationary state. In this case 
wheel 3 rotates the armature in the stationary magnetic field of the 
inductor. The rotating magnetic field of the armature interacts with 
the inductor's field, which is regulated by the corresponding ex- 
citation current, breaks the rotation of wheel 3. With the increase 
of the speed of revolution of the aircraft engine, the braking effect 
increases and is transmitted through satellite pinion 4 to wheel 2, 
connected with the generator. The generator is imparted a constant 
rate of revolution. 

The combined drive possesses short-comings noted above for the 
magnetic clutch and brake. It is true, that the switch-over device de- 
creases somewhat the process through slipping and decreases the ef- 
ficiency. However, its application has a practical sense only in a 
narrow range of speeds of revolution of the aircraft engine. 

IN ELECTRICAL CONSTANT SPEED DRIVES the mechanical energy from the 
aircraft engine is first converted into electric energy. 

IN SIMPLE ELECTRICAL DRIVES with a constant speed, shown in fig. 
2.25, the entire power, generated by a cascade passes through all the 
machines. 
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Fig. 2.25. Typical diagrams of 
a simple electrical constant 
speed drive: 
Key: 1. diagram, 2. a-c gen- 

erator, 3. d-c motor, 4. 
synchronous generator, 5. 
power line, 6. rectified. 

Fig. 2.26. Typical diagrams of a 
differential electrical drive: 
Key: 1. diagram, 2. a-c gener- 

ator, 3. d-c motor, 4. syn- 
chronous generator, 5. power 
line, 6. rectifier, 7. asyn- 
chronous transformer. 

The most promising is the system number 2. According to this dia- 
gram, the non-conduct a-c generator receives mechanical energy through 
a reducing gear system from the aircraft engine and together with the 
rectifier converts it into d-c electric energy, which is used for 
rotating at a constant speed a single armature transformer, which pro- 
duces a constant frequency of alternating-current. 

IK DIFFERENTIAL ELECTRICAL CONSTANT SPEED DRIVES as Fhown in fig. 
2.26, the power generated by the cascade is delivered over two parallel 
routes, which converge in a special machine, which carries out the role 
of a mixer. 

The speed (power) mixer in differential systems is an asynchronous 
frequency transformer (AFC). 

The regulation of the cascade's frequency upon a change of the speed 
of an aircraft engine or the load on the power supply system is carried 
out by changing the excitation of the d-c motor or the excitation of the 
generator feeding this motor. 

The relative weight of the drives according to the data in work [1] 
is rather high,,3+3.5 kg/KvA, its efficiency is relatively low, 0.55 
-0.75, and the presence of a collector in one or two of the machines 
of the cascade reduces the reliability of the electric power supply. 

The electrical drive may be used only in a narrow range of speed of 
the aircraft engine's revolution. > ■« 
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CONCLUSIONS 

1. To obtain a constant frequency of a-c generators, mechanical, 
hydraulic, pneumatic, and electrical constant speed drives are used. 

2. Constant speed drives are classified as simple and differ- 
ential. The efficiency and economy of the differential drive is higher 
than that of the simple one, these parameters improving with the re- 
versible regulation circuit. 

3. Mechanical drives have high conduct pressures between the 
torolds and the rollers, reaching 30,000 kg (force)/cm2; they require 
special lubrication, assuring a high friction coefficient between the 
rollers and the torolds and good lubrication of the other parts; they 
are complicated to manufacture. 

A.  Fluids drives in comparison with pneumatic drives have a com- 
plex design and are hard to start at low temperatures, requires ab- 
solute air-tightness, purity and cooling of the hydraulic fluid. The 
most widely used are the differential hydraulic drives with a re- 
versible regulation system. 

5.  Pneumatic drives with respect to their design are simpler than 
the corresponding fluid drives, do not require absolute air-tightness, 
since air leaks do not represents a hazard, do not require heating or 

cooling. The exhaust air may be us*d for cooling the generator and other 
units, which is especially important in supersonic aircraft. 

The drives are built in a combined variation form, which provide 
a constancy of the speed of revolution of the generator under all oper- 
ating conditions of the motors and permit starting the engines on the 
ground. 

Practical popularity was gained by the differential drives' direct 
or reversible regulation system. 

In the direct system for regulation purposes, the turbine is used, 
which increases only the rate of revolution. 

The turbine is calculated for a minimum energy level of the air 
drawn from the aircraft engine, and consequently, proves too large for 
other operating conditions, which results in a reduction of its ef- 
ficiency into a certain loss of thrust of the aircraft engine. The ef- 
ficiency of the drive is variable and reaches its maximum value of 
0.8-0.85 at rpms which are 0.8-0.85 of the rated rpm. 
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Table 2.1;   'Principal Parameters of Certain Constant Speed Drives of 
Foreign Aircraft. 
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1. Type of drive. 
2. Mechanical friction. 
3. Fluid with hydraulic dif- 

ferencial. 
4. Fluid with hydraulic dif- 

ferential. 
5. Fluid. 
6. Pneumatic with a turbine. 
7. Pneumatic with a reversive 

and pneumatic motor. 
8. Type of drive. 
9. Hays' 

10.   Sandstrand. 

11. General Electric. 
12. Hobson. 
13. Air-Research. 
14. Plessy. 
16. Efficiency. 
17. Weight. 
18. Of a unit. 
19. Flight. 
20. Revolutions. 
21. Of input. 
22. Of output. 
23. Rpm. 
24. Frequency precision 
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25. Without corrector. 
26. With corrector. 
27. Service life. 
28. Housing. 
29. Aircraft type. 

30. Boeing 707, 720, and 727. 
DC-8, VC-10. 

31. Convair 880 and 990, 
S-141, DN-121. 

32. Military aircraft. 
33. MEC-111 (or BAK-111). 

O 

In the reversible regulating system, the volume-pneumatic machines 
of the roots-type and others are used, which yield a higher efficiency 
as compared with the turbine, and require a lower additional fuel con- 
sumption, but are more complicated to build. 

6. For the majority of the motors, the drawing of mechanical power 
is economically more advantageous than drawing of compressed air. How- 
ever, the comparative characteristics depend substantially on the 
flight conditions and the load. Therefore, the comparisons are better 
made with respect to the fuel consumption, taking into account the 
entire flight schedule. Thus, for example, the additional fuel con- 
sumption with a complete drawing of power from the drive, during a 
typical flight program is: for the fluid drive 0.07-0.1 kg/kwA • hr; 
for the pneumatic drive with a turbine 0.1-0.2 kg/kwA ' hr. 

7. In electro-mechanical drives, the transmission ratio is selected 
from the calculation of the low gas dondition on the ground. With the 
Increase of the speed, the amount of losses increases. When the speed 
of the aircraft engine increases by two-times, the efficiency reaches 
50%, which requires much power for cooling. 

8. The drives (depending on the type) react differently to overloads. 
The fluid drive, calculated for the rated load can sustain 100% over- 
load during 5 sec. through a temporary increase of the fluid pressure, 
whereas mechanical and pneumatic drives should be calculated taking the 
overload into account. 

In actual practice the mechanical drive operates at 50% of the cal- 
culated load, which reduces its efficiency. The pneumatic drive should 
sustain an overload under more unfavorable parameters of compressed 
air, and consequently the pneumatic machine will be oversized under 
all other conditions. 

In table 2.1, we give the main parameters of certain constant speed 
drives of foreign aircraft. 
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Chapter III.  Voltage.Regulation In A-C Generators. 

1.  Specific Features of a Voltage Regulation. 

The Voltage regulation system for synchronous generators solves the 
following problems: 

1. It maintains the voltage of the generators at the prescribed 
level with a required degree of precision during changes of the value 
and character of the load by acting on the excitation current. 

2. It assures stability of the parallel work and uniform distribu- 
tion of reactive capacities between the generators by acting on their 
excitation depending on the value and character of the load. The main- 
talnance of the equal power coefficient (cos (()) reduces the capacity 
of the generators for an overload with a reactive current and additional 
losses of copper. 

3. It maintains the stability of parallel work of the generators 
during short-circuits by forcing excitation. 

In developing the simplified circuit diagrams of the voltage 
regulation system we should take into account a number of specific con- 
ditions: 

1. Synchronous generators in comparison with d-c generators require 
two- to three-times greater power for excitation. This is connected 
with a number of difficulties in regulating voltage by direct action on 
the excitation circuit and makes it necessary to have an additional 
machine for the excitation. 

2. The degree of voltage asymmetry should not exceed 5%, since the 
latter causes reverse sequence currents, additional power losses and a 
considerable reduction of the permissible load on the generator. 

3. Under asymmetric loads difficulties arise in the selection of 
the optimum voltage (linear, phase, mean, or direct sequence),,to which 
the sensitive elements of the regulator should react. 

2.  Circuit Diagram of the Voltage Regulator's Sensitive Element. 
Connection of the VR's sensitive elements to the line or phase 
voltage. 

In fig. 3.1 we present a circuit diagram of the sensitive element 
of a VR directly connected to the line voltage and vector diagrams of 
voltages during symmetrical and asymmetrical loads. 

■ . 

From the vector diagram it is clear, that under an asymmetrical 
load the line voltages are distorted, i.e., U^c increased and Uab and 
UQ£ have decreased. If the sensitive element ot the VR is connected 
to an increased line voltage (U^O, the regulator will lower the gener- 
ator* s voltage, while if it is connected to the lower voltage, it will 
raise the voltage generator. Analogous events will occur when phase- 
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voltages are used for this purpose. Thus, when there is an asymmetric 
phase load, the connection of the VR sensitive element directly to 
the line or phase voltage of the generator through a rectifier does 
not assure the required voltage regulation because of the distortion 
of the triangle of line and phase voltages of the generator. 

PUTTING-IN A VR SENSITIVE ELEMENT FOR THE MEAN VOLTAGE. 

The putting-in of the VR sensitive element through a three-phase 
two half-period electrification circuit for the mean voltage of the 
generator is presented in fig. 3.2. 

:     ' rife "    ; 

Hg. 3.1.  Circuit- and Vector-diagram of the VR sensitive element set 
for the line voltage. 

In the vector diagram of the generator voltages the solid lines cor- 
respond to the symmetrical load, and the broken lines to the asymmetrical 
load. 

O 

Fig. 3.2.  Circuit- and Vector-diagram of the VR senstive element set 
for the mean voltage. 

As we know, the mean value of the rectified voltage of a three-phase 
two half-period rectifier is proportional to the parameter of the 
polygon of applied line voltages: 
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rect.mn. 4 <UAB + UBC ♦ UCA) • 

where U^B» UBC and UCA " are effective values of the corresponding 

line voltages; in the line voltages of the generator are the same. 
i.e. UAB - UBC « UCA 

rectifier will be: 

/3Uf, then the voltage at the output of the 

U, rect.mn 
£— Uf n  r 2.3A Uf. 

Evidently, the degree of asymmetry and the character of the asym- 
metric load, which determines the shift between the principal voltage 
vectors of the direct and reverse sequence, will have an influence on 
the value of the mean rectified voltage. However, as indicated by the 
investigations in work [10], the asymmetry of line voltages amounting 
up to 5%,  causes an error in the rectified voltage of not more than 
0.1%, which is practically permissible for a voltage regulation system. 
The value of the regulated current does not depend on the frequency, 
which is supposed to of the factor of the system, therefore it has be- 
come popular in actual practice. 

CUTTING-IN A VR SENSITIVE ELEMENT THROUGH A DIRECT SEQUENCE VOLTAGE 
FILTER. 

The operating conditions of a synchronous generator are mainly de- 
termined by the direct sequence of the vector's of phase and line 
voltages, therefore, under an asymmetric load, the best circuit dia- 
gram of a voltage regulator is the diagram with which the sensitive 
element reacts to the direct sequence of the voltage. 

In order to separate the direct sequence voltages, filters with 
various circuits are used. For this purpose it is the most expedient 
to use line voltages, because they always form a closed triangle, and 
consequently, do not have a zero sequence component. 

In the line voltages' system, U.g, Ugc, UCA» 
voltage is determined by the following formula: 

the direct sequence 

U 
UßC e-j 

30* 
"CAe+J 

30« 
e-J 

30c 

/3 /y 
[U BC ♦ «^"1. 

From this formula it is evident that In order to obtain the direct 
sequence voltage it is necessary to add up the vectors proportional to 

■: 

\ 
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Ußg and U^, turning them by - 30° and + 30° respectively. This Is 

performed by means of filters, one of the diagrams and the vector 
diagram which Is given In fig. 3.3. 

If we select the filter elements XL, RJ, R2 and X^, In such a 

way that the vector of current Ij would lag behind the voltage In 
vector U3C by 30°, and the vector of current t2 would be ahead of 

the voltage in vector U^ by 30°, then vector IjRi in proportion 

to the line in voltage Ugg, will be shifted with respect to vector 
^R2» proportional to the line voltage 1"^.., by 60°, and the total 

vector U pn,wlll be proportional to the direct sequence voltage i 
- KU 

KD 

O 

In this way, the sensitive element of the voltage regulator 
should be put in to points D and E of fie direct sequence voltage 
filter. 

1 hi, * 

Fig. 3.3.  Block and vector diagram of the direct sequence voltage 
filter. 

The direct sequence filters may be used with a strictly constant 
generator frequency, since in the oppos te case the filter will 
yield great distortions due to changes in the resistances, X[ and Xc. 

3.  Automatic Voltage Regulators in Synchronous Generators. 

The voltage of synchronous generators is regulated automatically 
by means of carbon and non-contact voltage regulators. 

Depending on the system of the generator, the voltage regulator 
acts directly on the excitation current of the generator or on the 
excitation current of the exciter. 

CARBON VOLTAGE REGULATORS. In synchronous generators whljh have 
as an e-citer a d-c generator, the automatic voltage regulation may be 
perform A  according to the circuit diagram given in fig. 3.4. 
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Flg. 3.4. Circuit diagram of a carbon voltage regulator of the syn- 
chronous generator, excited with an exciter. 
Key: 1. stator, 2. rotor, 3. generator, 4. exciter. 

As the sensitive element the operating coil We of the carbon reg- 

ulator is used directly, which is connected to the mean line voltage 
of the generator through a three-phase transformer and two half-period 
rectifier. 

In order to increase the stability of voltage regulation, a flexible 
feed-back is used, consisting of capacitor C and additional windings W , 
which form a stabilizing circuit. 

With a considerable load-variation, the generator may find itself 
under the conditions of the non-working sector of the regulator's 
characteristic, as a result of which the strong decrease or increase 
of the voltage is possible. To eliminate such phenomena, sometimes an 
automatic compounding is used by means of a current transformer CT, 
which sends to the correcting excitation winding of the generator or 
exciter additional excitation current, proportional to the load current. 
The compounding current in all the cases counteracts the voltage 
changes at the terminals of the generator, and in this way simplifies 
the conditions of the regulator's work stability. 

NON-CONTACT VOLTAGE REGULATORS WITH MAGNETIC AMPLIFIERS are the 
roost promising from the point of view of work stability, rating the 
precision, reliability, and operating convenience. Such regulators be- 
came widely used mainly for regulating a voltage of non-contact syn- 
chronous generators or their exciters. They can be successfully used 
instead of carbon voltage regulators in combination with the conventional 
synchronous generators. 

In fig. 3.5 we present a simplified circuit diagram of a non- 
contact voltage regulator with a two-cascade magnetic amplifier MAI 
and MA2. 

The sensitive element here is the voltage meter VM connected to 
the line voltage of the generator. It consists of a saturated choke- 
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Fig. 3.5.  Simplified circuit diagram of a non-contact voltage reg- 
ulator with a two-cascade magnetic amplifier. 

well CC with a non-linear characteristic, the input-current of which 
goe^ to the control winding Wyi of the magnetic amplifier MAI. 

The selection of the working point on a characteristic of the mag- 
netic amplifier MAI, is performed by means of a displacement circuit 
WcmX, which in essence plays the role of a line channel of the voltage 
meter. The displacement coil Wcm2 serves for selecting the working 
point on the characteristic of MA2 and self-excitation of the generator. 

The magnetic amplifiers are made with an internal feed-back, while 
the output amplifier, connected to the winding of the generator's ex- 
citation, is equipped also with an additional feed-back, which makes 
it possible to increase substantially the coefficient of amplification, 
with simultaneous decrease of a number of coils of the regulating 
winding aa^tc im, rove the dynamic properties of regulation. 

The operating conditions of magnetic amplifiers are selected in such 
a way that upon the increase of the regulating signal of the first 
amplifier, its output current would increase, and upon the increase 
of the regulating signal of the second amplifier, to the contrary, it 
would decrease. This makes it possible to compensate mutually the dis- 
placement of the amplifiers' characteristics, which take place during 
fluctuations of temperature and frequency of the feeding voltage. 

With the rate of the generator voltage through windings WCIT)1 and 
Wyi, identical currents flow, which create opposite magnetizing fields 
of the same value. Upon the deviation of the generator voltage upon the 
rated value, the output current in the circuit of the saturated choke- 
coil CC, into which the regulating winding Uyj is included, changes 
by a large value in comparison with the current in the displacement 
winding Wcmi. The value of the current in the regulation winding W j 
determines the value and direction of the resulting magnetic flow, and 
the output signal of MAI. 
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3.6.  Simplified circuit diagram of the non-contact voltage 
regulator with a cascade magnetic amplifier. 
Key: 1. booster exciter, 2. exciter, 3. generator, 4. rotor, 

5. stator, 6. voltage regulator VR, 7. generator ex- 
citation winding GEW, 8. armature booster exciter ABE, 
9. exciter excitation winding EEW, 10. stabilizing trans- 
former TS, 11. stabilitron ST. 

The output signal from the magnetic amplifier MAI, goes to the 
control winding Wy^. The magnetic amplifier MA2 changes accordingly 
the current in the generator excitation winding GEW, restoring the 
voltage of the generator to the rated value. 

The regulator, according to this circuited diagram, possesses a 
sufficiently rapid action and control precision of the order of + 2%. 

In fig. 3.6 we present the typical circuit diagram of a noncontact 
voltage regulator with a one-cascade magnetic amplifier. The diagram 
of the regulator is given for the non-contact synchronous generator. 

The sensitive element of the regulator is the voltage meter VR, 
connected through rectifier R for the mean voltage of the generator. 
The VR consists of a measuring bridge, into one arm of which the stab- 
ilitron ST is connected. The bridge is balanced in such a way, that 
under the rate of the generator voltage the voltage at its output is 
equal to zero. The VR output is connected to the control winding Wy 
of the magnetic amplifier MA. The direction of the current in the 
control winding is determined by the sign of mismatch with respect to 
voltage. 

The displacement winding Wcm provides s  booster magnetization for 
the magnetic amplifier MA, providing self-excitation for the generator 
and work of the magnetic amplifier at the prescribed sector of its 
characteristic. 
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The displacement winding Wcm and the working winding W« of the 

magnetic amplifier are supplied from the armature winding of the 
booster exciter ABE. 

To the output of the magnetic amplifier through the rectifying 
bridge Bj the excitation winding of the exciter AEW is connected, 
in series with which the primary winding of the stabilizing trans- 
former TS is connected, intended for raising the stability of the 
system's work during the transition stages. The secondary winding of 
TS is connected to the stabilization winding Wct. With parallel work 
of the generators, the reactive capacities are distributed uniform- 
ly by means of an equalizing winding Wyp. 

O 

__1 2 

|     16? &ij/,imlp\dnoej>f*üJ i«*^J l-' jj 

Fig. 3.7.  Simplified circuit diagram of a non-contact voltage 
regulator with a magnetic amplifier with internal 
positive feed-back and compounding. 
Key: 1. booster exciter, 2. exciter, 3. generator, 

A. rotor, 5. stator, 6. voltage regulator VR, 7. 
generator excitation winding GEW, 8. armature 
booster exciter ABE, 9. exciter excitation winding 
EEW, 10. stabilizing transformer TS, 11. stabili- 
tron ST. 

In this way, the work of the regulator appears in the following 
form; the deviation of the generator voltage from the rated value 
is detected by the AR, which changes the current in the control winding 
Wy of the magnetic amplifier accordingly, the latter changes the 
current in the exciter's excitation winding EEW. The exciter changes 
the current in the generator's excitation winding GEW, Restores the 
generator voltage to the rated value. 
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In fig. 3.7 we show Che simplified circuit diagram of a non- 
contact voltage regulator, In which the magnetic amplifier Is used 
with self-booster magnetization (with Internal positive feed-back) 
through winding Wp and with compounding according to the generator 
load current through winding W^. The Internal feed-back simultaneous- 
ly performs both the initial booster magnetization, and therefore 
in the system the \lcm winding is absent. The work of the regulator's 
circuit is analogous to that examined above. 

In fig. 3.8 we give the simplified circuit diagram of the non- 
contact voltage regulator, consisting of a voltage meter VR, mag- 
netic amplifiers MAI and MA2, and reactive capacity meter RCN. 

The voltage meter consists of a bridge circuit, into the three 
arms of which ohmic resistances R are Included and into the force 
a non-linear element, a stabilitron ST. The bridge Itself is balanced 
in such a way that with the rated generator voltage the voltage at 
its output is equal to zero. The input diagonal of the measuring 
bridge is connected to the mean generator voltage through a step-down 
transformer TRj and rectifier. At the output of the bridge, the con- 
trol winding Wy of magnetic amplifier MAI is connected. 

The single-phase magnetic amplifier MAI is made with an Internal 
feed-back. Its operating coils Wp receive their feed from the booster 
exciter circuit through transformer TR. The stabilizing winding Wct 
is supplied from the stabilizing transformer TS over the primary 
winding of which falls the excitation current of the exciter. The 
stabilizing transformer operates only during transient conditions, and 
sends to the Wst winding a signal, proportional to the change in the 
excitation current, weakening the action of the control winding Wy 
and raising in this way the stability of the control system. 

Over the equalizing winding Wy-, flows a current which is pro- 
portional to the difference between the reactive currents of gener- 
ators operating in parallel. The voltage for thds winding is taken 
from the output resistance of the reactive capacity meter (RCM). 

The three-phase magnetic amplifier MA2 is made with an Internal 
feed-back. Its operating colls Wp receive their power supply from the 
circuit of the booster exciter, while the control winding Wy receives 
it from the output voltage of the magnetic amplifier MAI. 

The displacement winding Wcm is connected to the linear voltage 
of the booster exciter through a three-phase rectifier and serves for 
coordinating the characteristics of amplifiers and self-excitation of 
the booster exciter. 

The load on the magnetic amplifier MA2 is the excitation winding 
of the exciter EEW. 
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Fig. 3.8. Simplified circuit diagram of a non-contact voltage 
regulator with a two-cascade magnetic amplifier and 
reactive capacity corrector. 

Key: 1. booster exciter, 2. exciter, 3. generator, 
4.swltchlng-on of the excitation, 5. from the 
parallel work contactor. 

The use of the two-cascade amplifier makes It possible to Increase 
the speed of action of the voltage control circuit, that is, to reduce 
the time constant, which is proportional to the coefficient of the 
power amplification. 

Upon the increase of the generator voltage above the rated (dropping 
a load) is the output current from the measuring bridge, which increases; 
the amplifiers decrease the excitation current of the exciter, which 
decreases proportionally the generator's voltage. 

Upon the decrease of the voltage (turning on the load) the reverse 
phenomenon takes place. 

Chapter IV. Parallel Work of A-C Generators. 

1.  General Information on the Parallel Work of Synchronous Gener- 
ators. 

The parallel work of generators in comparison with separate work, 
has a number of advantages: 
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1. The reliability of electric power supply to consumers is im- 

proved, since when several generators go out of commission the normal 
power supply is not disrupted. 

2. The installed capacity of the reserve, required for supply- 
ing power to consumers when certain generators go out of commission, 
is decreased. 

3. The starting and normal work of the consumers, which exceed 
with respect to capacity any single generator, is assured. 

4. The quality of the electrical enerpy is improved, because the 
voltage and frequency stability is raised in the power supply system, 
especially when high capacity electric motors are started. 

SPECIFIC FEATURES OF OPERATING CONDITIONS. The parallel work of 
aircraft generators in distinction from the ground generators have 
certain specific features. 

1. The power o.f the generator amounts to 0.5-2% of the power of 
the aircraft engine. 

2. The large range of variations of aircraft engine speeds (1:3 
and more). 

3. The difference of the values of the speeds in aircraft engines 
operating in parallel under the same flight c mditions. 

4. Great accelerations upon changes in the speed of the aircraft 
engine. 

5. Independence of engine control from the operating conditions 
of the generators. 

CONDITIONS FOR CONNECTIONS FOR PARALLEL WORK. When synchronous 
generators are connected for parallel work it is necessary that the 
electromotive force and frequency be equal, that the phases of the 
electromotive force and the sequence of the phases of the generator 
and the power supply system being connected would coincide. 

The reduction of synchronous generators to the state which satisfies 
the above mentioned requirements is called the synchronization of the 
generators. 

The stability of the parallel work of synchronous generators is 
assured upon the fulfillment of the following conditions: 

1. For synchronizing it is necessary to have an equal and a uni- 
form speed of revolution of the generators and a sufficiently high 
synchronizing power. 

2. In generators with constant speed drives or with commensurable 
power engines measures should be taken which would include the possib- 
ility of the beginning of rocking of the generators. 

3. Sinusoidal EMF curves should also be the same, assuring the 
absence of equalizing currents of higher harmonics, which decrease 
the stability of the work of the machines and cause additional losses *• % 
in them. \^ 
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Two different operating conditions are distinguished: 
It  Parallel work of a generator with the power supply system of 

an infinitely greater power, when the change of the operating con- f^S 
ditions of a single generator (change in the excitation or load) has 
no effect on the voltage and frequency of the power supply system. 

2.  Parallel work of a generator with a power supply system of 
a comparable power, when the change in the operating conditions of the 
generator has a certain effect on the voltage and frequency o f the 
power supply system. 

LOAD DISTRIBUTION.  During parallel work of the generators the 
active and reactive loads should be distributed proportionally to 
their rated capacities, i.e., the generators of equal capacity should 
operate under a similar load with identical power coefficient, equal 
to the load capacity coefficient. In this case the power system de- 
velops a power which is equal to the sum of the powers of the gener- 
ators, included in this system, with minimum losses. 

With a non-uniform distribution of the active or reactive load the 
rated capacity of the system is not utilized, since the permissible 
maximum power of a system is reached under a rated load on one of the 
generators and the under loading of the other generators. 

The active load is transmitted to some generator by acting on its 
drive, and the generator's excitation change results only in the change 
in the value and change in the current's value. 

CONTROL AND DISTRIBUTION DEVICES. In fig. 4.1 we present a sim- 
plified diagram of the parallel work of synchronous generators which 
are operated by constant speed drives. Each generator has a frequen- 
cy regulator FR and voltage regulator VR. 

«•. 
When the generators work independently regulators FR and VR 

maintain the frequency and the voltage respectively at the prescribed 
level. The stability of the system's work in this case is assured by 
the proper statism of the regulators, that is, by the dropping speed 
characteristic in relation to the active load and the dropping voltage 
characteristic in relation to the full load. 

In the parallel work of the generators to the frequency regulator 
an active power meter is added, APM, and to the voltage regulator a 
reactive power meter RPM is added. These devices, reacting accordingly 
to the speed of revolution and their voltage tend to eliminate the 
imbalance of the load between the generators working in parallel and in 
this way to assure the minimum drop in the voltage and frequency (speed 
of revolution) with the growth of the load. At the same time synchron- 
izing devices SD appear. which provide for the connection of the 
generators for parallel work and retain these conditions under the 
prescribed parameters of the electric power system. 
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Fig. 4.1.  Simplifitd circuit diagram of the parallel work of syn- 
chronous generators: 
SG - generator; BE - booster exciter; E - exciter; CSD - con- 
stant speed drive; C - free wheeling clutch; VR - voltage 
regulator; ?R - frequency regulator; APM - active power meter; 
SD - synchronizing device; T - transformer; CP - control panel; 
S - switch; I - instruments; IC, and K,, - generator in power 
system's contactors; FC - frequency corrector. 
Key:  1. Distribution Bus; 2.  Synch Bus; 3. Distribution 

Bus. 

2. Power of the Synchronous Generator. 

When a machine's rotor excited with clocks ^Q» In"the stator 
winding during Idling then EMF Eg is induced. 

Under a mixed load under an inductive character, the phase currents 
of the stator winding lag behind the EMF EQ by a certain angle ip 
(fig. 4.2.). The currents form a rotating field, which in its turn 
causes varying magnetic linkages during the winding of the stator (ar- 
mature) $a and the EMF of the reaction of Ea armature. 

The sum of vectors *o an(i ^a» ^ equal to the magnetic linkage * 
of the resulting field, which is obtained as a result of the supposition 
of the fields of rotor and stator. The change in the magnetic linkage 
* in the stator winding a resulting EMF E is induced, which may be con- 
sidered as the sum of EQ and Ea. The voltage u at the terminals of the 
machine differs from the resultant EMF E by a value of the voltage drop 
in the dispersion resistance and active resistance of the stator's wind- 
ing. Due to the small value of these resistances in the qualitative 
analysis of the machine's work, they can be disregarded and we can con- 
sider that the EMF E is equal to voltage Ü on the machine's terminals. 

O 
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Flg. 4.2.  Simplified vector diagram of a synchronous 
generator. 

Thus, EMF EQ IS created by the principal flux <I>o, whereas voltage 
U Is created by the resulting flux 4>. Each EMF lags behind the flux 
creating It by 90°, therefore, the mutual position of the fluxes de- 
termines also the mutual position of the EMF. 

The axis of the principal rotor flux 4>o Is always ahead of the 
axis of the resulting flux $ of the stator by an angle 6 and accord- 
ingly the vector of EMF EQ Is ahead of the vector of voltage 0. In this 
case the magnetic flux aligns In the gap are Inclined, creating a 
certain magnetic pull-force. If the generator Is idling, then the axis 
pull of the rotor and stator coincide, 1. e., angle 6-0 and the 
magnetic lines in the gap are normal to the surface of the poles. 

The constant speed drive (CSD), rotating the synchronous generator 
supplies it with power P. A part of this power is used for compensating 
the losses: mechanical and for excitation, if the exciter is placed on 
the same shaft with the generator. The remaining part of the power Pe 
called electromagnetic, is transmitted from the rotor to the stator 
electromagnetically, as the result of Interaction between the mean 
flux and the currents in the stator. 

At each phase of the stator winding, the EQ EMF Is Induced, and the 
current I flows, which is shifted with respect to the phase by angle ty. 
Consequently, the electromagnetic power is developed by the generator, 
will be determined by the following equation: 

Pe ■ mEgl cos \\), 

where m - is the number of phases of the machine. 

From the vector diagram we find that 

U sin 6 
cos ii IX 
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Then 

0 v 
Pe " m —r-      sin    6, 

where 6 - is the phase shift between the vector of the idling EMF 
to  and the voltage vector U, lagging behind in time; 

X - is the synchronous resistance of the machine, consisting 
of inductive resistance of the action of armature Xa, and 
resistance Xi  of the diffusion. 

When the excitation current is unchanged the idling EMF EQ ■ const. 
If we have approximately assumed that X - const then U - const, the 
electromagnetic power will depend only on angle 6, i. e., it will change 
proportionally to sin 6. 

The active power Pa - mUI cos <>, delivered by the generator to the 
powerline, is smaller than the electromagnetic power by the value of 
the power loss ml2r, in the stator's winding. Approximately we can con- 

sider that Pe % Pa* 

ELECTROMAGNETIC MOMENT. When the generator is under a load, its 
rotor is acted upon by the retarding electromagnetic moment Me, the 
value of which is determined by the electromagnetic power of the gener- 
ator Pe, and the mechanical angular rotation speed of the rotor u: 

Pe ^ 

THE ANGULAR CHARACTERISTIC OF THE SYNCHRONOUS MACHINE consists of 
a periodical curve with positive and negative sectors. The sectors with 
positive Pe (0<9<IT; 2n <0< 3n, etc.) correspond to the generator oper- 
ating conditions (in fig. 4.3 we show the first sector), and sectors 
with the negative Pe (-n<e<0; n<9<2n, etc.) correspond to the motor oper- 
ating conditions. When the rotor rotates with a non-synchronous speed 6 
changes continuously and the machine passes alternatively from the 
generator to the motor operating conditions and back. 

The power developed by the constant speed drive in the prescribed 
operating conditions, does not depend on angle 6 and is portrait by a 
straight line Pn. After subtraction of the mechanical loss and the 
losses in the steel, the power will be portrait by a straight line P'n. 

With an established operating regime, ignoring the losses in the . 
stator circuit, the electrical power of the generator Pe, delivered inLo \ 
the power line, will be equal to P'n. 
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The intersection of the straight line P'n and curve P , dttermines 
two possible regimes of the generator, corresponding to points 1 and 2. 

If upon the change of the generator's operating conditions, the 
rotor will receive an inclination of angle AO, then for the regime in 
point 1 the power of the generator will accordingly increase by AP. 
The generator will yield into the power system the greater amount of 
power than it receives from the CSD, therefore, the rotor will be re- 
tarded and the generator will return to the initial operating conditions 
at point 1. Conversely in point 2, to the positive inclination Ad, cor- 
responds a negative power -AP, angle 6 will increase even more, and 
the generator will fall out of synchronism. 

o 

' 357 mR 
Fig. 4.3. Angular characteristic of the electromagnetic power and 

coefficient of the synchronizing power of a synchronous 
generator. 

Key: 1. stable region, 2. unstable region. 

If we gradually increase the CSD moment then the mechanical power Pn 
delivered to the generator increases accordingly. The rotor, with re- 
spect to the stator begins to shift forward into the direction of the 
rotation, decreasing angle 6, while the magnetic line in the gap stretches 
out more, producing an ever increasing counterac* 'm to the CSD moment. 
The increase of angle 6 and of the counteracting generator moment, will 
continue until the latter will become equal in value to the CSD moment. 
After this, the further increase of angle 6 will cease and the gener- 
ator will continue to operate with the former synchronous speed, but 
with a new (greater) angle 6, and its electromagnetic power, will increase 
proportionally to sin 6, reaching the maximum value at 6 • 90*. 

If after this we continue to increase the CSD moment and according- 
ly the angle 9, the generator will not only develop a greater capacity, 
but on the contrary will decrease the developed power Pe and moment Me. 
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The excess of the rotating moment CSD, with respect to Me will be 
used to accelerate the rotor, as a result of which will be a further 
increase of angle 9 and decrease of moment Me. 

In this region, the elastic magnetic lines, which earlier (when 
e<90*) had linked the rotor and the stator, are broken off, as a re- 
sult of which the rotor begins to rotate asynchronously with the 
flux of the stator. The generator falls out of synchronism, i.e., it 
ceases to operate in parallel with the power lines. 

From the angular characteristics of the synchronous machine, it 
follows that sector OB, corresponding to the variations of angle 6 
from 0 to 90*, consists of a region of stable work of the generator, 
while sector BC corresponding to the variations of angle 9 from 90 
to 180*, corresponds to the region of unstable work of the generator. 

With the Increase of 9 from 0 to 90* the speed of the growth of 
electromagnetic power decreases and within the limits between 75-90* 
it is barely noticeable. 

SYNCHRONIZING POWER. Electromagnetic power Pe per unit of angle 9 
is called the coefficient of the synchronizing power: 

dP. E0U P»ch " dT " "Hr cos 9. 

Value AP * Psch • A0 is called the synchrjnlzlng power. 

The deviation of angle 9 by the value of A9 from the established 
operating condition, causes an imbalance between power AP, resulting 
in the return of the machine to the initial conditions. The value AP 
is proportional to the steepness of the rise of curve Pe. The greater 
the P8Ch Che larger are the forces attempting to return the gener- 
ator's rotor into the initial established operating conditions. 

If angle 9 ■ 0 the electromagnetic power developed by the generator 
Pe - 0, and the coefficient of the synchronizing power reaches a 
mix 1mum 

F0Ü 
sch m 

With 9 - 90* the generator develops the maximum magnetic power 

EQU 
Pe „jax • m   , and the synchronizing power coefficient P8ch " 0. 

A 

and consequently the synchronizing power AP - 0,   1.  e.,  the generator 
cannot operate  in parallel with other generators. \ 
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Practically,  even long before  9  -  90*  the generator begins  to 
operate not quite stable,  and therefore in the synchronous generator 
angle 9 does not exceed  25°,  when sin 9 ■ 0.42,  and cos 9 ■ 0.9,   i.e., 
under the  rated conditions 

Pe    <   0.42 Pe „ax,  P8ch    >    0.9 Pe ^^ 

OVERLOAD CAPACITY.     The  ratio  between the greatest electromagnetic 
power, developed by the generator under the rated voltage excitation, 
to  the electromagnetic power developed under the  rated operating con- 
ditions,   is  called the overload capacity of a generator; 

p re max 1 pmax 
pe rated sin  9 prated Ko 

The overload capacity of a generator is inversely proportional to 
angle 9. 

If the rated capacity of a generator Praced and the voltage of the 

power system U are prescribed,  then  it  is possible  to decrease  6  in 
two ways:   by  increasing the  EMF EQ  through the  increase of  the excit- 
ation current or by the decrease of X.   Both methods  result  in an in- 
crease of  the volume of the  excitation winding,  and consequently the 
increase of  the dimensions and weight  of the machine. 

The overload capacity characterizes  the  static  stability of a 
generator,   i.e.,   the maximum power,   which it can develop during a slow 
rise of the  load, with U * const.  The static capacity of a generator 
operating under a prescribed  load  increases upon the  increase  of  its 
maximum electromagnetic moment,  that   is,  upon the  increase of  EQ  through 
the increase of the excitation current. 

The dynamic stability of the generator,  during  short-circuits or a 
sharp change  in the load,  when the demagnetizing action of  the armature's 
reaction is possible,  increases by  forced excitation or by compounding. 

3.     Idle  Running of a Generator. 

When all  the synchronization conditions are  fulfilled,   the  gener- 
ator,   after parallel work, will be under the idle running condition 
(6 « 0).  Depending on the value of the excitation,   three characteristic 
operating conditions for the generators are possible: 
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Fig.  4.4.    Vector diagram of a synchronous generator running Idle, 
a - normal excitation;  b - over excitation;  c - under 
excitation. 

1. With normal excitation  (fig.  4.4,  a)  the magnetic flux   *o 
created by the  rotors'  pull during its rotation.   Induces in the 
winding of the armature and  the EMF Eg,  equal and opposite in direction 
to the voltage of  the system Uc.  Because of this,   the current, de- 
livered by the generator  into the system is equal to zero,  and the 
EMF EQ at the same time  is  its voltage.  Therefore,   its vector coin- 
cides with the voltage vector U with respect to size and phase   (e-0) 
and consequently,   the generator does not  give to the powerline either 
active nor reactive power. 

2. Upon overexcitation the magnetic  flux of the poles and the 
EMF EQ  Induced  in the generator's armature  increases.  At the same 
time in the generator's armature a current and a magnetic flux of the 
armature's reaction appear.   In this way,  the operating magnetic flux 
$ in the machine's airspace will be determined by  the difference of 
the  fluxes of poles   4>    and  the action of  the armature    *   (see fig. 
4.4,  b). U a 

Now the EMF EQ consists  of two components:  U,  which balances the 
voltage of  the power system Uc and AU,  which balances the EMF Induced 
into the armature by the  flux  4   and represents a complete voltage 
drop  in the armature: 

EQ  -  U + AU;      AU - EQ  - U. 

The potential difference AU causes the appearance of an equalizing 
current I in the circuit of the generator in the power system, which 

lags by 90° behind AU and U, and since X >> r: 

AU  AU 
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where Z, X, and r - respectively, are the full, inductive, in- 
active resitances of the armature. 

This current is purely inductive with respect to the generator 
and purely capacitative with respect to the voltage of the power 
system. By creating the longitudinal reaction on the armature, it 
strives to demagnetize this generator, decrease its EMF, and magnetize 
the generators operating in parallel with it (increase their EMF). 

In this way, upon the overexcitation, and when 6 « 0, the gener- 
ator yields into the power system only the reactive power of the 
inductive nature. 

3.  During underexcitation of the generator the working magnetic 
flux will be determined by the sum of the pole fluxes and the re- 
action of the armature (see fig. 4.4, c). 

In the generator's circuit and in the power system, and equal- 
izing current forms again, the value of which is found similarly to 
the overexcitation regime. This current lags by 90° from AU, and is 
ahead of U by 90°.   ' 

In this way, with underexcitation and when 9=0, the generator 
consumes from the power system a reactive capacity of the inductive 
nature. 

4.  Work of the Generator in parallel with the Power System 
During Constant Excitation and Variable Active Power, (ig = 
const; P ■ var). 

Let us examine the parallel work of a generator with a power system 
of infinite power where the voltage and the frequency are constant 
(Uc ■ const, f ■ const) and do not depend on the excitation change or 
the generator load. 

In order to put a load on the generator, connected in parallel with 
the power system, it is necessary to act on its constant speed drive 
(CSD) which in its turn changes the rotation moment into electromagnetic 
(active) power of the generator. In this case the EMF is ahead of the 
voltage and the generator absorbs the active power, proportional to the 
sign of angle 6. 

During constant excitation of the generator its EMF is constant and 
consequently the active capacity depends only on the change in the sign 
of angle 6. 
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The vector diagram in fig. 4.5, shows a case of transition of the 

generator from idling operating conditions, when its EMF EQ is equal- 
ized by the voltage of the power system Uc, and a sudden load I, with 
which vector EQ  is ahead of voltage U by angle 6. 

As a result of this lead, there is a certain difference ia poten- 
tial AU, which causes in the generator-power system circuit the ap- 
pearance of current I, which lags with respect to phase from the volt- 
age AU, by 90°. Since in the generator X >> r, the value of the cur- 
rent is determined by the formula: 

E-U 
X 

AU 
X 

Fig. 4.5. Vector diagram of the conversion of the synchronous 
generator from the idling operating conditions to a 
load. 

This current almost coincides with respect to phase with the EMF 
of the generator, and with respect to the power system voltage it is 
almost in counter-phase, i.e., it is the active current of the load 
for the generator and the active current for unloading the power system. 

If we change the CSD conditions in such a way that the rotor of 
its generator would have an acceleration with respect to the rotors of 
the other generators by a certain angle, then the EMF of the generator 
under examination will be ahead of the EMF of other generators, which 
will cause a corresponding increase of the active power of this gen- 
erator. In this way, the leading with respect to phase of the EMF vector 
of this generator, of the EMF vectors of the other generators, results 
in an Increase of its load, while its lagging results in the decrease. 

In order that the generator would yield into the power system only 
the active capacity, it is necessary to have a certain normal excitation 
of it, which Increases with the Increase of the load. 

In order to yield to the power system an active and an inductive 
capacity, the generator should have a certain overexcitation, and in order 
to yield into the power system the active and capacitatlve power, it 
should have a certain underexcitation. The value of overexcitation or 
underexcitation required, is determined by the value and nature of the 
load. 
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5. Work of Che Generator in Parallel with the Power System 
During Variable Excitation and Constant Active Power, 
(ig - var; P - const). 

In fig. 4.6 we show the vector diagram of a synchronous generator, 
operating in parallel with the power system of infinite capacity with 
a variable excitation and constant active power. 

Let us trace in the vector diagram the variations of the gener- 
ator's operating conditions upon the regulation of the excitation 
current. 

With a constant rotating moment of the CSD the active and electro- 
magnetic powers of the generator are constant. 

Since the voltage at the generator's terminals remains also con- 
stant U * const, then 

O 

Ia « I cos $ = const, EQ sin 6 > const. 

The equations show, that vectors I and Eg have holograph (geometric 
loci of the ends of vectors) in the form of straight lines cd and ab, 
shown with a broken line, where three vector diagrams correspond to 
various EMF value (that is, excitation currents). 

fXcosv-coast 

2    it>llHnepe8o)äi/*dfmk'* 

liSinifi'Var 

JjCOSfi •const j '^y 

d 

Fig.  4.6.    Vector diagram of a synchronous generator operating in 
parallel with a power system of  infinite capacity during 
excitation variation. 

Key:   1.   underexcitation,  2.  overexcitation. 

During normal excitation i},  the generator has an EMF Ej,  $1  ■ 0, 
minimum possible stator current Ij,  and yields  into the power system 
only the active power P. 
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If we overexcite the generator, In part imparting to it excit- 
ation 1 2» the values and directions of the EMF E2 and current l2f 
change accordingly; the latter forms angle $?>(), with voltage U. 
The generator gives into the power system the same value of the active 
power and reactive power of the inductive nature. 

An analogous phenomenon occurs upon underexcitation of the gener- 
ator, when the excitation current £3, EMF E3, and current I3, and 
angle ^3 <0. 

The generator yields to the power system an active power of the 
same value, and the reactive power of the capacitance character. 

In this way the change in the excitation causes a change in the 
generator current with respect to value, and also with respect to 
phase through the reactive component, while the active component re- 
mains constant. 

In fig. 4.7 we show U shaped curves of a synchronous generator, 
characterizing the work of the machine with a constant power (P • 
const) and variable excitation (iß - van). 

The family of curves is given for the various powers P3>P2> P-pPo 
= 0, where curve PQ = 0 is taken for the idle running. The minimum 
generator currents are with cos <l> = 1. With the increase of the power 
the summits of the curves move upwards and to the right, since upon 
the increase of the load in order to obtain a constant voltage, the 
excitation will be increased. 

The value of the synchronous resistance of the machine X, has 
an effect on the character of U-shaped curves, i.e., the smaller the 
X, the more pointed the curves. 

The work of the generator is determined by the boundary straight 
lines ab and cd, which establish the maximum, permissible stator and 
excitation currents. For example, with power Pj the generator may oper- 
ate without overheating from point 4 to point 5, in this case cos $ 
will differ. After point 4, the stator armature winding will overheat, 
and right at point 5, the rotor winding (excitation) will overheat. 

According to regulation of the excitation current ig angle 6 
also changes. The greater the iB current, the greater the angle 6, and 
vice versa. 

6. Parallel Work of Generators of Comparable Power. 

Parallel work of two generators of a comparable power repeating 
with constant angular velocities in principle occurs similarly to the 
parallel work of the generators with a power supply line of an infinite 

£* 
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Fig. 4.7. U-shaped curves of a synchronous generator. 
Key: 1. lead; 2. lag. 

capacity. However, upon the change of angle 9, the voltage vector U, 
does not remain constant, as it was during the work of a generator with 
a power system of infinite capacity. 

The transfer of a load from one generator to another is qualitatively 
represented in fig. 4.8. The electromagnetic power developed by the 
first generator, is determined by angle 6^, and that of the second by 
62« If we impart to the second generator a certain lead, A62, then its 
electromotive force E2 will move into position of E^, and voltage 
vector U into the position of U', and the current vector I into I* 
position. 

Thereafter, the powers yielded by the generators, are determined 
by angles 9'1 and 9'2. The power of the first generator decreases and 
that of the second increases. 

Upon an increase of the load in the power system in diagram of fig. 
4.9, the vectors  of I and voltage U will respectively move into posi- 
tions I' and U1. The active powers yielded by the generators to the 
power system will be determined by angles 9'! and 9'2. The current 
vector I' in this case will grow, while the voltage in vector U' will 
wane. In order to leave the power system voltage unchanged, it is 
necessary to increase the excitation of the two generators accordingly. 

During parallel work of several similar generators their total 
capacity is approximately proportional to the sum of sines 9, and is 
distributed between them proportionally to the sines of these1 angles. 

To transfer a load from one group of generators to another, it is 
necessary to act on the regulators of their drives, which assure the 
required changes of angle 9 in such a way that the sum of angles of one 
group is equal to the sum of degrees of angles of the other. 

- 306 - 

O 

— 



o 

'    '1 

i • 'V : i 
t' 

i r 

Fig. 4.8. Vector diagram of 
transfer of a load from 
one generator to another. 

Fig. 4.9. Vector diagram of in- 
creased generator load. 

The reactive capacity between identical parallel operating gener- 
ators with equal excitation is distributed equally, whicl. assures the 
least loads in the copper of the armatures. 

The transfer of the reactive load from one generator group onto 
the other, maintaining the voltage at the busbars unchanged, is 
reached by changing the excitation of the machine (by decreasing the 
excitation of the loaded and increasing those of the unloaded). 

If it is necessary to disconnect one generator from the power 
system, we should first transfer from it unto the other generators, the 
active load and then the reactive current. After this, the disconnection 
of the generator will not cause a current shock in the remaining gen- 
erators and voltage oscillations on the power system's busbars. 

7.  Distribution of the Reactive Power during Parallel Work of 
Synchronous Generators. 

The voltage on the distributing busbars is maintained constant (with- 
in permissible limits) with voltage regulators, by changing the ex- 
citation of the generators. 

Since in actual practice there is a difference of characteristics, 
tune-up, and speed of the voltage regulators, the overexcitation of 
some generators and underexcitation of others is possible. As a result 
of this, the reactive load is distributed between the generators un- 
stably and non-uniformly. This may result in an inpermissible over- 
load of overexcited generators with reactive current. 

The reactive power meters (RPM) reacting to the non-uniform dis- 
tribution of the reactive load, act on the excitation circuits of the 
generators to voltage regulators and aid in avoiding the above mentioned 
phenomenon. 
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Fig. 4.10. Circuit and Vector diagram of the reactive capacity 

meter. 
Key: 1. to other generators, 2. parallel work sig- 

nals, 3. reactive power meter, 4. voltage regul- 

ator. 

THE REACTIVE POWER METER (RPM). One of the possible circuit dia- 
grams and vector diagrams of the reactive power meter are shown In 

fig. 4.10. 

The system uses the principle of separation of the signal, pro- 
portional to the reactive current of the generator. This signal is 
sent to the equalizing winding Wyp of the magnetic amplifier of the 
voltage regulator. This device is supplied with power from the in- 
put transformer TR connected to the line voltage of the generator. 
The current generator TT is connected to the "free" phase, and its 
load is resistance Ri, connected between the mean point of the sec- 
ondary winding of the input transformer and the output resistance R. 

In the diagram we use a one-half period rectification, during 
which the output voltage is equal to the difference between voltages 
of the arms of resistor R, and the currents are directed against one 

another. 

When the generators work separately, then the secondary winding 
of the current transformer TT is shorted by the conducts of relay P, 
or during parallel work and uniform load of the generators the cur- 
rent from the transformer does not flow through resistance Ri and the 
difference of the potentials between points 5 and 6 is equal to zero. 

Under a non-uniform load of the generators on the resistance Ri 
from the current of phase A (l'A is the current in which allowances 
are made for the transformation coefficient) a voltage drop occurs, 
which is added up with the voltages U^ and U23 «nd produces vectors 
llARl + ü12 and llARl + U23- 
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Flg. 4.11.  Simplified circuit diagram of the reactive power 
meters during the parallel work of generators. 

If vector I'^Ri Is expanded Into active I'A^I COS ^> an^ reactive 
I'A^I 

s^n ^ components, then the active component upon being added up 
with vectors U12 and U23 yields to Identical vectors (broken lines on 
the diagrams) and the difference of potentials of point 5 and 6 from 
these vectors will be equal to zero. The reactive component Is sub- 
tracted from vector U12 and Is added up with vector 1123» therefore, 
between points 5 and 6 there will be a difference of potentials ZKI*. 
Rj sin 4> (where K is the rectification coefficient), proportional to 
the reactive component of the current. 

The difference in the potentials causes a current in the equalizing 
winding of the voltage regulator. With a lagging cos ♦ in the gener- 
ator, the ampere coils of the equalizing winding are directed according 
to the ampere colls of the regulator control winding. In this case the 
generator voltage decreases proportionally to the value of the inductive 
current of the imbalance between generators. 

With a leading cos 41 (capacity load) the equalizing current does 
not change its direction, and the voltage of the generator Increases. 

DISTRIBUTION OF THE REACTIVE POWER. In'fig. 4.11 we present the 
simplified diagram of the connections of reactive power meters (RPM) 
during parallel work of n generators, where the secondary windings of 
the current transformers are connected in series. 

If all the generators operating in parallel carry a uniform load, 
then over the secondary windings of the current transforners flow 
equal currents proportional to the generator currents. These currents 
are closed through the equalizing circuit; the voltage drop at the 
coupling impedances from the reactive components of the current load 
does not arise, and therefore the loads do not affect the voltage reg- 
ulators. 

o 

If for some reason the reactive load of one of the generators be- 
comes larger than that of the others, then in the coupling Impedances 
the corresponding currents l'i; 1*2» ••• I'n» begin to flow. 

For a circuit, consisting of coupling impedances R^ R2; . • • Rn 
(ignoring the resistances of the connecting conductors) according to 
the second law of Kirchhoff, we can arrive at the following equation: 
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I1! Ri + I,2R2 + . . . + I'nRn - 0- U) 

Where  Ki • I« ■  . . . - Rn - R, to I* i + I'? + . . . + I*  - 0. n 

According to the first law of Kirchhoff for units of 1, 2, .... n, 
the following expressions are correct: 

I'I - K^-iy;  ^ -   / -  V • • • I'n - IT ' h      (2) 

where 1^ - Is the load current of the 1 generator; 

K  -  Is the transformation coefficient of ehe current trans- 
former; 

I  - Is the equalizing current In the connecting conductor. 

Let us substitute these expressions Into formula (1) 

i 

K 

.   ,   . /(i = 

/n-'ep. 

In this way, the current flowing through the equalizing re-Ustance 
of the J circuit is proportional to the deviation of the load current 
of the 1 generator from the mean value of the load currents of all the 
generators. As It was noted above, the RPM takes from the cotpllng Im- 
pedance a signal, proportional to the reactive load, and transmits It to 
the 1 voltage regulator. The latter causes a decrease of the excitation 
current of this generator ai:d a corresponding decrease of Its reactive 
load. 

The total voltage drop at all the resistances of the remaining gen- 
erators Is equal to the voltage drop at the resistance of the 1 gen- 
erator, but has the opposite sign and Is divided between these resistances 
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proportionally to their values. These voltage drops cause a corres- 
ponding Increase In the excitation current and accordingly of the 
reactive load of the remaining generators. 

In this way we achieve the uniform distribution of the reactive 
load between the generators, the voltage at the busbars remaining 
constant. 

If, according to the operating conditions or as the result of a 
fault, one of the generators is disconnectrd from the common busbars, 
its current transformer is automatically snunted by plug-contacts of 
the corresponding relay, eliminating in this way its influence on the 
distribution of the reactive load between the generators operating in 
parallel. 

FAULTS DURING PARALLEL WORK OF THE GENERATORS may cause the follow- 
ing phenomena: 

1. Under excitation of one of the generators owing to the fault 
or incorrect initial setting of the voltage regulator results in the 
corresponding reduction of the reactive power load of this generator. 
The equalizing circuit, striving to level off the reactive load, de- 
creases the voltage at the generators which are in good order. As a 
result the lower the voltage is established in the power system. During 
a considerable load on the power system, a large reduction of the syn- 
chronizing moment of the faultv generator mav result in its falling out 
of synchronism. 

2. Overexcitation of "ne of the generators due to a fault or in- 
correct initial setting of the voltage regulator results in a corres- 
ponding overload of the same generator with reactive current. The 
equalizing circuit, striving to level off the reactive load, results la 
the growth of the voltage on the generators in good order. The voltage 
at the faulty generator is not decreased because of the faultiness of 
its excitation. As a result, in the power system there may be estab- 
lished a considerable over voltage, and in this case the faulty gener- 
ator is overexcited and the ones in good order are underexcited. When 
there is a considerable load in the power system, the decrease of the 
generators in good operating order cau^e them to drop out in syn- 
chronism because of the decrease of synchronizing moments. 

8. Distribution of the Active Power during Parallel Work of Syn- 
chronous Generators. 

During parallel work of synchronous generators the active power is 
distributed uniformly by the automatic system, consisting of active 
power meters, which correct the devices and the speed regulators, which 
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act on the constant «peed drives, which accordingly change the rotat- 
ing moments of the generators. 

ACTIVE POWER METERS (APM). One of the possible systems for an 
active power meter and its vector diagram with a uniform phase load 
are presented in fig. 4.12 and fig. 4.13. The system enables us to 
obtain a voltage, proportional to the active component of the cur- 
rent generator. As we can see from the diagram, the voltage of phase A 
is divided in half at point 3 and each half UJJ and U32 are rectified 
by diodes D\  and D2 respectively, and mutually subtracted at re- 
sistance Rj. 

I 

S-^/^ TT 
Kepptimupyiomoi 

2 Aj odkoMMO 

( 

Fig. 4.12.  Active Power Meter. 
Key: 1. corrective wind- 
ing. 

Fig. 4.13. Vector diagram of the 
active power meter. 

Consequently, the resulting voltar,e taken from this resistance, 
is porportional to the difference between the vectors of voltages L'^ 

and 1)1,2: 

Ua - K(U1W -■ U^). 

where K -  is the proportionality coefficient. 

Since voltage Um and Ui^ durir ; the idle run are equal and go in 
opposite directions, the resulting voltage Ua « 0. 

If to the resistance R we deliver a voltage proportional to the 
load current Ia from the transformer current TT, then the voltages Um 
and Ui,2 will be equal respectively to the sum and difference of volt- 
age vectors (U^.o« Ui^.o) during idling and voltage drop in resistance 
Kf 1• G • • 

u i'» u 1'* 0 + RIA; Uu? - Ui4?.n " RIA» 
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where the current transformation coefficient is conventionally as- 
sumed to be the unity. Now the voltage difference U^-U^ is already 
unequal to zero: 

Ua - K(Ullt-U^). K((j1(4.o + ^A - ^2.0 + RIA) - 
2KRIA- 

With a small KIA value the difference between the voltage vectors 
Um and 1)^2 may be replaced with the difference of their projection 
on the direction of voltage Uj^, i.e.. 

Ua - 2KRIA cos #. 

In this way, on the resistance Kj the output voltage is propor- 
tional to the active current of .he load. This voltage is used to 
ascertain the correcting winding of the speed regulator. 

DISTRIBUTION OF THE ACTIVE POWER. The drive speed regulator, on 
receiving the signal from the centrifugal censor (or Tacho-generator) 
connected with the generator shaft, and acting on the constant speed 
drive, provides for the constancy of the speed of the generators' 
rotations (frequency'of the current generator) during both the separate 
and parallel work of the generators. 

'/oppttmtf 

mu I 

1. 
I'. 

Fig. 4.1A.  Simplified circuit diagram of the active parallel 
meters during the parallel work of the synchronous 
generators. 

Key: 1. connected for parallel work, 2. frequen- 
cy corrector. 

The active power meters by means of the correcting windings, acting 
on the speed regulators, assure the parallel work of the generators and 
uniform distribution of the active power between them. 
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One of the possible systems of distribution of active power 
between the generators operating In parallel is given In flg. A.1A. 
In the system, the correcting circuits of all the generators are 
connected In parallel and the resistances of the correcting windings 
of the magnetic amplifiers are equal, 1. e.. <"' 

RyJ  - Ry2 *yl 
Ky  n y * 

Let us designate the voltage between points M and L with U on the 
basis of the first of Kirchhoff's law for point M we can write 

/.1+/.1+ . »:*.H-f»Hr • • <+/..=<>•. 

(l^i+^i^'-i-. . . +i--^ + 
*t 

i ,   . i     ... i ••?• 

.    . .1  if 

~L'tl 
- Umin. 

In this way, the voltage between points M and L is equal to the 
arithmetical mean of the voltage drops at the output resistances of 
the APM. 

If the active load on all the generators is equal and the active 
components of the load currents and consequently the voltages at the 
output of the active power meters, will be equal, i.e., 

;;    i!       ". i.f • i 

In this case    ?/ .' •:,      I       B l| )| I, 

M-i    n    1 

1    ;   i    •  •  • /. 
V-U.m-Q 

i.e., Lal 
la2 la  1" la n " 0. 

Thus,  with a uniform distribution of  the active load no currents 
form in the corrective circuits,  consequently,  the signal does not ar- 
rive to the  frequency corrector and the latter does not affect  the 
speed regulator. 
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If for some reason the active load of one or several generators 

change, then their correcting voltages (Uai, Ua2»'**Ua n) 
0f a^  t*16 

generators change accordingly. In the corrective windings of the mag- 
netic amplifiers currents originate which are proportional to the de- 
viations of the corrective voltages from the mean voltage value Um£n: 

("cp " Umin) 

In accordance with these currents the magnetic amplifier, through the 
frequency correctors, act on the speed regulators in proportion to the 
deviation of the active load of the generators from the mean active 
load per one generator. 

Thus, for example, if the active load in one of the generators de- 
creases, iu its correcting winding then, a current Iaj > 0 appears, 
which will result in an increase of the rotating moment on the shaft of 
the generator and a corresponding Increase of its active power. Simul- 
taneously, in the correcting windings of the remaining generators, in- 
verse direction currents will appear (due to the decrease of the mean 
value of the correcting voltage Vmin  caused by the decrease of voltage 
Uai) which will result in a decrease of the rotating moments and active 
loads of these generators. 

9. Automatic Frequency Regulation. 

Constant speed drives with speed regulators without a correcting 
device enable us to obtain a frequency with a precision of + 2X,  but 
for the automatic synchronization of the generators during parallel 
work it is required to have a high frequency precision of + 1Z and 
higher. 

In order to obtain a frequency with this precision, usually the 
differential automatic frequency regulators are used (AFR) with mag- 
netic amplifiers, one of the variations of which is given in fig. 
4.15. 

The tft tern  has two resonance circuits of which one is tuned up for 
a frequency somewhat more than the rated frequency, and 2, for a fre- 
quency somewhat higher than rated. The voltages at the output circuits 
through rectifiers are delivered in opposite directions towards the 
regulating winding of the magnetic amplifier. 

With the generator frequency equal to the rated, in the circuits' 
flow currents, shifted with respect to one another by 180°.The poten- 
tials at points A and B are equal and consequently, the current at the 
output is absent. 
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FIR. 4.15.  Simplified diagram of automatic frequency regulator. 
Key: 1. automatic frequency regulator (AFR), 2. 

to the AFR'a of other generators, 3. 40 v 800 cps, 
4. correcting winding of the drive's speed regu- 
lator (CWR), 5. control generator. 

Upon a decrease of frequency the current of circuit 2 decreases, 
and the current of circuit 1 increases. Consequently, upon the de- 
crease of frequency, the potential of point A will be higher than the 
potential of point B, and the rectified current will flow from point 
A to point B over the control winding Wv of the magnetic amplifier. 

The value of the current is proportional to the differences of 
voltage drops at resistances Ri, R; and R3: 

(Ul ^ U^) - (U2 ■>■ U'j) O 

♦A -» 

/fyi f^h, 

. i/v A 
# \mf s 

1 

My M    /m 
A 

Fig. 4.16. Curve of the current change in the control winding 
in relation to frequency. 
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Upon the Increase of frequency above the rated, the potential 
In point B becomes higher than potential In point A, the current In 
the control winding of the magnetic amplifier will change Its di- 
rection. 

The curve of the current change In the control winding In relation 
to the frequency change as shown In fig. 4.16, Is given. 

In order to Increase the stability and precision of work of the 
APR and decrease of the outside dimensions of the resonance circuits. 
It is supplied with a voltage of higher frequency (800 or 1200 cps) 
from the control generator. Installed on a single shaft with the 
principal synchronous generator. The feed from the control generator 
makes It possible to react to the speed of the rotor's rotation, and 
not to the frequency of the power supply system, which during transient 
processes with parallel work might not coincide with the speed of the 
rotor. 

The frequency regulators operating according to the system, main- 
tain the frequency of the synchronous generator with the precision 
of up to + 1Z and higher. 

With separate and parallel work Ot the generators, the output cir- 
cuits of the AFR are connected in parallel as It is shown in fig. 4.17. 
The diagram enables us to reduce to a minimum the difference lä the 
frequencies of individual generators. From the diagram it is clear, that 
at the output of each magnetic amplifier, depending on the deviation of 
the generator's frequency, a voltage is formed. 

Ui - Kf^. 

and  in lines connecting points A and  B,   the mean voltage Umin  Is 
maintained.   Upon  the deviation of  the  frequency of any generator  to the 
control winding Wv,  of   its magnetic amplifier a current will flow, 
which is proportional  to the instantaneous  frequency delineation. 

Ui  - "min ^1  -  ^min 
1  m        - - » 

whore Z -  is the resistance of the operating coils of the magnetic 
amplifier. 

In accordance with the control winding current, the magnetic am- 
plifier gives out a signal to the correcting winding of the speed regu- 
lator of the drive. The latter changing the speed of revolutions of the 
generators, restores Its rated frequency. 
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Simplified circuit diagram of an APR during parallel work. 
Key: 1. from the control generator, CG, 2. APR, 

3. Ma, 4. CWR. 

O 

10.  Synchronization of the Generators upon Connection of Paral- 
lel Work. 

The generators are connected for parallel work with strict syn- 
chronisation (of voltages, frequencies, phase coincidences, and their 
identical sequence). The special devices assure the conditions of syn- 
chronization at the moment the generator is turned on and maintained 
after its turn-off under the minimum equalizing current and the mini- 
mum excess power shock at the moment of being turned on. Failure to 
observe the synchronization conditions results in the formation of an 
equalizing current «hock, and an excess moment. 

Turning on of generators during equality of voltages and equality 
of frequencies or non-coordination of phases causes u  pulsation of the 
voltage differences and formation of an active current component, which 
alternately loads the power supply system and the generator which is 
being connected with an active power. 

Turning on during the equality of frequencies and coincidence of 
phases but without maintaining the voltage equality, causes an equal- 
ization current 

and when 

/ ^-f/c 
>p (* + *,)- J{X+Xt} 

/?«^an<Wc«^c  ( 

»r X + Xt 

where R and X 
Rc and X( 

are resistances of the generator; 
are the resistances of the power system, 
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Chat is, the equalizing current has mainly a reactive measure. It in- 
creases the field of the machine with a lower voltage and decreases the 
field of a machine with a higher voltage, maintaining an equal voltage 
at the power supply system's terminals. 

Two synchronization methods exist: self-synchronization and pre- 
cision synchronization. In aviation wide popularity was gained by 
precision automatic synchronization, the possible simplified diagram 
of which is given in fig. 4.18. 

• I   UJuua ci/*Mpo*uiQHuu 

• ; 
.'■ • 
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Fig. 4.18.  Simplified diagram of the automatic precision 
synchronization device. 

Key: I. Synchronization busbar, 2. generator's 
busbar, 3. two other generators, 4. parallel 
disconnection, 5. turning on the RPM, 6. 
turning on the APM. 

In the system examined, the generator has a frequency close to the 
power supply system frequency and is connected to its own distributing 
busbar, with contactor K. The generator is connected for parallel work 
(to the synchronization busbar) automatically by a; synchronizer with the 
parallel work switch 1 turned on. 

To the diagonal of rectifier B, a voltage is delivered equal to the 
voltage difference of similar phases of the turned on generator and syn- 
chronization busbar. This beat-voltage proportional to the slipping of 

A 
- 319 - 

O 



\ 

the voltage,   is rectified and delivered to  the windings of relay P2. 
If  the rectified voltage U2  is higher than  the voltage required  for 
operating relay P2,   the  relay operates,  contacts ?2l*  an<* condenser C 
begins to charge. 

Upon synchronization,   the voltage U^ will drop to a value of re- 
lease of  relay ?2  and contacts of  P21  will  close the circuit of  re- 
lay P3 and condenser C will discharge through the winding of  relay 
P3. Upon the operation of relay P3 the contacts of P31 close.  Contactor 
Kc operates and connects the generator  for parallel work  (to the syn- 
chronization busbar).   Contacts Kc  close  the circuit of relay P).  Con- 
tacts PJI  open,  disconnecting the automatic  synchronization AS,  from 
the synchronization busbar,  the contacts of P^  close and those of  Pi 3 
open,  connecting ARM and RPM respectively  for parallel work. 

In this way the generator is connected  to the  synchronization bus- 
bar  (for parallel work) after relay  P^  opens after a certain time equal 
to the  total time of operation of relay P3  and synchronization con- 
tactor Kc. 

11.     Behavior of  the Power System During Faulty Operation of  the 
Drive and Role of the Idling Clutch. 

i 
1   The output shaft of the CSD and the generator shaft may be connected 
'rigidly all through an idling clutch, assuring a one-sided transmission 
of the rotating moment from the drive to the generator. If the rate of 
rotation of the generator increases the rate of rotation of the output 
shaft of the drive, the clutch disengages the shaft, permitting slipping. 

If, because of the fault of the drive, the rate of revolution of one 
of the generators increases considerably, this will result in the follow- 
ing phenomena: 

1. The faulty generator is loaded with an active power, i.e.. It 
takes upon itself all the active power of the power supply system, if 
it is capable of covering it. 

2. The faulty generator delivers an active power to the generators 
in good order, operating as motor*. 

If the shafts are connected tightly, the power is expanded for 
rotating the drive. If the shafts are connected by an idling clutch, a 
small amount of power is used only for overcoming the friction of the 
slipping clutch. 

3. As a result of the excessive overload, the faulty generator may 
fall out of synchronism, causing great power fluctuations in the system. 

4. The equalizing circuit of the active power meters strives to 
increase the rate of revolution of the generators in good order. 
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5. The current frequency in the power system increases sub- 
stantially. 

6. The voltage remains unchanged, and the generators in good order 
deliver their share of reactive power to the power system. 

If, because of the fault of the drive, the speed of revolution of 
one of the generators decreases, the following takes place: 

1. The faulty generator discharges its active power. 
2. The generators in good order take upon themselves the active 

power of the faulty generator. 
3. Generators in good order deliver active power to the faulty 

generator, which operates as a motor. 

If the shafts are connected tightly, the power is expanded for 
rotating the drive. If the shafts are connected with an idling clutch, 
the small amount of power is spent only for overcoming the friction of 
the slipping clutch. 

4. A faulty generator, operating as a motor, continues to deliver 
to the power system its share of reactive power. 

5. Upon a considerable decrease of the speed of the faulty gen- 
erator's drive, the current frequency in the power system decreases. 

In the presence of an idling clutch, the faulty generator should be 
left connected to the power system, since It drawn only a small active 
power for slipping of the clutch, at the same tlmo working as the re- 
active power compensator. 

Chapter V. PROTECTION AND CONTROL OF SYNCHRONOUS GENERATORS. 

1.  General Statements. 

With certain types of damage to the generator and Its feeder line, 
the rise and drop of voltage and frequency beyond the power of per- 
missible values Is possible. 

During short-circuits inside the generator or in its feeder, the 
current-bumps may exceed ten-times the rated value and Insplte of their 
brief duration, may produce difficult conditions for the generator it- 
self and the elements of the electric-energy transmission and distribu- 
tion system connected with it. 

The above mentioned phenomena \iave  a substantial Influence on the 
working capacity of the electric power system and consumers and make It 
necessary to use the corresponding protective devices. 

The principal types of protection for a-c generators and their 
feeders are: 
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1. Maximum current protection, reacting to the short-circuit cur- 
rent in the circuit protected. The protective system goes into action 
when the current exceeds the previously established values and operates 
without a time lag (current cut-off) or with a time lag (maximum pro- 
tection). 

2. Differential current protection from short-circuits, based on 
the principles of comparison with the currents at the beginning and end 
of the protective circuit (longitudinal protection) and In two paral- 
lel lines with a similar parameter (lateral protection). This pro- 
tection system operates without a time lag (practically instantaneously) 
if the difference between the currents compared, exceeds the previously 
established value. 

3. Protection from the minimum ind maximum voltage operating with 
a time lag upon the deviation of the voltage beyond permissible bounds. 

A.     Protection against decrease or increase of frequency, operating 
with a time lag opon the deviation of the frequency bevond the per- 
missible limit*. 

Generator and feeder protection against short-circuits should 
satisfy the principal requirements demanded of the power supply system's 
protective devices with respect to selectivity, speed, sensitivity, and 
reliability. 

The maximum current protection may be carried out by m. .jns of fuses, 
bi-metallic automatic devices, or current relays. The other types of 
protection work may be carried out only by means of relays and are 
called relay types. 

According to the method of action of the fluctuating element on the 
main conductor of the generator, the relays are divided into direct and 
Indirect action relays. In direct-action relays the fluctuating elements 
act mechanically on the disconnecting mechanism (latch) of the con- 
ductor. In the indirect-action relays, the fluctuating elements control 
the circuit of the auxiliary source of working current, feeding the 
disconnecting device of the conductor. 

Protective systems with Indirect-action relays in comparison with 
protective systems with direct-action relays, require operating current, 
have a more complex system, and greater range of operating network, but 
possess a higher precision, sensitivity, and consume less power, in as 
much as they control the operating current circuit. 

In a-c systems, a certain popularity was gained by indirect-action 
protective systems, using for operating purposes the a-c power lines 
or auxiliary transformers and control generators. 

When a damaged generator is disconnected from a power system, the 
delivery of power to the short-circuit location from the remaining 
generators stops. However, the rotor of the damaged generator continues 
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to rotate,  and  in the presence of excitation the  EMF,   induced  into the 
windings of  its armature,  produce impemissible  currents  in the place 
of damage.  Therefore,   in generators,  automatic  devices are provided 
which make  it possible to de-excite the machine  rapidly. 

A magnetic  field may  be extinguished in the  generator by means of 
short-circuiting the excitation winding,   introduction of an active 
resistance  into the excitation,  and so  forth.  The simplest  and most 
widely used method   is  the break of  the generator's excitation circuit. 

During all  types of dangerous cases of damage,   the protective 
system should send signals  for disconnecting the generator's excitation, 
the power circuit of  the generator  from the power  system and drive, 
and also  for  turning on  signals about  the generator  going out of order. 

2.    A Maximum-Current  Relay Protective System. 

The maximum-current  relay protective system  is  Intended  for dis- 
connecting the generator  from the power supply  system and  extinguishing 
its excitation field  in case of a short-circuit  at   <• s busbars or 
feeder,  and also  for signaling of  generator  failure. 

One of the possible diagrams of the protective system with a current 
relay T and  time relay  B  is  shown  in fig.  5.1.     In this diagram,  the 
current  of transformers TT are connected at  the  beginning of  the stator 
winding of  the generator and  its  zero point.   In this case the protective 
zone  includes the generator's  feeder and  its busbars.   With any type of 
short-circuit  in the  zone  protected,   in the colls of  relay T,  currents 
appear proportional  to  the primary phase currents.  The  relay operates, 
disconnects the generator  from the power systen,  extinguishes  its ex- 
citation  field,  and delivers a signal  to the generator's  failure. 

The system is equally  sensitive  to all types of  short-circuits,  be- 
cause a  full damage current   is always directed  to a minimum of one of 
the  relays. 

< I F 

Fig.   5.1.   Diagram of the ma>Inum protection of   a  synchronous  generator 
with an  independent   time   lag. 
Key:   1.   turning on  the exciter. 
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The short-coming of this system is its relative complexity, caused 
by the necessity of installing a time relay, current transformers, and 
current relays at all three phases. 

In order to assure the selectivity of the active generator feeder's 
protective system, during short-circuit, is the consumer's feeder (point 
b), the time relay should have ^ time lag greater than the operation 
of the protective device of any of the consumers, which results in a de- 
crease of the speed of action of the generator. This protection of a 
generator's feeders may find employment in a single-generator power 
system, with low power consumers and a rapid protective sy-.tem. 

We should bear in mind, that in the tuo-generator system, such a 
protection will act non-selectively, during short-circuits in the gen- 
erators' feeders. For example, in point a, near to the busbars, since 
the currents of both generators will be practically similar. Therefore 
the generator with feeder in good order may be disconnected first, and 
then the generator with the'damaged feeder and the system will be de- 
prived of current. 

The working capacity of a power supply system in this case may be 
restored by means of a repeated automatic switching-on of the gener- 
ators after the short period uf time, suggested above. In this case it 
is obvious that the generator with a closed feeder will not be switched 
on, in as much as its voltage cannot be restored. But introduction of a 
repeated switching will make the protective system even more complicated, 
and in actual practice it will stop to react to alternating short-circuits. 

3. Longitudinal Differential Current Protection. 

In orde" to isolate a broken down generator from the power system 
and prevent the further development of the consequences of the short- 
circuiting of the generator or its teeder a rapid action longitudinal 
differential current protection is used, two variations of the cir- 
cuits of which are given in fig. 5.2. 

Into each of the synchronous generators' phases transformers are con- 
nected in series, one at each side of the armature's winding. 

Under normal operating conditions of the generator (see fig. 3.2,a) 
through the maximum-current relay P flows the difference between cur- 
rents ij and 1*2 of the secondary windings of the current transformers. 
With identical transformers the current difference is equal to zero. The 
identity of transformers is an important condition, excluding the im- 
balance of currents 12 and 1*2, and false operation of the protective 
system. 

During a through short-circuit outside the protection zone (at point 
1) in the primary transformer windings, flow currents of the short-circuit 
i8C of a single direction. In this case relay P does not operate, since 
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Flg. 5.2. Diagrams of a longitudinal differential current protective 
system for synchronous generators (single-line picture): a-c 
with circulating currents; b-c with balanced voltages. 

Key: 1. connection, 2. other disconnections, 3. discon- 
nection. 

the difference between currents 1^ and ^'2 ia  equal to zero. 

During a short-circuit in the protective zone (point 2) the pri- 
mary windings of the transformers flow short-circuit currents of dif- 
ferent directions, that Is, the phase of the current of on« of the 
transformers changes by 180*. To relay P flows the sum of currents I2 
and I'j, The relay operates and instantaneously disconnects the ex- 
citation, the drive, and the generator from the power system and turns 
on signals on the generator's failure. 

The system of the differential current protection with balanced 
voltages (see fig. 5.2,b) the secondary windings of the TT of each 
phase are Interconnected in such a way, that with identical initial 
currents the EMF of the secondary windings are directed against each 
other. The winding of the current relay is connected in series with the 
secondary windings of the transformers. The current in the relay colls 
will be equal to 

In - 
E   E 

1 -  2 

where E], E? - are the EMF of the secondary windings of TT; 

Zg     - is the full resistance of the secondary circuit, in- 
cluding tue resistances of the conductors, relay 
winding, and secondary windings of the TT. 
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Under normal operating conditions, or with a short-circuit outside 
of the protected zone, t^  * £2» ^p = 0» an^  the relay does not operate. 
With the short-circuit In the protected zone, Ej ?< 62 and 1° the re- 
lay current will appear, greater than the operation current (Ip> Ip. 
op), the relay operates and disconnects the damaged generator. 

The differential current protective system Is selective and does 
not require coordination with the protective systems with other 
sectors of the power system. In distinction from the maximum current 
protective system the differential system does not require a tine lag 
to assure selectivity of Its action, and Is made rapid-action, due to 
which It reacts not only to metallic, but also to Intermittent short- 
circuits. 

The protection operation current Ip0 should be equal to or less 
than the minimum short-circuit current in the protective zone. I.e., 

Ipo < ^s.p.mln- 

Usually, Ipo » 0.5 Is.p,nin % 0.5 Ig.p.„in gen» 
8ince the minimum 

short-circuit current takes place during a single sided supply of the 
system's busbars, only from the giv^n generator. 

The protective system should operate with external short-circuits 
and abnormal operating conditions. This means, that the current for 
relay operation should be greater than the Imbalance current l,js, which 
flows through the relay under the above mentioned conditions and Is 
caused by the dissimilar characteristics of the transformers' TT. 

The decrease of the Imbalance currents is reached by a high degree 
of identity of the current transformer characteristics, and also by 
the use of saturated TT. 

The longitudinal differential protection of the three-phase gener- 
ator and Its feeder may be three-system, which may be made by means of 
a three-current relay (one for each phase), six current transformers, 
and six auxiliary conductors. This protection reacts to all types of 
short-circuits In the feeder and generator, with the exception of short- 
circuiting loops In the armature's winding. However, the most rational 
method is the use of a simple one-system circuit diagram using 1 relay 
and 2 combined transformers (summators) which sum up the currents of 
three phases and make it possible to obtain single-phase currents or 
voltages, used for operating the relay. 
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4.  Protection During Emergency Deviation of the Voltage and 

Frequency. 

In fig. 5.3 we give a diagram of the a-c generator protection 
against over-voltage, made with semi-conductor instruments. The action 
of the system is based on the properties of silicone supporting diodes 
(stabil!trons) STj and ST2, with a certain value of reverse voltage. 
We know, that the inverse current of the diode is very small (several 
uA) until the reverse voltage in it reaches the voltage for operating 
it, after which the current passing through the diode increases 
sharply and is limited only by the circuit's resistance. This proper- 
ty of the diode makes it possible to use it as an element determining 
the level of the voltage for operating the protective device. 

The time lag before operation of the output electromagnetic relay 
P is provided by means of capacitor C}. 

Fig. 5.3. System of protection against over voltage. 

Under a normal generator voltage the rectified voltage Uj, supply- 
ing the relay circuit, is lower than the voltage for opening diode ST^. 
Condenser Cj in this case is practically discharged through choke coil 
D and resistance R^. The required minimum voltage for operating the 
protective system is established with potentiometer Po. When an over 
voltage occurs the V\  voltage becomes greater than the voltage required 
for opening diode ST^. The latter is opened and through its condenser 
Cj is charged. The time for charging the condenser to a certain pres- 
cribed voltage is determined by the time constant of the condenser's 
circuit (T ■ C1R3) and the over voltage value. 

When the voltage on the condenser reaches the point required for 
opening diode ST2, the latter is opened and produces a signal for the 
two-cascade amplifier, made with semi-conductor triodes Tj and T? of 
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the n-p-n type. At the amplifier's output a relay P is coanected, 
which operates in the presence of an over voltage as the power supply 
system. The amplifier is supplied with power from the generator 
through transformer GR and rectifier B2. 

Rheostat Re may change the time required for charging condenser Cj 

to a voltage sufficient for opening diode ST2, i.e., it can change the 
time required for operating the protective device under a given over 
voltage value. With in  unchanged resistance R3 the time required for 
charging the capacitor will be inversely proportional to the over 
voltage, i.e., the relay has a dropping volt-second operation character- 
istic. 

1 

With brief over voltages in the power supply system, the capacitor 
Cj has not enough time to be charged and the primary relay does not 
operate. 

♦ . •       • •. . v . 

M-TOFMh    r-^p^j 
Pig. 5.4.  System for protection against a frequency 

rise. 
Key: 1. disconnection of the generator. 

Upon the disappearance of the over voltage the capacitor is rapid- 
ly discharged through diode D and resistance R2. The resistance Rj 
serves for the temperature compensation. 

The operating principle of the protection against an emergency 
voltage drop Is analogous to the one examined above. When the gener- 
ator reaches the minimum permissible voltage, relay P operates and 
remains under a current during the normal operating conditions. The 
relay is released upon a decrease in the voltage and disconnects the 
corresponding generator and feeder line. 

PROTECTION AGAINST A RISE IN FREQUENCY serves for disconnecting 
the generator from the power system upon deviation of its frequency 
beyond permissible limits. The protective system consists of a frequency 

- 328 - 



o 
Reter (FM) a polarized relay Pj, time relay PB, and output relay P2 
av  shown In fig. 5.4. 

The generator's frequency Is controlled by the frequency meter 
FM with a double resonance contour, the operating principle of which 
is analogous to the operating principle of the frequency meter in 
the system of automatic regulation in the drive speed. The difference 
consists in the tune-up of the circuits in the working apparatus. The 
working apparatus     ' polarized relay P;, which upon an increase 
in frequency operates and supplies power to the tine relay Rg. In 
order to eliminate the "bell" working conditions in the zone of oper- 
ation of relay Bj, and operative feed-back R{ is used, which decreases 
the return coefficient. 

The time relay PB consists of a static device, which uses circuit 
RC and transistors Tj and Tj. 

When relay ?i  operates, the voltage is delivered to relay F5, the 
capacitors C| and C begin to charge and when the potential of the 
transistor Tj exceeds the potentiometer, the transistor opens. In this 
case the drop in voltage at the resistor Ru creates a negative dis- 
placement on the base of transistor T2. The transistor opens, relay ?2 

operates, and sends a signal for disconnecting the generator from the 
power system. 

In order to assure the relay nature of the time relay ctui'acter- 
istlc in it, we use the positive feed-back through diode D3. In order 
that no inverse polarity voltage would appear on capacitor C^, it is 
imparted ths constant displacement from the separator R^Rj through 
diode Di,. To the emitter of transistor T2 we send a displacement by 
the divider R5, Rg, and R7. 

PROTECTION AGAINST FREQUENCY LOWERING operates analogously to the 
protection against frequency rise, relay Pj under the rated frequency 
being under voltage, and being released upon the lowering of the 
frequency below the permissible level. In this case the Intermediate 
relay (which is not shown in the diagram) operates and turns on the 
time relay. After a certain time lag, relay Pj sends a signal for dis- 
connecting the generator. 

5.  Principles of Construction of Protection and Control Syst 
for Generators. 

The systems for protection and control of the sources of electric 
energy are interconnected, and have elements, which establish a certain 
logical dependence between the input and output signals. For this pur- 
pose the logical elements "end", "or", "not", and their combinations, 
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are used. The diagrams of the logical elements are shown in fig. S.S. 

Each logical element may have several input and output signals. 
The logical value of the signals is conventionally designated with 
"1", if the action takes place, and "0" if it does not take place. 

THE LOGICAL ELEM&NT 'END" is called such an element, the output 
signal from which is taken in the presence of signals at all its in- 
puts, (see fig. 5.5, a). The significance of the output signal in the 
symbolic record, will ha.-e the form of a logical product of values of 
the input signals: 

FOW) - Ih • U2 ... Un. 

The output function is equal to 1, if its multipllirs are equal to 
1 and equal to 0, if anyone of its outpu*- values is equal to 0. 

In the logical system of element "END" with semi-conductor in- 
struments, we show the triodes of type n-p-n, which open when a posit- 
ive potential is brought after its base. The output signal F(Uout) 
takes place with a closed triode T^, when the resistance of its 
emitter-collector transition is maximum. Triode Tj passes into the 
closed state when triode T2 is open, the latter being opened only in 
the presence of positive signals at all the. inputs. If at least one 
of the signals is smaller than the prescribed value, the base of tri- 
ode T2 will be under a voltage of the smallest signal, and it will re- 
main closed, and triode Tj will be open and UouC - 0. 

LOGICAL ELEMENT "OR" is the name of such an element, the output 
signal of which is taken in the presence of a signal of at least one 
of its Inputs (see fig. 5.5,b). The value of the output signal in the 
symbolic record has the form of an algebraic sum: 

F(Uout) - Ui + U2 + U3 ♦ ... ♦ U n* 

The logical sum has a value of 1, when 1 is equal to at least 1 of 
the components, and value 0 if all the components are equal to 0. 

In the logical system of element "OR" made with semi-conductor 
instruments, the voltage at the output (Uout) takes place with a closed 
diode T1 and open triode T2. To open triode T2 it is sufficient to have 
a signal at at least one of the inputs. 

- 330 - 



o a) u ^ *&&&& 

hj 

r-?—i 

c)     ?r i»%. ♦V-^^w-S* 

2 «^ ct-v 3  l.t**"*** nmtyvM—m    * 

Fig. 5.5. Diagrams of logical elements "END", "OR" and "NOT". 
Key: 1. Uout,  2. simplified diagrams,  3. dia- 

grams with relays, 4. diagrams with semi-con- 
ductor r, 

IN THE LOGICAL ELEMENT "NOT" the output signal takes place only 
in the absence of signals at all its inputs, (see fig. 5.5,c). The 
dependence of the output signal on the input signals is symbolically 
written in the following form: 

F(Uout> " "i ' tf2 ••• V 

If the product has a symbol U, than it has a value of 1, when the 
signal signals to 0 (U-0) and a value of 0, when the signal is equal 
to 1. 

In the logical diagram of element "NOT" with semi-conductor In- 
struments, the voltage at the output Uout remains until the appearance 
of a sigiial at one of the Inputn. 

Let us examine separate simplified diagrams of protection and con- 
trol of a-c generators, operating in parallel, determining in this 
case their logical functions and relationships. 

The generator should be included in the power system with adher- 
ence to the following conditions: the switch is in the "on" position, 
the voltage and frequency of Che generator are rated, the generator's 

- 331 - 

O 



voltage Is In phase with the voltage of the power supply system, the 
over voltage, excess of frequency, short-circuits in the generator 
and its feeder are absent, and the source of airfield power supply is 
disconnected from the power system aboard the aircraft. The simplified 
diagram is shown in fig. 5.6,a. 

DURING OVER-VOLTAGE THE PROTECTIVE SYSTEM should disconnect from the 
power system the faulty generator, extinguish its magnetic field, and 
not permit a repeated connection of the generator to the power system, 
until the source causing the over voltage is eliminated. The discon- 
nection takes place under the following conditions: when there is an 
over-voltage in the power system, when the reactive power yielded by 
this generator is in excess of the mean value of the reactive power per 
generator, and when there exists an over-voltage condition above a 
specific time. The circuit diagram is given in fig. 3.6, b. The ir- 
reversibility of operation of the protective system against over volt- 
age is shown in the system with a feed-back. 

PROTECTION DURING A LOSS OF EXCITATION, if it is not caused by the 
decrease of the rate of revolution, disconnects the generator from the 
power system irreversibly. The disconnection takes place when the volt- 
age is below a specific value; the reactive power yielded by this gen- 
erator is lower than the average, per one generator; the rate of re- 
volutions of the generator (frequency) is not lower than its specific 
value and the lengths of the excitation loss conditions exceeds a 
prescribed time. The circuit diagram is shown in fig. 5.6,c. 

PROTECTION AGAINST A FREQUENCY EXCESS disconnects irreversibly the 
generator from the power system and shuts off the excess of air or 
hydraulic fluid to the drive in order to prevent the run-a-way speed 
of the rotating parts. The disconnection occurs when the frequency ex- 
ceeds the permissible limits; the active power yielded by this gener- 
ator, is above the active power per one generator; and the length of 
the distance of an excessive frequency, then conditions are longer than 
permitted. The simplified circuit diagram is shown in fig. 5.6,d. 

PROTECTION AGAINST FREQUENCY DROP should produce a reversible sxg- 
n«l for disconnacting the generator, since a decrease of frequency is 
possible with normal operating conditions (lifting of the aircraft 
engine). The disconnection takes place under the following conditions: 
when the frequency drops below the permissible value; the active power, 
giver, up by the generator is below the mean active power per one 
generator; the length of the existence of the lower frequency condition 
exceeds the prescribed time of lag. The simplified diagram is shown in 
fig. 5.6, e. 
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Fig.  5.6.     Simplified diagrams of control and protection of gener- 
ators. 

Key:  1. on,  2. or,  3.  connection of generator, 4.  syn- 
chronizer.  5.  time lag,   6.  generator disconnected,   7.  ex- 
citer disconnocted,  8.  drive valves turned off,  9.   "NOT", 
"END"    "OR",    a) turning on,  b) protection against over 
voltage,  c) protection against excitation loss,  d)  pro- 
tection against frequency excess,  e) protection against 
frequency drop,  f) protection against short-circuit. A 
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Fig.   5.7.      General  simplified diagram of control and protection 
of generators. 

Key:   1.   exfl'-ation loss,  2.  over voltage,   3.   fre- 
quency excess,   4.   frequency drop,   5.  connection,  6. 
time  lag,   7.   from other generators,  8.   on,   9.   "NOT", 
10.  "OR",   11.   synchr  nizer,   12.   excitation on,  13. 
drive of,  14.   generator on,   15.  connection  for paral- 
lel work,   16.  automatic  starting relay,   17.  "END". 

WITH PROTECTION AGAINST  SHORT-CIRCUITS  inside  the generator or 
its  feeder line,   the generator  is irreversibly disconnected from the 
power system without a time  lag.  The simplified  diagram is shown  if  fig. 
5.6,   f. 

On the basis of  the above examined  individual  simplified diagrams 
we  construct an general simplified diagram for the  protection and 
regulation of generators  (fig.   5.7).  AR  it  follows  from the elimination 
of  the diagrams not all the protective systems cause  irreversible dis- 
connection of the  generator.  Therefore,   the outputs  frn-  irreversible 
protective systems are delivered not  to the power conductors,  but  at 
the  ihput of the  logical element "OR" from which  the  signals are  taken 
tor disconnecting  the generator,   its excitation,  and  to the clogging 
input. 
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In developing a common control airi protection system.   It  Is pos- 
sible to reduce  considerably the required number of instruments of 
the same type,  since the same logical elements may be used both for 
the control system and for the  Installed protective system.   In the 
logical elements  for END, which use diodes,  '.cause of the considerable 
value of the reverse current.  It  Is necessary to have more than three 
inputs.  When necessary,  the parallel connection of the "END" elements 
is used. 

Chapter VI.    Diagrams of Primary A-C Power  Systems. 

1.    Diagrams of Control and Protection of Electric Power Systems. 

In a-c power systems the principal idea of raising the reliability 
consists of the division of each system into  two independent  parts, 
each of which may carry out all the functions of the system,  as a whole. 
Under norma]  conditions both parts of the  system work simultaneously. 
In this way.  In case 1 sub-system goes completely out of order,  the 
remaining one continues to supply all the consumers, providing a high 
degree of probability of completion of the  flight.  Elements already 
tested in operation are used as much as possible In the systems. 

Below we examine circuit diagrams of  tho power systems of  three- 
phase alternating current with voltage of 200/115 v of a-c and d-c 
frequency with 2,   3,  and 4 generators. The principles applied in these 
systems may be extended to power systems with any number of  gener- 
ators. 

The principal part of the a-c energy Is used without  transformation 
for feeding three-phase and one-phase consumers, a part of  it  is trans-   * 
formed with respect  to voltage to  36 and  28 v,  and a certain share  Is 
transformed into direct current with a 28 v voltage,  by means of the 
transformer-rectifier units. 

Generators of three-phase alternating-current with a grounded power 
neutral,   have become widely used as a primary energy source.   For con- 
trol,  regulation,  and protection,  we use equipment of the static type, 
using magnetic amplifiers and semi-conducfn   elements,  the systems of 
which were examined earlier. 

The speed of revolutions of  the generators   are maintained constant 
mainly by means of  the differential hydraulic and pneumatic drives, 
with a constant speed, with a reverse regulation system.   In power 
systems,  protection against  short-circuits,  breaks, and deviations of 
parameters beyond permissible limits  Is provided  for. Moreover, pro- 
visions are made  for  the possibility of disconnection of the con- . 
ductor and generator  from the aircraft engine by means of  the disconnection                        -'' \ 
clutch,  controlled  from the cockpit,  upon the formation of dangerous > 
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faults. IC is possible to connect them back again only on the ground. 

In the majority of cases in the power systems, provisions are 
made for an emergency generator of a three-phase alternating-current 
driven by an auxiliary power unit. The emergency generator is used 
only to supply power to vitally important consumers whon all the 
main generator* have failed during flight. Generators driven by the 
auxiliary power unit, in some cases are connected during the take-off 
to increase the reliability of electric power supply or to economize 
the thrust of thr principal aircraft engines. They are used also on 
the ground when the aircraft engines are not operating. 

The power system aboard the aircraft is supplied on the ground with 
a three-phase alternating current from an airfield source through a 
connecting rose. In this case all the sources aboard are automatically 
disconnected from the power system independently of the position of 
their switches. A ground source is connected to the power system aboard 
the aircraft only in the cas^ when the frequency, voltage, and se- 
quence of its phases are within permissible limits. 

In fig. 6.1 we show a typical diagram of synchronization -ontrol 
(using signal lamps) and control of the principal parameters jf the 
power systems (by means of a frequency meter, voltage meter, and Watt- 
meter). The parameter control instruments are switched over from one 
generator to the other by the package switch. The Wattmeter normally 
shows the active power, and when the button is pressed it shows the 
reactive powef. According to the indications of the Wattmeter, observ- 
ations are made on the distribution of the active and reactive powers 
between generators. 

The operating conditions of the generators and their drives are 
prescribed by setting up the switches in a corresponding position: 
•cparate, parallel, and grouped. After this, the further control, reg- 
ulation, protection and observation of the power systems' work is 
carried out automatically. Upon the deviations of the power systems' 
operating conditions from the prescribed, the corresponding signal- 
lamps light up. 

In the primary power system diagrams we show the most rational 
methods of connecting secondary energy sources - voltage transformers 
VT, static convertors SC, and transformer-rectifier units TRU. The 
static convertors of direct-current into three-phase alternating-current 
«re used as emergency sources when the principal power system fails. 

In fig. 6.2 we give a typical diagram of control and protection of 
an a-c power system. Each generator with conductor Ki - Ki«, is con- 
nected to the corresponding main-busbar MB, which in turn may be con- 
nected during parallel operation through the synchronizing conductors 
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Ks to Che synchronizing busbar ShS In a starter circuit (see fig. 
5.1, section 4). 

OThe field damping conductor Kgp is connected by briefly pressing 
a switch V| to the "on" position, and Kgp operates, then is dis- 
connected. When switch Vj is closed, a short pulse to magnetize the 
exciter is fed through the circuit V1-VP3-Kgpj. 
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Fig. 6.1.  Diagram of Instruments In a-c systems. 
Key: a) generator, b) airfield supply panel, c) 

Wattmeter, d) synchronization lamp, e) a-c poten- 
tial plug, f) airfield supply, g) TSRU-current, 
h) power system control panel, 1) synchronization 
lamp. 

Briefly pressing switch V! to the "off" position disconnects K ]. 
When Kgpi is disconnected, its contacts In the supply circuit of 
the disconnecting electromagnet of conduct Kj are closed, so that main 
conductor Kj is disconnected immediately after dlsconnecclon of Kgp]. 

Cutout switch V2 is used to control conduct K|| normally this 
switch Is In the "on" position, in which the generator is automatically 
connected and disconnected. When the generator is connected to the 
idled circuit, the power on the winding of the connecting electromagnet 
is fed through switch V2, the conducts of conductors K2- Ki« (remaining \ 
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generators disconnected), through the contacts of the minimum speed 
relay, the contacts of the minimum voltage relay (the relay operates 
at a voltage near the nominal), and contacts of conductor Kj. 

The generator is connected for parallel operation using the syn- 
chronizer, the contacts R8 of which stunt the contacts of the main 
contactors of the remaining generators. The synchronizer is connected 
to the voltage difference of the generator and ShS synchronizing bus- 
bar. Each generator includes an individual synchronizer. 

With minimum operating speed, the contacts of the centrifugal 
disconnector TSV are opened, disconnecting the n»lay Rn; this relay 
closes its contact to the circuit of the winding of the disconnecting 
electromagnet for conduct Kj and the generator is disconnected from 

the line. 

The circuit has the following types of protecixon: 
|t  Longitudinal differential current protection from short-circuits 

in the feeder and within the generator using three current trans- 
formers TTi (in each phase), three current transformers TT2 and three 
relays Rj  (see diagram, fig. 5.2). When short-circuits occur within 
the zone of protection, one relay Rj closes and feeds voltage to the 
disconnecting electromagnet K-pi, which causes the generator field to 
be damp and disconnected from the line. 

2. Protection from overexcltation of the generator through three- 
phase over-voltage relay Ru> (see diagram, fig. 5.3). •% 

3. Protection from loss of excitation through three-phase minimum 
voltage relay Ru s This relay is disconnected when voltage 0.9 Unom 
arises, and has a time delay for relief of contacts to elirairnate false 

operation during short-voltage drops. 
4. Protection from phase interruption before connection of the 

generator into the line is performed using minimum voltage relays, and 
after connection of the line using the zero sequence current filter. 

5. Protection from back active power using the back power relay. 
This protection is used in rare cases. 

6. Protection from excessive increase in exciter voltage using 
the thermal relay (bimetallic relay), providing the necessary time 
delay. The relay returns automatically. 

7. Protection from short-circuits in generator busses with a 
back sequence voltage filter. 

Reliable power supply to the control circuit and generator protection 
from three sources of current are provided: 

from the 27 v d-c; 
from the a-c generator through transformer f and rectifier de- 

vice VP; 
from the generator exciter. When there is no power from the 

first two sources, relay Rrp is disconnected and closes its contacts 
in the sub-exciter feed circuit. 
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The circuit for control of generators and ground power supply 
is assembled so that when one generator is connected, the ground 
power supply is disconnected. Actually, when the generator begins 
rotating and is excited, the normally open relays of these contacts 
will close In the circuit of the disconnecting electromagnet's wind- 
ing of conductor K- and it is turned off. At the same time, the 
normally open contacts of the relays will open in the circuit of the 
turning-on electromagnet winding of conductor K_, which excludes 
the possibility of turning the latter on. 

The system of control and protection of the power systems' supply 
which were examined, is applicable with a separate work of the gener- 
ators, but in this case instead of equipment for parallel work, we in- 
troduce an equipment for automatic switching over of the busbars, when 
individual generators fail (see paragraph 2). 

In fig. 6.2 we show the circuit diagrams of the voltage regulator 
VR and frequency regulator FR, with voltage meters VM, reactive power 
meters RPM, frequency meters FM, and active power meters APM included 
in them and the corresponding connections with the exciter frequency 
corrector. 

2.  A-C Power System with an Unstable Frequency. 

In fig. 6.3 we present the diagram of a three-phase a-c power 
system with a voltage of 200/115 v with unstable frequency. The energy 
sources are two generators of three-phase alternating-current, which 
are powered by the aircraft engines. 

The generators operate separately each for a certain group of con- 
sumers. Under normal conditions the G2 generator delivers energy to 
busbar E, and generator Gj to busbar D and emergency busbar F. 

- 

Busbar D provides the power supply to a number of consumers, in- 
cluding the transformer-rectifier unit TRUj, which transforms the alter- 
nating current into a direct-current with a voltage of 28 v. 

Busbar E supplies a number of consumers, including the 200/28 v 
transformers, delivering energy to busbar J, from which the lighting 
equipment receives its feed. 

From the emergency busbar F, feed is delivered to the vitally im- 
portant consumers, including the emergency TRU2. 

Upon an Increase or decrea.se of the voltage at the terminals of 
anyone generator above the permissible limits, its distributing bus- 
bar automatically switches over to the generator in good order and in 
the crew's cockpit, a signal lamp lights up indicating which of the - \ 
generators Is not working. 
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Fig. 6.2.  Typical diagram of protection and control of an a-c 
power system: CSD - constant speed drive; G^ - generator; 
GEW - generator excitation winding; E - exciter; SB - sub- 
exciter; VR - voltage meter; APM - active power meter; FF 
- frequency meter; FR - frequency regulator; FCM - fre- 
quency correction mechanism; CS - centrifugal switch; Pn 
- minimum revolution relay; Kgpi - field extinguishing con- 
ductor; Kj - generator's main conductor; Kr - conductor 
of the airfield rose; Kci - K^ - synchronization con- 
ductors; K2, K3, Kj, - auxiliary contacts of the main con- 
ductors of the remaining generators; TTi-TTg - current 
transformers; R^ - current relay of longitudinal differ- 
ential protection against short-circuits; T - step-down 
transformer; Pc - synchronization relay; Pu < - minimum 
voltage rnlay; Pu> - over voltage relay; PU2 ^»PuS <» 
^u4» *  ~ contacts of minimum voltage relays of the other 
generators; Pom - reverse power relay; Prn - relay for 
connecting the reserve feed of the control circuits from the 
exciter; H|i 8112 ~ rectifiers; Bus - valve rectifier; Bi - 
pressure switch of the field extinguishing conductor; B2 - 
generator control switch; 4 H - reverse sequence voltage 
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filter; Pn - voltage relay; PB 

lag for closing the contacts. 
Key: ! Other Oscillators 

Feeder of Oscillators 
Pulse magnitization 
Leed 
To other oscillators 

6. Disconnect 
7. Connect 
8. Oscillators 

- relay with time 
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Fig. 6.3. Diagram of an a-c electric power system with unstable 
frequency (single-line picture): G - generator; K, Kn, 
KJJ, Kp - conductors of the generator, converter, rectifier, 
rose; VR - voltage regulator; CP - control panel; AFR - 
airfield feed rose; TRU - transformer-rectifier unit; TC 
- three-phase converter; TR - transformer. 

The electric power supply system has minimum frequency relays, 
which upon the decrease of the rpm of the engine below 65% of the 
rated speed, disconnect the busbars from the corresponding generator 
and these are automatically connected to the generator in good order. 

If the generators are installed on a single aircraft engine, all 
the consumers stop their work with the exception of those which serve 
the aircraft engine. These consumers can operate when the rpm are re- 
duced to 40%. 
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When both generators fail, the emergency busbar F receives feed 
from the emergency a-c generator, driven by an air-vane, which in 
this case set outside to be operated by the oncoming stream of air. 
From the busbars F, the instrument feed busbar I, and the emergency 
rectifier TRU2 receive their feed. 

During normal work the pilot's instruments receive their power 
supply in the form of a-c, 36 v, and frequency of 400 cps from the 
convertors. When the convertor fails, they automatically connect to 
feed from busbars F through the transformer. 

The airfield power supply is connected to the power system aboard 
the aircraft through a terminal rose, all the distributing busbars 
being automatically disconnected from the shipboard generators and 
connected to the ground power source. The convertor is also disconnected 
while the instruments receive their power supply from busbar F through 
the transformer. 

The power system provides a reliably supply of power to a-c con- 
sumers. The quality of energy with respect to frequency is best under 
the rated rpm of the engine and is maintained within permissible 
limits in a small range of the engine's rpm. 

O 

*trt *tft V   -r—r" 
*srt 

a) 

Fig. 6.4. Diagrams of automatic reservation of the consumers' feed 
in two-generator systems. 

The power systems with two generators are useable on aircrafts with 
one or two engines. However, it may be successfully used also on air- 
craft with several engines, and its reliability will increase with the 
Increase of the number of engines and generators. 

From the facts examined above, it follows, that the generators which 
receive feed directly from aircraft engines, operate in a-c power 
systems separately. In order to assure the uninterrupted feed to con- 
sumers, the power systems are provided with not less than double power 
supply to the distributing devices' busbars; a 100% reservation of the 
generator power; automatic connection of reserve generators instead of 
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the main ones gone out of commission, during a minimal short time; 
the possibility of connecting generators for parallel work under 
normal conditions and any failures; elimination of generator over 
load when several of them fail during flight and during successive 
starting of aircraft engines on the ground. 

Let us examine several possible variations of the systems of 
automatic reservation of the feed to,consumers during separate gener- 
ator operations, which assure solution of the above problem«. 

In fig. 6.A we show the systems of automatic reservations of the 
consumers' feed in systems with two generators. 

In diagram a, both switches are normally closed, both generators 
are excited and conductors Küj and 1012 are turned on. In this case, 
generator G^ is the principal one and it supplies power to the loads 
while generator G2 is in stand-by reserve. If for some reason generator 
Gi is disconnected, then condoctor KIlj with Its normally closed con- 
ducts will connect the reserve generator to the busbar. The simul- 
taneous connection of the generators to the busbar is impossible here; 
damage to the circuits of the d-c generator Gj does not prevent con- 
nection, of generator G2. 

♦/7# 

a) 

b) 

Fig.   6.5.    Diagrams of automatic reservation of consumers'  feed In 
four-generator systems. 
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In system b, the loads are divided between the two busbars D and 
E. Under normal conditions, the generator G^ supplies power to bus- 
bar D, and generator G2 to busbar E. When any generator goes out of 
comtlssion, the corresponding KH is turned off, which results in the 
combination of both busbars, and their supply is provided for by the 
remaining generator. 

In fig. 6.5 we give diagrams of the automatic reservation of the 
feed to consumers in four-generator systems, which provide feed for 
all the consumers, when any one of the two generators goes out of 
commiaalon. 

In diagram a, during the normal work of the system, all the gener- 
ators are excited, conductors Kn^-Oi« and Kj, K?, arc turned on, bus- 
bar D receives power from generator Gj, and busbar E from generator 
Gi», generators G2 and G3 are on stand-by. When generator Gj goes out 
of comnission, busbar D receives its power from generator (.'.3, and 
when generators Gj and G3 go out of commission, it receives power 
from generator G2. 

When generator Gu goes out of commission busbar E receives p^wer 
from generator G2, and when generators G2 and Gu go out of connissio 
it receives power from generator G3. 

ion 

The overloading of reserve generators G2 and G3 during simul- 
taneous going out of order of three generators is prevented by con- 
ductors Kj and K2. For example, when generators G), G2 and Gi, go 
out of order the generator G3 supplies only busbar D. The feed cir- 
cuit of busbar E is interrupted by conductor K^. Analogously, when 
generators Gi, G3, and G^  go out of commission, generator Gj supplies 
only busbar E, while the feed circuit of busbar D is interrupted by 
conductor K2. 

The generators cannot be connected for parallel work according to 
this system, thanks to use of switch-over conducts Kni-Knu. The re- 
serve generators are connected independently of the good order of the 
feed of control circuits of the principal generators. In this way, 
the system satisfies completely all the principal requirements. 

Diagram b is analogous to diagram a, it differs by the smaller 
number of power switching equipment. The system consists of two groups 
of generators, with 2 generators in each group. Provisions are made 
for Joining the groups by connecting conductor Kg, the winding of 
which may receive its power supply over two circuits. 

- from KIli through the logging valve B}, and normally closed 
conducts of relay P2; 

- from a KBIIi, through the logging valve B2, and normally closed 
conducts of relay Pi. 

- 344 - 

o 



o 
With normal work all the generators are excited, conducts KJI^KII^ 

Ks» ^2. and relay Pj, and P^, are connected; conductor KQ  is dis- 
connected, busbar 0 receives its feed from generator Cj and busbar E 
from the c,H  generator. 

When generator Gj goes out of commission, the busbar D receives 
its power from generator G3, and conductor Kc is disconnected. When 
generator Gj and G3 go out of commission, is the operating generator 
Gi, through closed contacts of relay Pj, conductor Kc it,  connected and 
busbar D receives its feed from generator G2. If at the same time 
generators G|, Gj, and d,, go out of comnlssion, conductor Kc will not 
be connected and the generator (^ will feed only busbar E. Analogous- 
ly conductor Kc will be turned on when generators G2 and Gi« go out of 
commission and the generator Gj remains in good order, and in this 
case the generator G3 will be connected to busbar E. The normally open 
contacts of relays Pj and P2 in the circuits of the windings of con- 
ductors K2 and K3 exclude brief inclusions of generators G2 and G3 

for parallel work. 

S3. A-C Power System with Separate Work of the Generators. 

In fig. 6.6 vij present a diagram of the three-phase a-c power system 
with a voltage of 200/115 v, constant frequency of 400 cps, with sep- 
arate work of the generators for a specific group of consumers. The 
source of energy arc three thtee-phase generators, which are powered 
by constant speed drives. ^C*t 

r Pva~~\ en 

Fig. 6.6. Diagram of an a-c power system with separate work of the 
generators (unilinear picture). 
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The emergency feed with three-phase alternating-current is car- 
ried out from generator Ga, installed on the auxiliary independent 
unit, which is started during flight when the principal generators 
fail. The emergency feed is received from a static converter of d-c 
into three-phase a-c. The ground feed with alternating-current is 
delivered through the airfield ASR contact rose. 

The diagrams provide for logs, which do not permit parallel work 
of the main, emergency, and ground power sources, during any com- 
binations of connections. The voltage decreases from 200 to 36 v 
and 28 v, by transformers Tr and is delivered to the .distributing de- 
vices DD13 and DD14. 

During normal work generator G^ supplies power to busbar IE, 
generator G2 to busbar 2E, and generator G3 to busbar 3E. 3D and 
emergency J. 

The busbar of generator G3 is divided into two parts 3E and 3D, 
in order that when one generator goes out of commission, the two 
others could supply power for all the load, divided approximately in 
half. The most important duplicating consumers of electric power are 
divided between busbars IE and 2E. 

Under emergency conditions, the loads are switched over In the 
following way: When generator G\   is damaged, conductor K} is turned 
on and its generator is disconnected from the power system. At the 
same time conductors Kc 1 and Kc3, and the switch-over conductor K..2 

operate. Busbar IE is connected with generator G3 and busbar 3D to 
generator G2. 

When generator (".2 goes out of commission, conductor K2 is dis- 
connected, conductors K^ and ^3 and switch-over conductor Kj^ ar« 
switched on. Busbar 2E becomes connected to generator G3, and 
busbar 3E to generator Gj. 

When generator G3 is damaged conductor K3 is turned off, and the 
conductors Kjji and Kn? are turned off. In this case busbar 3E is 

connected to generator 01 and busbar 3D to generator G^. 

When any two generators fail, a-c power supply is provided for 
busbars IE and 3E or 3D and 2E. In this case the power supply to the 
emergency busbar J is always assured; in the first case from bu^ba» 
3E and in the second from the static converter. The loads between the 
busbars are distributed in such a way that upon going out of commission 
of two generators, the flight might continue under any conditions. 

In case of failure of the automatic switch-over systems of the 
alternating-current, a manual switch-over is provided for which is car- 
ried out by three switches. When any one constant speed drive or gen- 
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enerator goes out of commission the corresponding signal bulb lights 
up, informing the crew of the damage and Indicating which switch 
should be used for switching over the busbars. The switches are 
mounted in such a way, that it is impossible to switch over simul- 
taneously more than one switch. 

4. A-C Power System with Parallel Work of the Generators. 

In fig. 6. 7 we present a diagram of the a-c three-power system 
with a voltage of 200/115 v, constant frequency of 400 cps. The energy 
sources are for three-phase generators, which are activated by con- 
stant speed drives. On the ground the aircraft power system is supplied 
with three-phase a-c power from an airfield source, by means of con- 
tact rose. 

The energy from the generators is transmitted to the correspond- 
ing generators' busbars into the central distributing systems (CDS) 
from which it is directly distributed to the consumers and their sec- 
ondary distributing devices (OD). Conductors K connect the generators 
to the principal busbars, and conductors KQ  connect them for parallel 
work. In the system provisions are made for parallel work of the 
generators, however the loads are distributed in such a way that each 
generator would be able to supply its group of consumers during separate 
work, but busbars D and E of the secondary DO are connected to the 
principal busbars, with conductors K^. In case of a fire which origin- 
ated because of the faults of the power system, the fKght engineer 
by pressing the common switch board, disconnects simultaneously all 
the conductors K^. If after this the source of the fire was not isolated, 
then the connecting conductors Kc are disconnected and in this way Che 
generators are isolated from one another. Further, depending on the 
feed generators (^ and G3 are separated in sequency and finally gener- 
ators Ci and Gi, one by one. In this case the emergency busbars F which 
supply power to especially important consumers, are under current up 
to the disconnection of the corresponding generator. 

When the switches are turned off, the control and protection of the 
generator is performed automatically by the control panel (CP) which 
gives the corresponding signals to the conductors. The generators are 
connected for parallel, then during emergency conditions the corres- 
ponding panel isolates automatically the damaged generator from the 
general power system and further, depending on the nature of the damage 
done to it, disconnects it. 

$5.  The A-C Power System with Two Self-Contained Systems. 

The entire three-phase a-c power system with a voltage of 200/115 v 
with a constant frequency of 400 cps is divided into two self-contained 
systems. The energy source in it consists of two three-phase a-c gener- 
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Flg. 6.7.  Diagram of an a-c power system with parallel work of the 
generators (unilinear picture): G - generator; K, K^, 1^, 

Kp - are conductors of the generator, load, synchroni- 
zation, and airfield feed contact rose; VR - voltage 
regulator; SB - panel for control and protection of the 
generatnr; TT and TT'  - current transformer of the 
differential protective system; AFR - airfield feed con- 
tact rose; SB - synchronization busbar; TRU - trans- 
former-rectifying unit; CSD - constant speed drive. 

ators which are driven by the constant speed drives. The simplified 
diagram of the power system is given in fig. 6.8. Each generator 
supplies power to a separate a-c buabar. Most busbars during normal 
work arc Isolated from one another, but are automatically connected 
with one another when one of the generators goes out of commission, 
and also when1 the power supply is provided by the generator, driven 
by the APU or a ground source. Since the power of All the consumers 
does not exceed 50Z of the total power of the generators, one gener- 
ator provides the normal work of all the consumers. 

In order to Increase the reliability of an uninterrupted power 
supply to consumers during flight, a provision is made for uniting 
the systems by means of conductor Kc for parallel work of the gener- 
ators. 
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Fig. 6.8.  Diagram of an a-c power system wich two self-contained 
systems (unilinear picture): G - generator; K, Kg, Kp, 
Kn - are conductors of the generator, synchronisation, 
rose, and transformer; VR - voltage regulator; SP - con- 
trol and protection panel; TT and TT' - current trans- 
formers of the differential protective system; AFR - 
airfield feed contact rose; SC - st.nic converter; APU - 
auxiliary power unit; CSD - constant speed drive. 

For the normal distribution of the load between generators, during 
parallel work in each of the drives of the generator, there Is a mag- 
netic head for tuning up the operating conditions. The corresponding 
signals for controlling these heads is delivered from the load regul- 
ators. 

The ccPKJmer switch serves the landing operations of the aircraft 
when the aircraft engines stop, and part of the consumers during take- 
off are supplied with power from an auxiliary power unit (APU) with 
and emergency a-c generator. The a-c feed on the ground is carried out 
through the airfield contact rose. 

The power system is planned in such a way, that the going out of 
commission of one of the elements does not result in going out of 
commission of both feed channels, which Improves appreciably the re- 
liability of the power supply to consumers, and the energy distribution 
only from the central distributing system busbars increasing appreci- 
ably the stability of the voltage at the consumers' terminals. 

In principle, Che power system may be divided into two self-contained 
systems with any number of generators, assuring in this can* their 
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parallel work Inside the system and between the systems. In this 
case the reliability of each self-contained system increases with 
the increase of the number of the generators. ^\ 

Section VI.  Secondary Power Systems 

Chapter I. Secondary A-C Power Systems 

1. The Role of the Secondary A-C Power system. 

In aircraft along with the main primary d-c power system with 
a 27 v voltage, secondary power systems with one- or three-phase 
a-c with constant frequency exist. The power of this system reaches 
tens of kwA. 

Alternating-current of constant frequency is necessary for feeding 
radio and radar equipment, flying and navigational system, auto- 
matic control systems, tracking systems, remote control transmission 
of orders, amplifying systems, various types of instruments and other 
consumers. 

Moreover, there are consumers which require for their work an 
alternating-current of any frequency. Among these consumers are the 
heating elements of the glasses, all light sources, luminescent light- 
ing, etc. 

Converters of d-c into single-phase and three-phase a-c with 
constant frequency are used in these systems as the energy sources. 
The most widely used are the rotating convertors. However, recently 
static convertors which have a high reliability have been introduced. 

In secondary a-c power systems, the parallel work of convertors 
was found useless, because of its complexity and insufficient reli- 
ability. Systems with automatic switching on of the reserve converter 
instead of the principal one which has gone out of commission are be- 
coming widely popular. 

The convertor can feed an individual consumer or group of consumers. 
Owing to a large number of low power consumers, group power supply is 
being predominantly used. It assures the most rational load on the 
convertor during the entire flight and makes it possible to lower the 
power and weight of the principal and reserve converters. 

Single-phase convertors should maintain constant: a voltage of 
115 v + 3Z and frequency of 400 cps + 5%,   the voltage at the consumers' 
terminals should be 115 v + iX. 
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Three-phase converters should maintain constant: a voltage of 36 
v + 3Z and frequency of 400 cps + 2Z, while the voltage at the con- 
sumers' terminals should be 36 v + 5%. 

To supply power to certain consumers, converters tare installed, 
which have a high voltage and frequency precision (up to + 0.05Z). 

2. D-C to A-C Converters. 

As the energy source in secondary phase a-c power systems, elec- 
trical machines and static converters are converting d-c 27 v into 
a-c with a constant frequency of 400 cps and a voltage of 115 v (single 
phase) and 36 v (three-phase) are being widely used. 

As the output parameters of the converter, a substantial in- 
fluence is exercised by the stability of the input voltage, therefore 
they should receive feed directly from the distributing busbars of 
the central distributing system of the primary power system, where 
during operation the minimum deviations from the voltage from the rated 
value are provided. 

Electric machine transformers MA, PC, and PT consists of a d-c 
motor with parallel or mixed excitation, a-c generator, synchronous, 
inductive, or magnetic type, and a control box. For automatic regul- 
ation of the output parameters: frequency and voltage, a regulator 
of the speed of revolution and a voltage regulator are provided. 

The motor and the generator are closed in a common body and con- 
nected with a single shaft, while the control box is fixed on the body 
of the machine. The units are made in a protected form with self- 
cooling. 

The electrical properties of converters are evaluated by a family 
of operating characteristics (fig. 1.1.) which indicate the depen- 
dence of voltage U2, frequency F, current consumed I, and efficiency 
n. On the value of load ?2  with the constant feed voltage U ■ const 
and constant cos $. 

SINGLE PHASE CONVERTORS OF THE MA TYPE are manufactured with 
capacities of 100 to 1500 vA. In them, inductor generators are used, 
the principal advantage of which lies in the simplicity of design. 
However,owing to poor utilization, the active materials in the gener- 
ators and the non-sinusoidal shape of the output voltage curve (K^ « 
201) the use is limited. 

SINGLE PHASE CONVERTORS OF THE PO TYPE are built with powers of 
100 to 6000 vA. In them, electric motors are used with three types of 
excitation windings: shunting ShW, scries SW, and controlling CU, 

- 351 - 

O 



which is the output of a system of automatic frequency control, and 
single-phase synchronous generators with outside poles and rotating 
armature winding. 

The principal technical data of the single-phase converters are 
given in table 1.1. 

THREE-PHASE CONVERTORS arr manufactured with capacities of 56 
to 3000 vA. In the converters, electric motors are used with mixed 
excitation and three-phase electric generators, possessing a high 
reliability due to the absence of slipping contacts and good form 
of the output voltage curve (K ^ <10Z). In 1.5 kwA converters and 
higher, synchronous generators with electromagnetic excitation are 
used. The PAG-1F converter with a capacity of 56 vA is used for in- 
dividual aid of the consumers. The FT type converters are made with 
powers of 70 to 3000 vA and are used for Individual and group power 
supply to consumers. 

O 

&*:<■ 1;,: 

;,J .  

• "'■' us   yt» +* 
•i it'  •;  i ' 

Fig. 1.1. Working characteristics of the consumer«. 

The principal technical data of three-phase consumers are given 
in table 1.2. 

STATIC CONVERTORS OF DIRECT-CURRENT into alternating current with 
a frequency of 40Ü cps are manufactured in two types: the SPO are 
■ingle-phase with a voltage of 115 v and SPT with three-phase 36 v. In 
comparison with machine converters they have a higher reliability, but 
the considerable weight and distortion of the voltage curve's shape 
■re their substantial short-comings. Therefore, the static converters 
■■ a rule, ere made of smell capacity and are used as emergency sources 
of alternating-current. 

The simplified diagram of the ■ingle-phnne static converter of the 
SPO type is given in fig. 1.2. The converter is supplied with direct- 
voltage current of 27 v + 10Z at the input of the voltage stabilizer, 
which has a switch-off transistor, which operates upon the rise of the 
input voltage above the permissible limit, protecting In this way, the 
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converter from over voltage. Under emergency conditions the con- 
verter permits the drop of the input voltage by 20 v, the latter 
corresponding to the voltage of an appreciably discharged storage 
battery. 

A stabilized d-c voltage is delivered to the vibrator, which 
at its output yields a rectangular a-c voltage with a frequency of 
400 cps. This voltage is amplified and filtered. At the output of 
the filter, we obtain a sinusoidal a-c, with a voltage of 

+3 
115_8 v, with a frequency of 400 + 20 cps. 
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Fig. 1.2. Simplified diagram of a static converter. 
Key: 1. input -27v, 2. vibrator, 3. os- 

cillation source, 4. modulator, 5. power 
amplifier, 6. filter, 7. current trans- 
former, 8. output 115 v, 400 cps, 9. system 
for controlling feed with vibrator, 10. 
voltage regulator, 11. protection against 
over voltage at input, 12. protection against 
voltage, 13. protection against overload. 

The converter is equipped with a voltage regulator, in which «s a 
voltage standard, a stabilitren is used; the protection against over 
voltage at the output, and the protective system against overloads. 

In the SPT type converters, with the same voltage parameters of 
the feed, an output voltage of 36+5 v is assured (in some converters 
of rectangular shape instead of sinusoidal) and a frequency of 400 + 
8 cps. In order to increase the reliability in seme converters, two 
channels are provided: the principal and the reserve channel. Here, 
the switching ever to the reserve channel is performed automatically 
upon failure of any semi-conductor element of the principal channel. \ 
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Table 1.1. and Table 1.2. 

1. Type of converter . 
2. Capacity Prated vA. 

3. Rated data. 
4. Voltage U, volts. 
5. Of motor. 
6. Of generator. 
7. Current I, ampere. 
8. Starting current, 

I, ampere. 
9. Speed, rpm x 103. 

10. Frequency cps. 
11. Efficiency. 

12. Weight of generator,  kg. 
13. G/Prated,  kg/kwA. 

14. Flight ceiling,  H.  km. 
15. Length. 
16. Width. 
17. Height. 
18. Regulating Equipment. 
19. Voltage regulator. 
20. Svitch-over box. 
21. Outside resistance. 

O 

3.    Automatic Regulation of the Output Voltage of  the  Converters. 

IN CONVERTORS OF THE PO TYPE synchronous generators are used, the 
output voltage of which is stabilized by automatic voltage regulator, 
by changing the current excitation winding. 

In fig.  1.3 we present a system of voltage regulation of a single- 
phase synchronous generator of PO type converter by means of the car- 
bon regulator RC, and magnetic amplifier MA.  The alternating resist- 
ance of  the carbon regulator Rv is connected in series with the gener- 
ator's excitation winding GEW.   The operating coils of generator We is 
connected to the output of the magnetic amplifier   (winding Wp) to 
rectifier B^. 

The current in the operating coils of the regulator depends on the 
inductive resistance of the magnetic amplifier, which is determined by 
the sub-magnetising current,  created by the currents running In oppo- 
site directions through windings Wcn and W . 

The displacement winding Wcm,   is supplied through rectifier B2 

from the stabilised voltage,  provided by the electromagnetic voltage 
stabilizer. 

The EMS consists of a two-rod core,  the rods of which have unequal 
cross-sections. On the non-saturated rod of a larger cross-section, 
the primary and compensating coils are wound, on the saturated rod of 
the smaller cross-section,  the secondary coil is wound. 

The primary   cross-section is connected to the output voltage of 
the converter.  Upon a variation  of this veltsge the electromotive 
force at the terminals of the secondary winding of the stabilizer, be- 
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kf-  ;' Ig 
Fig.  1.3.    Diagram of regulation of the single-phase synchronous 

generator of  the PO type converter. 

cause of the high saturation of the rod,  will vary to a considerably 
lesser degree.   In order to compensate,  even this small variation of 
the electromotive force, we connect In series with a secondary wind- 
ing of the stabiliser and In opposite direction to It, a compen- 
sation coll,  the electromotive force of which varies proportionally 
to the voltage delivered. 

In this way,  at  the EMS output we assure a stabilised voltage, 
equal to the difference between the voltages of the secondary and 
compensatlonal coils. This is the standard voltage, with which the 
regulated a~c current is compared. Therefore, Wcm creates a constant 
magnetic flux,  which practically retains its value and direction under 
all operating conditions of the convert or.   The introduction of a 
displacement winding expands the field of utilization of the working 
characteristics of  the magnetic amplifier,  and makes it possible to 
Increase the magnetizing force in order to increase its sensitivity. 

The control winding W    is connected through rectifier P3, directly 

to the regulated voltage of the generator, and is the jensitlvo element, 
reacting to the deviation of the generator's voltage from the prescribed 
voltage.   It creates magnetization of the magnetic  -.mplifier,  propor- 
tional to the deviation of the generator's voltage. The amplified 
signal,  through rectifier P),  goes to the coils rf  the regulator,  which 
change the excitation in the necessary limit, and restores the 
prescribed voltage level of the generator. 

In order to Increase the voltage regulation precision during volt- 
age discharges and connection of a load, there is a correcting winding 
W^,  connected in series with the correcting winding Vy,c of the mag- 
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netlc race of revolution stabilizer through rectifier  Bi«,  to the 
secondary winding of  the current transformer IT. 

In order to disrupt  the  automatic oscillations,  which may 
originate upon a change  in the converter's operating conditions, 
a  stabilizing transformer TS  is used. 

Upon the change of the operating conditions of  the convertor 
in the secondary winding TS an electromotive force  is  induced,  and 
a current originates which Is always directed in buch a way as to 
smooth out the  Initial current  deviation  in the operating coils of 
the  regulator We. 

The voltage regulators manufactured according  to  this diagram, 
provide for stabilization of  the output  voltage of  the   convertors 
with a precision of up to  3Z,   upon a change of the  load from 0 to 
the  rated load and deviation of  the feed voltage up  to + 10Z. 

IN CONVERTORS OF THE PT TYPE with synchronic magneto-electric 
generators,  the output voltage  is stabilized automatically by 
voltage regulators  through a  change  in the value of  the magnetic  re- 
sistance of the  stator's yoke,  through a change of   the current  in the 
control winding of the generator CG. 

In fig.  1.4 we present  a  system of voltage regulation of the 
three-phase magneto-electric  generator of  the PT type convertor. 
The control winding of  the   "WC generator  is connected  to the output 
of  the magnetic amplifier MA  through rectifier B). 

The current  in the control winding of the generator is determined 
by  the inductive  resistance of  the magnetic amplifier,  which depends 
on the resulting magnetization of  the current,  created  by currents 
flowing through the MA culls:   the control winding Wv,   successive feed 
back W0.ci,  parallel feed-back W0#c<   and displacement  coils Wcm, 
connected  in the opposite direction to them. 

The  feed-back windings  serve for increasli.^ thv  sensitivity of 
the magnetic amplifier and are connected  in accordance with the control 
winding Wy.  Colls Wcm and Wy  serve ftr purposes which were mentioned 
earlier. 

In this way,   in the stator's yoke two fluxes are  active:  the con- 
stant,  determined by the magnetization force of  the  control winding 
of  the generator and the alternating, determined by  the magnetization 
force of the magnets. 

Upon a change of  the current in the control winding of the gener- 
ator   (CWG)  the magnetic permeability changes and consequently so does 
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0 
the magnetic resistance of the stator's yoke, which results In a 
change of the value of the machine's operating flux. 
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Fig. 1.4.  Diagram of voltage regulation of a three-phase magneto- 
electric generator of the converter of the PT type. 

The voltage regulation process occurs in the following manner. 
Upon a change of the regulated voltage, the current in the control 
coils in the amplifier changes, causing a change in the resulting 
magnetization flux of the amplifier''« core and its inductive resistance. 
As a result, the current in the operating coils of amplifier VL and 
consequently the current in the control coils of the generator, changes 
in such a way, that its voltage at the terminals is reduced to the 
rated value. 

In the convertor«*»f the PT type with synchronic electromagnetic 
excitation generators, the voltage is regulated according to the 
system examined for PO. In this case the elements of the regulation 
system are connected to a phase voltage using the neutral lines of 
the generator. 

In certain voltage regulators, voltage meters VM, made in the form 
of a bridge with a nonlinear element in one of the parts, are be- 
ginning to be used as the sensitive element (see fig. 3.6 of the V. 
section). 

The bridge with the nonlinear resistance has a higher sensitivity 
and output voltage stability, which makes it possible to raise the 
voltage regulation precision of the converter up to + IX  and higher. 
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S4.  Stabilization of the A-C Converter's Frequency. 

The frequency of the converter's alternating-current is stabilized        ( \ 
by Che automatic frequency regulator by assuring the constant rate of 
rotation of the electric motor by changing the current in its control 
winding CW. 

The frequency regulator consists of three elements: the measuring 
element in the form of a resonance contour LC; the amplifying element 
in the form of a carbon regulator or magnetic amplifier; and an ex- 
ecutive element in the form of control winding CW of the electric 
motor. 

The frequency is regulated over a closed cycle, i.e., the deviation 
of the frequency from the rated value is received by the measuring 
device, the signal from which is amplified and transmitted to the slave 
element which, acting on the electric motor, restores the frequency 
practically to the former value. 

The frequency regulators are divided into static and astatic, ac- 
cording to the principle of regulation. 

In the static regulator, each perturbation value according to load 
and voltage of the feed, correspond to its own value of frequency with 
a stabilized regime. Depending on the type of the static regulator, it 
assures stabilization of the converter's- frequency with an accuracy of 

up to + 0.5X. 

The astatic regulator with any perturbation value assures the 
same value of the frequency in a stabilized regime. Such regulators 
maintain the precision of frequency stabilization of the order of + 
0.05Z, and higher, and are used in special purpose converters. As an 
example of the astatic principle of regulation, we may measure the in- 
tegral frequency regulator, examined below. 

The measuring element for detecting the frequency deviation from the 
rated value may be the resonance circuit, presented in fig. 1.5. 

Usually the circuit is tuned up for the resonance frequency fres ■ 
480-520 cps. In this case with a rated frequency frated ■ 400 cps 
the working point A is located on the left branch of the circuit's 
characteristics. 

In this way, upon deviation of the conductors frequency from the 
rated frequency, the resulting current of the circuit changes, in- 
creases when the frequency decreases and decreases when it rises. This 
current upon amplification is used for stabilization of the speed of 
rotation of the electric motor. 
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THE RESONANCE FREQUENCY REGULATOR WITH A CARBON AMPLIFIER is given 
in fig. 1.6. The frequency meter is a resonance circuit LC, tuned up 
for the resonance frequency higher than the rated frequency. Upon the 
deviation of the frequency from the rated value, the current In the 
resonance circuit changes, going through the rectifier into the wind- 
ing of the carbon regulator's electro magnet. 

Fig. 1.5. 

IJ: 
V*- *00it( fm wcmoma 

Work of the resonance circuit. 
Key: 1. (geometrical sum), 

2. 400 cps fre8 frequency, 
3. currents. 

The latter, by changing the resistance of the carbon column, changes 
the current in the control winding (CW) of the electric motor. In this 
case the excitation current of the electric motor changes in such a 
way that the frequency would approach the rated value. 

The carbon regulator (in the role of the amplifying element) has 
a limited sphere of application because of its insufficient reliability 
and decrease of the frequency stabilization precision in the process 
of operation due to the wear of the carbon disks. 

Fig. 1.6. Diagram of the res- 
onance frequency regulator 
with a carbon amplifier. 

,0-  Ä* 
Oo/vncem* 

Fig. 1.7. Simplified diagram 
of the resonance frequency 
regulator with a differ- 
ential magnetic amplifier. 
Key: 1. Aircraft power 

system. 

.'-< 
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RESONANCE FREQUENCY REGULATOR WITH A DIFFERENTIAL MAGNETIC AM- 
PLIFIER is presented in fig. 1.7. It assures a frequency stabilization 
precision of up to + 1Z. The measuring end of the frequency consists 
of two resonance circuits L^Ci and L^C-, while the amplifying link 
is the magnetic amplifier MA, which carries out the role of the vari- 
able inductive resistance in the control winding (CW) circuit of the 
motor. 

The operating coils VL, of the magnetic amplifier are connected in 
such a way, that over eacn one of them flows a pulsing current, the 
constant component of which, overmagnetizing the amplifier proportion- 
ally to the working current of the load, creates a positive feed back. 

The L2C2 circuit, tune to a frequency of 450 cps, feeds the con- 
trol winding (for super-magnetization) Wy2, the magnetic flux of which 
is directed according to the flow of the positive feed-back. 

The LjCi, tuned to a frequency of 330 cps, supplies the control 
winding W 1 (neutralization) which creates a flux, directed In the op- 
posite direction to the fluxes of the super-magnetization and positive 
feed-back. 

The increase in the voltage of the power supply system or decrease 
of the load on the generator causes an increase of the rate of rotation 
of the electric motor, and consequently, the frequency of the alter- 
nating current. In this case the current in the super-magnetization's 
winding increases, and in the neutralization coils it decreases. Owing 
to the counter-current connection of these windings, the resulting 
magnetic flux Increases, which results in an increase in the core's 
saturation, and consequently in a decrease of the inductive resistance 
of the choke coil to alternating-current. In this case, the current in 
the controlling winding of the electric motor increases, and its speed 
drops. Upon an increase of the feed voltage or an increase in the load, 
the regulation process occurs in the opposite order. 

With a frequency of 400 cps the currents in the super-magnetization's 
windings and neutralization windings become equal and their magnetic 
fluxes are neutralized. To prevent the origination of automatic os- 
cillations, during a change of the converter's work conditions, stabil- 
ity transformer TS is Introduced, the primary winding of which is con- 
nected into the electric motor's circuit, and the secondary Into the 
damping coil We of the magnetic amplifier. 

The change in operating conditions brings out a current pulse, 
which is transmitted to the damping coils of the magnetic amplifier, and 
its action is always directed in such a way, that it slows down the 
change of the current in the control winding of the motpr, which origin- 
ates in It, due to the change in the current of the circuits. 
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In some frequency regulators with magnetic amplifiers, systems 
with a single resonance circuits are used. In such systems, there 
is always a substantial initial super-magnetiration of the magnetic 
amplifier, as a result of which the limits of regulation are lowered 
substantially. 

THE INTEGRAL FREQUENCY REGULATOR with an astatic regulation 
principle is presented in fig. 1.8. 

In the regulators there are two regulation channels: the coarse 
with two resonance contours PKi and PK2, and fine, with a course 
prescribing a generator, QPG, and phase discriminator PhD. Both 
channels are connected in parallel Co the differential magnetic am- 
plifier MA, the output from which through rectifier B is delivered 
to the control winding CW, of the converter's electric motor. 

The coarse channel consists of a resonance frequency regulator, 
with a differential magnetic amplifier, the operating principles of 
which were examined earlier. 

In the precise regulation channel, the frequency phase discrim- 
inator determines the angle of phase shift it  between the vector of the 
standard frequency voltage, produced by the QPG, and the vector of the 
regulated converter voltage. 

The phase discriminator delivers to the magnetic amplifier a 
voltage, proportional to the cosine of the angle of phase shift Uf^ 
- K • cos i>,   i.e., it carries out the integral control with respect 
to the phase shift angle. Consequently the established operating con- 
ditions in the system are possible only with the difference of the 
standard and regulated frequencies. This signifies, 4^t the converter 
is synchronized with the standard frequency source, and the stabili- 
zation precision is determined exclusively by the precision of the 
standard frequency, which for the QPG is about O.OSZ. 

- j~ 

Fig.   1.8.   Simplified diagram of an integral 
frequency regulator with a source 
of standard frequency. 
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With • large deviation of Che frequency of the transformer from 
the rated value, the regulation is carried out by the coarse chan- 
nel, which narrows down the range of the frequency deviation fro« 
the rated frequency. In this narrow range the fine regulation chan- 
nel begins to operate, as  a result of which the precision of the 
convertor's frequency stabilization increases. 

$5.  Secondary, Single-Phase A-C Power Systems. 

In the secondary a-c single-phase power systems the centralized 
(group) power supply to the consumers is being widely practiced. 

Power systems with a separate work of the convertors for a cer- 
tain specific group of consumers or automatic connection of a re- 
serve source when the principal source fails, have been adopted in 
practical work. 

POWER SYSTEM WITH A ONE-SIDED SWITCHING-OVER OF THE RESERVE CON- 
VERTOR.In fig. 1.9 we present a diagram of a power system with two 
converters, one of which is reserve, turned on automatically (by 
means of the switch-box) into the system when the principal one fails. 

The Switch-box. SB, disconnected automatically the main con- 
vertor and turns on the reserve convertor if the voltage of the al- 
ternating current is absent because of: 

1. A break in the a-c circuit inside the convertor or in the 
external circuit before the switch-over conductor; 

2. Short-circuit in the generator or feeder line, supplying the 
a-c consumers busbars (before the switch-over conductor); 

3. Short-circuit or break in the a-c feed circuit of the con- 
verter. 

Introduction of the SB does not exclude the necessity for using 
the centrifugal switch (CS) of the convertor, but only supplements 
its protective functions. 

In certain emergency cases, for example, when there is a break 
in the circuit of the control coils of the electric motor, a break 
in the a-c circuit of the choke coil, etc., only the centrifugal 
switch operates and then after the convertor is stopped, the SB is 
turned off. 

In other emergency situations: a break or short-circuit in the 
a-c feed circuit of the converter, in the a-c generator or feeder 
line only the SB operates. 
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Flg. 1.9. Simplified circuit diagram of the secondary single-phase 
a-c power system with converter reservation. 

Key: 1. main, 2. frequency regulator, 3. choke coll, 
4. reserve. 

Emergency cases are also possible when the SB and the centrifugal 
switch of the convertor operate almost simultaneously. This phenomena 
takes place when there Is a break In the operating colls of the gener- 
ator or the excitation circuit of the generator and a disruption of 
the brush contact. 

Installation of one SB assures a one-sided switch over of the a-c 
load from the mail, convertor to the reserve one. One converter in this 
case operates the main one, and the other remains in a reserve (it 
does not turn). For uniform wear of the converter's during operation 
it is necessary to switch their positions periodically, in this case, 
we have in mind their service life with respect to the flight hours, 
which is practically doubled. 

The SB system is collected by two small size switch-over relays 
?l  and P2. Relay Pi reacts to  the a-c voltage value, and relay P2 to 
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Che blocking voltage value. Relay P^ is connected to the a-c cir- 
cuit through a step-down automatic transformer AT, and rectifier 
B, assembled according to the two-half period bridge system. 

The one-sided switch-over system operates in the following way. 
When the switch is set in the "main" position, the aircraft power 
system voltage is delivered to the static conductor Kj of the main 
converter POi through contacts 2-1 of relay P2 and contacts 3-5 
of the centrifugal switch CS^. The converter is starred, and through 
the normally closed terminals Ki supplies the a-c distributing bus- 
bar 43D. 

Dpon the appearance of a voltage on the a-c busbar, relay Pi 
operates, which including contacts 2-3 and 5-6 gives them the im- 
pulse to turn on relay ?2  over the following circuit: the + of the 
power line system aboard the aircraft, - contacts 5-6 and 3-2 - 
relay Pi - winding of relay P2. 

Relay P2 operates and the + of the aircraft's power system is 
additionally delivered to its windings through its own contacts 
2-3. 

After relays Pi and ?2  have operated, the system is prepared 
for fulfilling its tasks in switching over the conductors. Here, the 
windings of the static conductor Ki of the principal converter, are 
supplied through closed conracts 5-6 of relay p, and the feed cir- 
cuit of the windings of the starting conductor K2 of the reserve 
converter and the switch-ever conductor Kn of the a-c feeder is opened 
only by contacts 1-2 of the same relay Pi. 

The absence of an a-c voltage, causes relay Pi to open its con- 
tacts and in tU^gü^ disconnects the principal converter and con- 
nects the reserve converter over the falling circuit: aircraft 
power system +, • - contacts 2-3 of relay P2, contacts 1-2 of relay 
Pi, contacts 5-6 of relay P2, contacts 3-5 of the centrifugal 
switch CS2, of the reserve converter. 

The signal lamp L Indicating the work of the reserve converter, 
lights up. In order to protect as big a sector of the a-c feeder as 
possible, from breaks and short-circuits, the connection point of the 
conductor, supplying the switch box with alternating-ctirrent, should 
be placed directly next to the distributing busbars. 

When the automatic system fails, it is possible to switch on the 
reserve converter manually. For this purpose, switch S, should be set 
in the "reserve" position. In order to check the protective action of 
the switch box, SB, during operation, a checking-button CB, Is pro- 
vided, which should be normally closed. 
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For automatic switching over of the convertors, instead of 
relay switch boxes of the RSB type, we can use switch boxes of 
the SSB type with semi-conductor elements. 

THE POWER SYSTEM WITH TWO-SIDED SWITCH-OVER OF THE CONVERTORS 
as shown in fig. 1.10, as two RSB switch boxes. 

Any of the two convertors installed, may be started and put to 
work, while the other fulfills the role of the reserve source. The 
two-sided switch-over system makes it possible to operate more uni- 
formly the convertors installed on the aircraft, turning on alter- 
natively one of the two convertors as the main one. 

TWO SELF-CONTAINED POWER SYSTEMS WITH A SINGLE RESERVE CONVER- 
TOR, are shown in fig. 1.11. This system has three convertors and 
two RSB switch boxes. 

CM 
i:'     Li''   r ' 

Fig. 1.10.  Diagram of a power system with two-sided con- 
vertor switching. 

Two convertors are the main ones (do not work normally) and 
the third is called reserve (does not spin).  One of the principal 
convertors works for its own Individual a-c busbar. The most impor- 
tant a-c consumers are connected to busbar 23D, and the less im- 
portant ones to busbar 23E. 

The system fulfills the following protective functions: 
1. When any one main convertor (POj or PO2) goes out of commission 

it is disconnected from the corresponding busbar, and the reserve con- 
vertor PO3 is connected in its place. 

2. If first the main convertor POi goes out of commission and then 
reserve convertor PO3 will be connected to its busbar; vhen the main 
convertor PO2 will go out of commission, the latter will be disconnected 
from its busbar 23E and the busbar with the less Important consumers 
will be deprived of current. 
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Fig. 1.11. Diagram of two self-contained power systems with a single 
reverse converter. 

Key: 1. Important consumers, 2. other consumers, ?. 
reserve, 4. main. 

3. If first the principal consumer PO^ will go out of commission, 
the reserve convertor PO3 will be connected to Its busbar, and then 
the main converter POi will go out of commission, the latter will be 
disconnected from Its busbar 23D and the reserve convertor will switch 
over from busbar 23E to 23D, supplying power to the most Important 
consumers. 

Apart from automatic connection of the reserve converter. Its 
manual connection Is provided for by setting the switch ?! and Pp 
Into the "reserve" position. 

The work of each main convertor Is signaled to Its llt-up bulbs 
Li and L2. When the reserve convertor Is connected to one busbar or 
another, the bulb L3 lights up. 

6.  Secondary A-C Three-Phase Power Sy^cems. 

The secondary a-c three-phase power systems usually have a small 
power on the order of 0.5-3.0 kvA, a voltage of 36 v + 3X and a 
frequency of 400 cps + IX  and supply power to the low power, but Im- 
portant consumers. Including the pllotlng-navigation control systems, 
and flight control systems. 
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The parallel work of the convertors did not become practically 
applicable, because it must meet the same requirement as the parallel 
work of synchronous generators, and this is connected with complication 
of the system, increase of the weight, and decrease of reliability. 

The parallel work of convertors is rendered more complicated by 
the fact that they should maintain the prescribed voltage and fre- 
quency level at the a-c power system during fluctuations of the d-c 
system voltag« by ♦ 10X from the normal, a variation of the load from 
0 to rated, and variation of the surrounding mean temperature in a wide 
range. 

Three-phase a-c power systems with a separate work of the con- 
vertors for a specific group of consumers and automatic connection of 
the reserve source, when the main one fails, have practical applic- 
ation. 

The structural principles of the secondary three-phase a-c power 
systems with convertors are analogous to the systems of the secondary 
single-phase a-c power systems, therefore, as an example, we shall 
examine only a few of them. 

THE POWER SYSTEM WITH A ONE-SIDED SWITCHING-OVER OF THE RESERVE 
CONVERTOR. The power system, the diagram of which is given in fig. 
1.12, includes: 2 three-phase convertors, of which one is the main, the 
second is the reserve; a RSB switch box; switch S, switch-over con- 
tactor Kn; signal lamp L; distributing device DD26 with busbars and 
a protective system for the consumers. 

The SBR switch box is intended for purposes which were noted in 

When the switch is set up in the "main" position, the minus is 
delivered over the following circuit: terminal 5-terminals 5-4 of 
relay Pi,-terminal 8 and winding of conductor Kj of the principal con- 
vcrtor of the PTj. The convertor is started and delivers an alter- 
nating current to the power system. The a-c voltage goes to the SBR 
through terminals 1, 2. 3. Relays Pi, P2, Pj, ?,,. operate. Relay P«, 
seals itself in. The system is prepared for carrying out the tasks 
on switching over the convertors. 

In the absence of an a-c voltage, relay P|, opens its contact, 
which results in the release of relay ?2  and P3, and relay Pu, is in 
the operated condition, because it is sealed in. A minus from the 
switch S, will pass over the following circuit: terminal 5 of SBR- 
contacts 8-7 of relay Ps-contacts 3-2, of relay P^-terminal 7 of SBR 
-terminal 5 and winding K2 of the reserve convertor PT2. The reserve 
convertor is started and connected to the distributing busbar by the 
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switch over conductor KJJ, which receives Its minus simultaneously 
with K2. In this case the signal lamp L "work of reserve converter" 
lights up. 

In order to find out the disruption 01:  the relationships between 
the voltages In the a-c phases in the SBR there la a filter con- 
sisting of Ri,; R3; Cj; Rj; C.. With the correct phase voltage ratio 
no current Is delivered through rectifier Bj Into winding 1-2 of 
the magnetic amplifier, and upon disruption of this ratio It Is de- 
livered. 

Windings 1-2 and 3-4 of the magnetic amplifier are connected in 
countercurrent, consequentlv, when the current flows through winding 
1-2 the magnetic flux of the ovennagnetization decreases ard In- 
ductive resistance Increases, which results In a decrease of the cur- 
rent flowing through the winding of relay Pj. Relay Pj opens up and 
the system oparates, as It has been noticed above, disconnecting 
the main convertor and connecting the reserve convertor. 

When the automatic switch over system fails, the possibility Is 
provided for turning on the reserve convertor manually by setting 
up the switch S In the "reserve" position. 

For automatic switching of converters Instead of relay switch 
boxes SBR, we can use switch boxes of the SSB type with semi-conductor 
elements. 

TWO SELF-CONTAINED POWER SYSTEMS WITH A SINGLE RESERVE CONVERTOR. 
In fig. 1.13 we show a diagram containing 3 three phase convertors 
and 2 RSB switch boxes. The two .convertors are the main (normally 
operating) convertors and the third is In reserve (does not spin). 
Each of the main convertors operates for Its own separate a-c busbar. 
On the busbar 250 the most Important a-c consumers are connected and 
to busbar 25E the less Important consumers are. 

The system carries out the following protective functions: 
1. When any main converter (PTj or PT2) goes out of commission. 

It is disconnected from the corresponding busbar, and the reserve 
convertor PT3 is connected in its place. 

2. If at the beginning the main convertor PTj, goes out of com- 
mission and the reserve convertor PT3 is connected to its busbars, 
then the main convertor PT? goes out of commission, and then the latter 
is disconnected from its busbar 25E, and the busbar with the less im- 
portant consumerr. will be deprived of current. 

3. If first the PT^ main convertor goes out of commission, and 
the reserve convertor PI3 is connected to its busbars, and then the 
main convertor PTj goes out of commission, the latter Is disconnected 
from its busbar 250, while the reserve convertor is switched over 
from busbar 25E to 250, providing power supply to the most important 
consumers. 
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Flg. 1.12. Simplified diagram of the secondary three-phase a-c 
power system with converter reservation. 
Key: 1. frequency regulator, 2. voltage regulator, 3. 

reserve, 4. main. 

In addition to automatic connection of the reserve convertor, the 
manual connection of it is provided for by setting the switches Sj 

and S2 in the "reserve" position. 

When the reserve convertor is working instead of the main one, 
lamps Lj or L2 light up. 

Chapter II.  Secondary D-C Electric Power Systems. 

II.  Role of the Secondary D-C Electric Power System. 

On aircraft with a primary three-phase d-c power system with a 
voltage of 200/115 v, a secondary d-c power system with a voltage of 
27 v is indispensalle. 
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Fig. 1.13. Diagram of two self-contained power systems with a single 
reserve converter. 

Key: 1. important consumers, 2. other consumers, 3. 
main, 4. reserve. 

Direct-current is necessary for feeding: radio communication, 
radar, navigation-piloting, electro-magnetic relay, electric cranes, 
control, protection-, and synchronization circuits. The d-c secondary 
power system is also indispensable for recharging the storage 
batteries, which are used as an emergency feed source. 

The capacity of d-c consumers does not exceed 5-10% of the entire 
a-c power consumed. However, their quantity is extremely high and they 
play a substantial role in the reliability in the various systems. 

As the energy sources in the secondary d-c power systems'electro- 
mechanically and statical convertors change, a-c into d-c may be 
used. Static converters in the form of transformer-rectifier units 
(TRU) have become widely used in actual practice. In comparison with 
electromechanical units, they possess a number of substantial ad- 
vantages: absence of rotating and mobile parts, sparkfree current 
switching, silent operation, low relative weight (kg/kw), higher 
efficiency and reliability especially at high altitudes. 

In the secondary d-c power systems, three types of connections of 
TRU are possible: separate for a corresponding group of consumers, 
parallel for a concentrated load, and parallel for a spread out load. 

When a-c generators with a non-stabilized frequency are used as 
the principal primary sources of energy, we may use rectification de- 
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vices for creating d-c power systems, used as the principal power 
supply system of the aircraft. 

§2. Circuit Diagrams of Rectifiers Used in Rectification of 
Alternating-Current. 

In fig. 2.1 we present certain diagrams of rectifiers used most 
widely in rectifying single-phase and three-phase operating currents. 
In the different variations of the systems, one- or two-half period 
rectification is provided for. 

Half-wave rectification systems (especially single phase) are 
used seldom, because of the poor utilization of the transformer and 
large pulsation of the rectified current. The smoothing out of which 
requires cumbersome filters. 

With the conventional full wave system of rectifying single-phase 
current (system b), the transfornter should consist of two secondary 
windings, connected in series and having a common output. 

For three-phase rectifiers, according to the conventional sys- 
tem (diagram h) it is necessary to have a transformer with a six- 
phase secondary winding, and with an output from the central point. 
In this case, it is possible to have only one new system of con- 
nection of the secondary windings, namely the star-system. 

The single-phase bridge system (diagram c) requires only one 
secondary transformer winding. In this case the total voltage of the 
secondary winding is equal to one-half of the total voltage of the 
secondary windings of the conventional full wave system, which re- 
sults in the decrease of the transformers weight. 

Similar properties are possessed by the three-phase bridge 
system, in which there is a high utilization of the transformer and 
rectifiers, the absence of forced magnetizing current core, small 
pulsations of the rectified current, and utilization of the trans- 
former with the conventional connection of the circuit's secondary 
windings, namely the star or delta system. 

In this way, in comparison with the usual circuit diagrams of 
the rectifiers the bridge systems are distinguished by low Inverse 
voltage, and permit the use of conventional transformers. However, 
they have a double set of rectifiers of lower power. 

The mean value of the rectified voltage Ug, as we know, is ex- 
pressed by the following formula: 

IT       ^ J V It Uo « — m sin — U, 
B   77       m  ' 
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Fig. 2.1.  Circuit diagrams of rectifiers used in rectifying 
alternating-currents. 

Key: 1. Period, 2. single-phase half wave, 3. 
single-phase full wave, conventionally, 4. single- 
phase full wave, bridge, 5.three-phase half wave, 
6. three-phase full wave, bridge, 7. four-phase 
half wave, 8. four-phase full wave, bridge, 9. 
six-phase half wave, 10. six-phase full wave, 
bridge. 

where m - is the number of rectified half waves of one; 
U - is the effective value of the applied alternating voltage. 

Depending on the circuit diagram of the transformers 
and rectifiers, as it is shown in fig. 2.1, the number of rectified 
half waves of a single period varies, and proportionally the value of 
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the rectified voltage does so also. 

In order to obtain specific rectification systems with certain 
parameters, semi-conductor rectifiers are collected Into rectification 
columns. In any brdlge system the number of rectifiers connected In 
series and In arm of the system. Is found from the equation 

Ux/2" 
n - -        , 

rv 

where U^ - Is the effective value of the transformer's voltage, 
while Idling; 

Urv -  Is the permissible reverse voltage per one rectifier. 

If for the prescribed load a single element Is Insufficient, then 
two or more elements are connected In parallel. The number of parallel 
branches m Is found from the equation 

- 

where I -  Is the prescribed load current; 
1 - Is the rectified current per one element In the arm for 

the circuit diagram selected. 

Connection of the elements In parallel Is permitted If the differ- 
ence In the values of the voltage drop In the straight direction does 
not leave the limit of 0.2 v. When the elements are connected In series 
a difference In the reverse voltages of not more than 2-3 v is per- 
mitted. 

The efficiency of the rectifier depends on the quality of the 
rectifier itself, which is determined by the electrification coefficient, 
on the circuit diagram, the value and the character of the load. 

The theoretical efficiency is determined as the ratio between the 
power of the constant rectified current component to the power of its 
effective value. In this case it is considered that the resistance of 
the rectifier in straight direction is equal to 0 and in the reverse 
direction to infinity. The efficiency of solid state rectifiers under 
different loads is calculated by the following formula: 

P + APbr + AP^ 
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where P is the power of the rectified current; 
APbr -  are the losses in the rectifier in the straight 

APrv -  are losses in the rectifier in the reverse direction. 
direction; 
are losses 

The mean value of losses per one period, is 

where i^Ti  UbrJ irv» ^rv " are instantaneous values of straight and 
reverse currents and voltages. 

The circuit diagrams of transformers and rectifiers affect the 
value, shape and frequency of pulsations of the recti-fied voltage. 

The pulsations, acting on the radio-communication equipment, cause 
noises. An important significance is possessed by the shape of the 
wave in the pulsation frequency. A frequency of over 20,000 cps having 
a sinusoidal wave-shape, does not cause sound noises. 

The value of the pulsation at any frequency should not exceed 10% 
of the rated voltage. 

For d-c generators, the pulsation frequency is a function of the 
quality of collector plates and rate of rotation. This frequency, as 
a role, is above the sonic range. 

The principal pulsation of the a-c generator frequency consists of 
two cycles, three-phase each, i.e., of six pulses per cycle, repeated 
400 times per second. The full frequency amounts to 2400 pulses per 
second. 

The pulsations in the rectifiers, especially when the Silicon 
and Germanium diodes are used, do not form a sinusoidal shape, which 
consists of a series of harmonics. The frequency of pulsations of these 
harmonics lies within the range of the sound band. 

The pulsatio! amplitude may be lowered and frequency doubled by 
means of six-phase transformers, having each two three-phase secondary 
windings, which may be adapted for half or full wave rectification 
(diagrams h and i). 

If they are intended for a half wave rectification, the secondary 
three-phase windings, connected in a star, have between them a feed- 
back through the equalizing reactor. In this case the pulsation fre- 
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quency will be the same as In the three-phase  rectification of a 
full wave (diagram h). 

In the full wave rectifier, in order to rectify a full wave sec- 
ondary winding of three-phase transformers are connected in such a 
way as to obtain a shift of linear voltages by 30°, the pulsation 
frequency being doubled in comparison with the three-phase rectific- 
ation of full wave (system i). 

The storage battery, operating in parallel with the rectifiers, 
smoothes out thy voltage pulsations. When they smooth out the puls- 
ations by condensers, this will result in a certain increase of the 
weight, therefore it is preferrable to use combinations of trans- 
formers and rectifiers which yield a smaller amplitude and a larger 
pulsation frequency. 

3.  Diagrams of Transformer-Rectifier Units (TRU). 

The transformer-rectifier unit usually contains a transformer, con- 
verting the voltage of the primary power system (in this case simul- 
taneously, we may convert a number of phases and produce a zero point) 
electric rectifiers, in the role of which Silicon diodes are used, and 
auxiliary devices for regulating voltage, cooling, protection against 
over heating, and synchronization. 

The transformer-rectifier unit is for three-phase a-c, depending 
on the circuit diagram of transformers and rectifiers, may be divided 
into four principal types: 

1. Three-phase, half wave. 
2. Three-phase, full wave. 
3. Six-phase, half wave. 
4. Six-phase,full wave. 

The primary windings of transformers, included in these rectifiers, 
are connected in a star or delta, depending on the value of feed voltage 
and the desired grouping of the initial phase of the harmonics, which 
appear on the side of the rectified voltage, and in the curves of the 
primary currents. The number of secondary phases of a transformer, is 
selected as a multiple of the number of the initial phases. With an 
equal number of phases we obtain a three-phase rectification of a three- 
phase current, with a double number of secondary phases we obtain a 
six-phase rectification of a three-phase current. The secondary wind- 
ings are connected in such a way,that the shift of the voltage vectors 
of the main harmonics would be 60°. In this case the six-phase system 
is formed. 

The following features serve as a criterion for selection of sec- 
ondary phases: - \ 
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1. Tendency to produce minimum pulsations (waviness) in the 
rectified voltage curve, so as to exclude entirely the necessity 
of using the smoothing out filter or to simplify it. 

2. Tendency to obtain the minimum number and value of harmonics 
in the a-c circuit in order to prevent the excessive heating of the 
a-c generators and appearance of resonance phenomena in the a-c 
power line, which supplies the rectifying units. 

3. Assurance of the high level of utilization of the transformer 
windings, with respect to power, yielded by them to the rectified 
current circuit. 

In three- and six-phase circuit diagrams of the transformers, 
half wave and full wave rectification is possible. 

The full wave rectification doubles the pulsation frequency, 
since in each phase (through the bridge system rectifier connection) 
in one period a full wave is rectified, lowering the pulsation ampli- 
tude. The Increase of pulsation frequency and decrease of amplitude 
improves the quality of the rectified current, and decreases the size 
of the smoothing out filters and noises in the radio equipment. 

The full wave rectification system provides for a more complete 
utilization of the windings of the transformers, since by the same 
output capacity over the windings of the secondary circuit of the 
transformer flows a current with a smaller amplitude during two half 
waves instead of one, which results in a decrease of the transformers 
weight. 

With normal work, the transformer-rectifier units are calculated 
for a change in frequency at the input in the 380-420 cps range. Under 
emergency conditions, in case of damage to the frequency regulator, 
the units should permit a frequency change at the input in the range 
of 360-800 cps. Upon the change of the input voltage within the limits 
of 200*3 v, and a change in the load from 10% to the rated load, the 
precision of the output voltage stabilization should be not less than 
28 v ±9%. The units should provide for a brief overload (1.5 Irated) 
during every 15 minutes in work with the rated workload, and an 
efficiency of 0.8-0.85; cos i|> - 0.95-0.98. The relative weight in 
relation to the circuit diagram of the transformers and rectifiers 
fluctuates between 1.4 and 2.5 kg/kw. 

In order to remove the largest amount of power, provisions are 
made for blowing the rectifiers and transformers by means of a fan or 
with air from r.he air-conditioning system. 

Signals on overheating are provided, working by means of thermal 
switch, which operates at a temperature of 120-150oC - by the rettifier 
and of about 200oC by the transformer. The thermal switch is used by 
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sending a warning signal or automatic disconnection of the TRU. 

In order to disconnect the TRU upon a change in the input volt- 
age in a small range, there are several stages of switching over 
the number of colls of the primary winding of the transformer, it 
being possible to make this switch automatically. At the TRU out- 
put a shunt for the ampere-meter is cut. 

Let us examine certain specific features of the transformer- 
rectifier units with specific systems of connections between the 
transformers and rectifiers, which are used most extensively in the 
secondary d-c power systems. 

THE THREE-PHASE HALF WAVE RECTIFIER A/A is presented in fig. 
2.2. The rectified current has 1200 pulsations per second with a 
substantial amplitude of the variable component, since in each phase 
in one period, there is a rectification of only one half wave stop. 
The quality of the rectified current is relatively low, and for 
smoothing out pulsations in their decreasing noises, filters are re- 
quired. 

THE THREE-PHASE FULL WAVE RECTIFIER A/A is presented in fig. 
2.3. In the full wave system with a single s.econdary transformer 
winding, the rectified current has 2400 pulsations per second, as a 
result of rectification!, of the full wave, i.e., the system is equi- 
valent to a six-phase system. Due to the increase of the pulsation 
frequency, and decrease of their amplitude, the quality of the 
rectified current is higher as in the analogous half wave system. 
The smoothing out filters have smaller dimensions, weight, and 
radio noises. 

The system assures a more complete utilization of the iron and 
windings of the transformers. 

THE SIX-PHASE HALF WAVE RECTIFIER A A -12 WITH AN EQUALIZING 
/A-6 

REACTOR is given in fig. 2.4. 

The conventional six-phase system for a half wave rectifier with 
a 0 output possesses a low utilization level of the iron and windings 
of the transformer, since the time of the current flow through the 
winding and the diode amounts to 1/6 of a period stop. Moreover, the 
current computation relatively deteriorates. The inclusion of an 
equalizing reactor into the six-phase system with a 0 output increases 
the time of the current flow through the diode by two times, i.e., 
the diode and windings operate for 1/3 of a period, twice as much as 
in the six-phase system without a reactor, which in its turn improves /?' \ 
the current computation. \ 
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Flg.   2.2.  Diagram of  the three-phase half wave TRU with A/A 
transformer. 
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Flg.   2.3.  Diagram of a three-phase full wave TRU with a 
A/A   transformer. 
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Fig.   2.4.  Diagram of a six-phase half wave TRU with a transformer 
/A —1 ^ 

.  J    and an equalizing reactor.  Key:   1.  reactor. 
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The equalizing reactor with a mean output  Is cut In between 

the 0 points of stars Oj  and 02»  and  fulfills  the function of a 
negative pole of the load circuit;  the rectifiers serve as the 
positive pole.  The solid lines are used to draw phase voltages 
of one star and the broken lines the phase voltages of the other 
star. The difference of the instantaneous values of the phase 
voltages in the process of their alternation,  characterize the 
alternates of  the shaded areas.  This voltage difference is active 
in two sectors of the reactor connected in series.   If in one of 
them only passes a magnetization current,  required for this.   Due 
to the fact  that  the reactor has a closed steel core,  the value 
of the magnetizing current in it is very small;   It is sufficient for 
a current  In one of the secondary circuits,  passing simultaneously 
also through the section of the equalizing reactor,  to grow by a 
small value   (of  the order  IX of the rated value)  that the reactor 
already produces a voltage U. , which  is equal to the ordinates of 
the shaded areas.  Due to the presence  in the equalizing reactor 
of two sectors,   in which equivalent voltages are  induced, 

"kl ■ »W - 1 uk. 

which have different signs with respect  to the central output,   the 
anodic voltages within the bounds of a  single star decrease by U^j 
and within the  bounds of  the other star,   increase by Uj^. As a 
result, the anodic voltages in the secondary circu'ts, which have 
during this part of  the period the highest value of the phase volt- 
ages, are equalized,  which results  in a parallel work of such cir- 
cuits. 

In the  time  Interval  tj- t2,  re-tresenting 1/6 of the period,   the 
voltage is equalized in the anodic circuits,  which  include windings 
a\b2,  in connection with the fact that  through these windings and 
rectifiers 1 and 4,  currents equal to 1/2 of the rectified currents, 
each are passing.   In the next time  interval,  equal to 1/6 of the 
period,  the voltages are equalized  in anodic circuits, which Include 
windings a^  and C2«   This process of  equalization of voltages and ex- 
change of anodic  current,   takes place  in  the other anodic circuits 
also.   In this case the anodic currents  in each of the stars change 
every 1/3 of the period,  when the voltage  in the next phase becomes 
higher,  than in the preceding one.  The anodic currents with respect 
to both three-phase systems,  change  every l/6th of the period  stop. 

The rectified voltage curve, determined by the bold line passing 
between the anodic phase voltages, participating in the simultaneous 
passage of the current,   consists of three sections  (summits) of 
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sinusoids with  six-fold  recurrence period  stop.  The  mean of  this 
voltage value   is  lower than  in the six-phase system,   operating 
without  an equalizing reactor. 

The  lengths of  the anodic currents during such alternations of 
their conversions   is equal   to  2IT/3,  and  the amplitude of the anodic 
currents is equal  to  1/2.   Both of  these  factors,   the  Increase of 
length and decrease of anodic  current,   are   favorable,   since  they 
bring about a considerable   increase of  the  loading capacity of 
rectifiers and windings. 

THE SIX-PHASE FULL WAVE  RECTIFIER A/A-12,  as  shown  in fig.   2.5, 
/   A-6 

has a rectified current with  2400 pulsations per  second.   I.e.,  cor- 
responding to  the  rectified current of  the three-phase  full period 
recti fier stop. 
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Fig.   2.5.  Diagram of the  six-phase  full  period TRU with a 
A/A-12    transformer. 

A-6 /! 

THE SIX-PHASE  FULL WAVE  RECTIFIERS A/A-12 and \/\-12,  as shown 
A/A-11 /  A-5 

in  fig.   2.6 and  2.7,  produce a rectified current with 4800 pulsations 
per   second,   i.e.,   they have  a  regime equivalent  to  the  12-pha8« 
rectifier.  This  regime  is  reached due to  rectification of the  full 
wave and a shift  of   the  linear voltages of  the secondary  transformers 
by   30°. 
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Due to Che increase of Che pulsation frequency or decrease of 
Chelr amplitude, Che qualiCy of the rectified currenC increases and 
Che dimensions and weighc of Che smooching ouC filCers decreases. 
The system provides for the most complete uCilization of Che iron 
and windings of Che transformer, as a result of which dimensions 
and weight decreases. 

In fig. 2.7 we show the possible diagrams of switching over of 
the primary transfon.ier winding colls, cutting in on the ventilators, 
filters, current concrol, signalization of rectifier and transformer 
overheating. The diagrams shown may be used In any transformer- 
rectifier unit, fully or in part. 

From Che analysis of the above mentioned TRU system it follows, 
that the increase of the quality of the rectified current and de- 
crease of the weight, the other conditions being equal, may be reached 
by means of the most promising systems, presented in fig. 2.4, 2.6, 
and 2.7. 

Let us examine the principal parameters of certain transformer- 
rectifier units. 

THE TRANSFORMER-RECTIFIER UNITS TRU-2.5 (power of 2.5 kw) is 
built according to the/l/A-ll, diagram. The rated load of the unit is 

/A-5 
100 A. The unit consists of a transformer with a primary winding, 
connected into a star, and two secondary windings, which are connected 
into a delta and supply the rectification bridge, consisting of 12 
Silicon diodes. With respect to direct current, the bridge is con- 
nected in parallel. Three stages of automatic switching of the number 
of coils in the primary winding of the transformer are provided for 
with the change of the input voltage. The precision of stabilization 
of the rectified voltage Is equal to + 6.6Z, the efficiency equals 
0.8, Che weight 4.6 kg, relative point 1.8 kg/kw, cos ty  - 0.95. A fan 
is used to cool the rectifier. 

THE TRANSFORMER-RECTIFIER UNIT TRU-3 (capacity 3 kw) is made ac- 
cording to the diagram in fig. 2.7. The rated load of the unit is 
110 A. During the normal work, the unit is calculated for change in the 
frequency at the input, within the range of 380-420 cps. In emergency 
cases, upon damage to the frequency regulator, the unit pennies a 
change in Che frequeucy at Che input within a range of 360-800 cps. 
The unit consists of a transformer with a primary winding, connected 
to a star, and two secondary windings, connected into a star and a 
delta. The secondary windings supply the rectification bridge, con- 
sisting of 12 Silicon diodes. With respect to the direct-current, the 
bridge is connected in parallel. 
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Fig.  2.6.    Diagram of a  six-phase full wave TRU with transformer 
A A-12;  A/A-ll. 

A-tf 

Fig.   2.7.     Diagram of a  six-phase  full wave TRU with  transformer 
A/A-12. 

A-5 

The unit provides at the output a voltage of 29 v with a load 
of 10 A and 25.3 v with a load of 100 A with an input d-c voltage 
of 204 and 196 v, respectively. With the rated input a-c voltage 
of 200 v, the unit provides an Input voltage of 28.A v with a cur- 
rent of 10 A and 26.2 v with a current of 100 A. In this way the 
voltage fluctuation in this case is 2.2 v. 

The unit also provides for the protection of the rectifier and 
transformer against overheating, by means of thermal switches. The 
thermal switches of the rectifier operate at ■ temperature of ISO'C, 
and that of the transformer at 200*C. The thermal switches are 
connected in parallel and close the circuit of the signal lamp. When 
the temperature of the rectifiers'and transformers' heat drops to 
125 and 170*C respectively, the contacts of the thermal switches 
open and the signal lamp goes out. At the d-c output there is a 
shunt for an ampere-meter. 

The transformer of the unit consists of a single three-phase 
E-form core and windings made of aluminum. 30-A Silicon diodes are 
mounted on the cooling ribs, which are insulated from the unit body. 
When the unit is installed on the aircraft it is assumed that it will 
be aircooled. 
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The unit permits a 2 minute overload with a current of 150 A 

and a voltage of 25.5 v during every 15 minutes of the work under 
the rated load. 

THE TRU-6 TRANSFORMER-RECTIFIER UNIT (power 6 kw) is built 
according to the diagram in fig. 2.5. The rated load of the unit is 
200 A. The unit consists of a transformer with a primary and two 
secondary windings, connected into a star. The secondary windings 
supply the rectifier bridge, which consists of 12 Silicon diodes. 
With respect to direct-current, the bridge is connected in parallel. 

The unit contains a thermal switch, operating at 120oC protect- 
ing the rectifier and transformer against overheating. 

The range of the output voltage is 26.5-32.5 v. The stabilization 
precision of the output voltage is + 10%, efficiency equals 0.8, 
weight 8.75 kg, relative weight 1.4 kg/kw, cos ^ - 0.98. 

4.  Separate Work of the Transformer-Rectifier Units (TRU). 

The transformer-rectifier unit obtains its power supply from 
the main a-c power system, its input voltage depends on the precision 
of the voltage regulator's work of the principal d-c system, and 
also on the power of the simultaneously connected consumers, which 
are supplied from the busbars. 

With an invariable voltage of the TRU feed, the value of the 
a-c output voltage depends only on the value of the load. 

In fig. 2.8 we show the load characteristics of the TRU with 
different values of the input voltage. From these characteristics 
we can see that the change of the input voltage does not affect the 
permissible value of the current, and each rectifier may be loaded 
with the rated current, i.e., it can have the maximum utilization 
factor, equal to 1. 

In order to increase the stability of the output d-c voltage, 
the non-regulated TRU unit should be supplied with power from the 
rimarv distributing a-c busbars, when the voltage has a minimum 

cf fluctuations within the limits of tolerance of the main systems 
voltage regulator. 

Let us examine the line with a concentrated load at the end, 
supplied from the rectifier, which has a constant a-c voltage at the 
input. In this case the voltage at the input changes only propor- 
tionally to the load current. 

The voltage oscillations at the consumers' terminals AU- should 
not exceed the permissible valae AUnpep which under normal conditions, 

- 385 - 

A 

O 



is determined by the value of + 10% of the rated value: 

AUTT ^TTmax  ^TTmin AU 
O 

iTper' 

The maximum value at the consumers' end UKmax is possible 

only with the maximum input a-c voltage, and the minimum U^^n 

only with the minimum input voltage. 

The initial sector of the load current characteristics of the 
rectifier has a very complex variation flow, but this may be 
avoided by cutting in an insignificant load. In practical calculations 
the initial sector of the characteristic is excluded by linear 
decision of the entire characteristic, as it is shown in fig. 2.8. 
Then the idling voltage of the rectifiers may be conventionally 
moved with respect to the points with prime signs into points without 
prime signs, located on line mn. The values of the output idling 
voltages of the rectifier, obtained in this case, should be used in 
calculation of the voltage drop in the power line, with a concen- 
trated load at the end of the line. 

mm 1 ..- . 
f 

T 

3o*a6ssMoa*cto uiMftHu» ttenpmmtuuß 
uC m/itHMBt nomtftumtßfil 6 jatuKMOtvmi 

"-A« 

Fig. 2.8. Load characteristic of the TRU with different values of 
the input voltage. 

Key: 1. zone of a possible voltage change at the con- 
sumer's terminals in relation to the input voltage; 2. 

^min^rated» "*• minimum required load. 
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The permissible voltage drop in the power line TRU, to the con- 

centrated load at the end of the line should be calculated, passing 
from the conditions of the minimum input voltage to the rectifier, 
caused by the minimum input a-c voltage (point 3). 

From the rectifiers' load characteristics, it follows, that the 
value of the voltage drops AUfeh and AUC at the resistances of 

rectifier rbh and powerline rc, change proportionally to the load and 
reach their maximum value with its rated magnitude. 

In order to obtain greater voltage stability at the consumers 
terminals, the load will be distributed in such a way, that during 
cruising flight speed it would have an optimum and constant value. 

5.  Specific Features of the Parallel Work of the Transformer- 
Rectifier Units (TRU). 

Transformer-rectifier units (TRU) may be made in two variations: 
with a system of initial voltage regulation, which maintains the 
voltage at the rectifier's input constant, and without a regulation 
system, where the output voltage changes depending on the value of 
the load and power supply voltage. 

The use of the regulation system stabilizes the output voltage 
and assures the most uniform current distribution between the TRU. 
However, this is connected with the introduction of auxiliary auto- 
mation elements, complication of the transformers design, which brings 
about i decrease of the reliability and a considerable increase in 
the unin's weight. 

The units with nonre^ulated voltage have the simplest design, 
the lowest weight and dimensions and a high rellabilltv. With rational 
distribution and optlp<um feed voltage parameters, the TRU's used 
can assure normal voltage at the consumers' terminals. TRU's without 
a regulation system have practical application on aircraft. 

The rationality of using TRU's without an input voltage regulation 
system or with it, depends on the relative weight. 

If the relative weight of the TRU with a regulation system Is 
greater than the relative weight of the nonreguljted unit, then the 
latter should be used under the conditions that it assures a satis- 
factory energy quality. 

The relative weight of a TRU without a regulation system depends 
on a number of units operating in parallel and is determined by the 
following formula: 
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[kg/kw]. 

where G  -  is the weight of the unit in kg; 
n  -  is the number of units; 

Iper -  is the total permissible current in A; , 

Uratedt Irated ~ are the rated voltage in v and current of the 
unit in A; 

Ku  -  is the utilization factor. 

The relative weight of a TRU with a regulation system does not 
depend on the number of parallel operating units, and is equal to: 

[kg/kw]. 

The nature of coincidence of characteristics of TRU operating in 
parallel affects substantially the uniformity of the load and dis- 
tribution between them. 

Let us exauine the work of transformer-rectifier units without 
an input voltage regulation system. 

SPECIFIC FEATURES OF DETERMINATION OF THF. QUANTITY AND POWER OF 
TRU. The method of determination of the quantity and total power of 
TRU's operating in parallel especially for a spread out load, dif- 
fers somewhat from the method used in a d-c power system with gen- 
erators working in parallel. 

In a power system with d-c generators, the quantitative dis- 
tribution of the total load current of the busbars of the distribut- 
ing devices has practically no effect on the uniformity of KlMif 
generators' load; it is necessary only that the total load of the 
consumers will not exceed the total load of the sources taking into 
account the non-uniformity coefficient. 

In a power system with TRU's oper.it in»., in parallel, in determ- 
ining th* total permissible load of the consumers, it is necessary 
to take into account only the total power of the TRU's operating in 
parallel, for the common power system, but also their quantity, 
places of connection, and distribution of the consumers' loads over 
the distributing device's busbars. In order to exclude the possibility 
of overloading the TRU's, it is necessary to plot for each one of 
them individual load schedules for normal and emergency operating 
conditions, taking into account the ratio of the load changes on the 
busbars. 
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During operation we may encounter different cases of loading 

of distributing device busbars and rectifying units respectively. 

In the process of the checking on the ground and tune-up of 
the equipment, and daylight flights under uncomplicated meteoro- 
logical conditions, the load on the rectifiers will not reach their 
maximum permissible value, but during night-flights in complicated 
meteorological conditions, the load on the sources Increases sub- 
stantially, however, it should not reach the maximum permissible 
value. 

In order to assure uninterrupted power supply to consumers, the 
d-c power system should be calculated, taking into account the pos- 
sibility of individual TRU's going out of commission, i.e., it 
should have a reserve number of units, operating under a normal 
regime with an underload. 

In planning the d-c power systems with generator, a 75-100Z re- 
serve of the number of generators and the corresponding total power 
is given. In power systems with TRU's the reservation with respect 
to quantity and power may be decreased to 50-252, since the rectifiers 
being static elements, possess a higher reliability than electrical 
machines. 

If the total quantity of TRU's operating in parallel is assumed 
to be equal to n, then the power available should be estimated with 
an allowance for the possible goin^ out of commission of any unit, 
i.e, by n-1. The power of the secondary d-c power systems amounts to 
not more than 5-10Z of the entire electric energy power consumed on 
aircraft, therefore, in this power system, not more than four TRU's 
are operating In parallel. 

In power systems with generators, the voltage at their terminals 
Is maintained constant with an optimum regulation precision. In ac- 
cordance with the regulation accuracy, we determine the cross-section 
of the feed conductors and the voltage drop in them. 

In power systems with TRU without voltage regulation the problem 
of calculation of the feed conductor cross-section and the voltage 
drop In them Is rendered considerably more complicated, because of 
the non-linearity of the load characteristic, the non-unlformlty of 
the input voltages, non-equality of the load, per each plug, which 
In Its turn Increases the Imbalance of the source of voltages and 
loads up the feed power system with additional equalization currents. 
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6.  Parallel Work of TRU for a Concentrated Load. 

Parallel work of TRU for a concentrated load is analogous to the 
work of the primary d-c power system with centralized electric 
power distribution. However, TRU with non-regulated input voltage 
have certain specific features. Let us examine the parallel work of 
two TRU for a concentrated load, the diagram of which is presented 
in fig. 2.9. The distribution of the current for the two TRU's work- 
ing in parallel, depending on the input voltage, is shown in fig. 
2.10. As we can see from the curves with equal voltage, the TRU are 
loaded uniformly and their total maximum permissible current is 
equal to twice the rated current. 

o 

■I 11 

iv> m LB» 

r       /*** —T.  •   / 
/ 

Fig. 2.9. Parallel work of 
two TRU for a concen- 
trated load. 
Key: 1. load. 

Fig. 2.10. Current distribution 
between TRU in relation to 
the input voltage. 

With different feed voltage the total permissible load current 
decreases in proportion to the difference in the input voltages, and 
should not exceed the maximum permissible value l;max < 'per* In this 

case the TRU having the maximum feed voltage, is loaded with the 
rated current, and the second TRU takes upon itself the remaining 
load. 

^er ■ ^ated* 

With the decrease of the input voltage difference, the uniformity 
of the TRU load grows and the total permissible load current increases, 
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The slope of the reduced load characteristic of the TRU is 

affected by the feeders' resistance. If the feeder resistances are 
equal, they have no effect on the uniformity of current distrib- 
ution in pcrallel work of TRU. If however, the feeder resistances 
are different, then their effect on the current distributions' uni- 
formity should be taken into account, in aviation practice, the 
source feeders, as a rule, are made symmetrical and therefore, the 
slope of their characteristics is equal. Such characteristics are 
examined in the future. 

The effectiveness of the use of TRU operating in parallel is 
characterized by the utilization factor, which is determined by the 
ratio between the permissible current load and the total rated cur- 
rent of the TRU operating in parallel: 

Ku ber 

t ^ated 

For the parallel work of TRU the utilization factor is determined 
as 

•••v". ' ' f  •    * » ' '-••'•■' 

With parallel work of several TRU the total permissible load cur- 
rent changes in relation to the difference between feed voltages. 
The greater the number of the TRU which have a minimum feed voltage, 
the smaller is the total permissible load current, which reaches its 
minimum value In feeding one TRU with a maximum pressure and the other 
with a minimum. 

Tht total permissible load current, depending on the quantity of 
TRU operating in parallel Is determined as follows: 

for two l2p«r " Ilrst«d ■♦■ l2l 

for three l3p€r - Iirated ♦ 2l2: 

for    nln ptr - Iirated + (n - 1) I2. 

With the increase of the number of TRU operating in parallel and 
the feed voltage, it is balanced, the utilization effect decreases. 
To increase Ky we should strive to decrease the feed voltage's ire- 
balance of the units. \ 
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7.  Parallel Work of TRU for a Spread-Out Load. 

The parallel work of TRU for a spread-out load is analogous to 
the parallel work of d-c generators, connected to spread-out dis- 
tributing devices. However, TRU with nor-regulated input voltage 
have a certain specific feature in current distribution between the 
units. 

Let us examine the parallel work of two TRU for a spread-out 
load presented in fig. 2.11. Let us assume that the feed voltage for 
TRU} is higher than that of TRU2- The maximum permissible loads de- 
pend on the character of their connections. Two characteristic cases, 
of load connections are possible: 

I)   IA * 0; Ib - 0;       2)   IA ^0; Ib ^ 0. 

Fig. 2.11 Diagram of the parallel work of TRU for 
a spread-out load. 

1. From the curve (fig. 2.12) it follows that the maximum per- 
missible current of the load connected to point A, depends on the 
value of resistance R, connected between point A and b. If R - 0, 
then Id A0 " Ii A0 + 1/ A0» wbich corresponds to the maximum per- 

missible concentrated load Ij Q per two TRU connected in parallel. 

With R>0; Id A " ^ A + I2 A • ln thl* c*se ^ A * ^ 0* Thl8 de~ 

crease of the permissible load of the current is explained by the 
work of TRLT for a load through resistance R. With the increase of 
resistance R, the permissible current is decreased through decrease 

of current TRU2 and with R ■ " Ij A " ^l rated- 

2. If in the presence of resistance R the loads are connected 
to points A and B, the total permissible load current also decreases 
with respect to Ij Q,  proportionally to the increase of the equal- 

izing current between these points: 

ld  AB " ^A * I2A ♦ ^B- 
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With the corresponding load distributions at points A and B, 

the absence of the equalizing current is possible. In this case 
each TRU operates for its own load, and the total permissible cur- 
rent reaches its maximum value I4 Q. 

From the examination of the curve It follows, that if we permit 
the load at the busbar closest to the TRUj equal to its rated cur- 
rent, then the second load will be strictly a specific value, and 
their total value must not exceed the permissible curve. 

The diagram of the parallel work of TRU for a spread-out load 
represents a line with a two-sided power supply, in which Che cur- 
rents yielded by the rectifying units, are determined by the follow- 
ing expressions: 

•.:: • i •:•■'• ,  ••     ill 

1 "r. + o + A^  f. + O + A  .jj 

where Ui and U?  - are voltages of the TRU with the minimum required 
load (ca. 0.1 Irated): 

rl " rlf "*■ rl in «"^ r? " r2f ■*" r2in " •r• 'h8 total resistances of 

TRU circuit, including its internal resistance rin 

and the external circuit resistance tf  up to the 
nearest load. 

'   >•• 1 

\ 
Fiff.2.17. Load distribution between TRU operating In parallel. 
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The first component in the expressions for current Ij and I2 
represents an equalizing current in the line, caused oy the in- 
equality of the rectifier voltages Uj and U2. 

From the formulas it follows, that even with Uj ■ U2 the load 
rectifiers are loaded non-uniformly and the loads are equalized only 
with ri ■ r2 and IA ■ Iß. In this case the current in resistor R is 
absent. 

In this way, as it is the way for the concentrated load, the 
maximum permissible current of two TRU connected in parallel takes 
place in the absence of a current througn resistance R of the con- 
nection between the rectifiers. 

With parallel work of several transformer-rectifier units for a 
spread out load and in the absence of equalization currents, the 
utilization factor has the same value as in the parallel work of TRU 
for a concentrated load. 

8.  Secondary D-C Power System with Separate Work of TRU. 

In fig. 2.13 we present a secondary d-c power system with a volt- 
age of 27 v with separate work of transformer-rectifier units (TRU). 
In the system examined, the energy sources are: three TRU, however, 
the quantity and pover of the rectifiers should be selected in re- 
lationship to the requirements for d-c energy and the specific fe- 
atures of the aircraft. 

During normal work the power system consists of three self- 
contained systems with an independent energy source in each. In this 
case the rated power may be drawn from each rectifying unit. 

During normal work, the transformer-rectifier units are cal- 
culated for frequency variation at the output, within the limits of 
380-420 cps. However, in emergency cases, during damage to the fre- 
quency regulator, the units permit a frequency variation at the out- 
put with a limit of 360-800 cps, for which the system provides a 
switch-over of the feed of these units directly into the a-c gener- 
ator's terminals. During normal work of the power system, each 
rectifier operates for its own distributing busbars: TRUi for bus- 
bar IA, TKU  for busbars 2A and 2B, and TRU3 for busbar 3A. 

Unit 2 is the principal one, because it supplies the emergency 
busbar to 2B, to which the vitally important power consumers are 
connected. The battery is connected in parallel with unit 2 and dir- 
ectly to emergency busbar. In the circuit of unit 2 a blocking diode 
is installed, which permits power supply to busbar 2A and emergency 
2B from units 1 and 3, but does not permit power supply to busbars 
IA and 3A from unit 2. 
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Fig. 2.13. Diagram of a secondary d-c power system with 
separate work of TRU. 

Key: 1. main TRU?, 

The feeder of each TRU, a reverse current relay PQ is Installed, 
which, in case of short circuit at the output site of the unit. Is 
connected from a power system. The reverse current relay PQ.« ^8 

provided also in the storage battery feeder line, which upon a short- 
circuit at the output or inside the battery, disconnects it from the 
power system. 

The system provides for a parallel work of units 1 and 3, which 
are connected for these operations with conductors Kj] j and Kf]3. In 
this case their total permissible load during prolonged operating 
conditions amounts to 1.6 Iraced- 

When any unit goes out of commission, all the busbars receive 
power supply from the remaining two units. 

The emergency d-c feed is provided upon the failure of all the 
a-c generators. As the energy source the storage battery is used. 
The quantity and capacity of the storage battery is In each specific 
case is determined by the power of the consumers and the conditions 
of their operation. 

Upon failure of all the a-c generators, the storage battery sup- 
plies feed for communications, navigational instruments, lighting of 
the pilot's Instrument panel, stand-by lighting and static convertor, 
which in its turn provides feed for emergency instruments, durln'*, 
the time required for completion of the flight. A 
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Under ground conditions, the battery may be charged from the 
emergency feed unit of the airfield a-c feed source through a trans- 
former-rectifying unit. 

For ground feed of d-c consumers from the airfield source, (I 
there is the connection rose with automatic devices, which excludes 
the possibility of parallel work of airfield energy sources and the 
aircraft energy sources. 

Advantages. 1. The utilization coefficient of the TRU may reach 
a unit, that is, the rectifier may be loaded for a long time with 
the rated current power. 

2. Uninterrupted feed with high quality energy is provided for 
one of the duplicating consumers upon damage in the system of the TRU. 

Short-Comings. When any TRU t^oes out of commission (1 or 3) its 
busbar is temporarily deprivejd of current, and in this case it is 
possible to connect it to the remaining rectifier. 

In addition to the above stated secondary system, other auxiliary 
d-c systems are provided with low power full wave rectifiers, which 
convert alternating iilngle-phase current with 115 v voltage into d-c 
energy. Such a type of energy, for example, in passenger aircraft, 
is delivered to the plug-roses of the restroom and the crew's cabins 
for utility purposes. 

The auxiliary systems may be used also in any secondary d c systems 
examined below. 

9.  Secondary D-C Power System with Separate Work and Reservation 
of Rectifying Units. 

The entire d-c 27 v power system is divided into two independent 
systems, which under normal conditions operate in complete isolation 
from one another. The diagram of the power system is given in fig. 
2.14. 

The energy sources in each system are one main transformer-recti- 
fying unit (TRU). 

The rectifiers receive their energy supply from the main dis- 
tributing busbars of the a-c generators and deliver a direct-current 
to the corresponding main distributing busbars A. Two busbars A, by 
means of a conductor, a storage battery with its own busbar C, is 
connected. In this case the rectifier and the battery work in parallel, 
which reduces the pulsation amplitude of the rectifying current, and 
removes the peaks of the load, originating when the consumers are con- 
nected. 

- 396 - 

O 



From busbar A, the energy is delivered directly to certain con- 
sumers, and the secondary distributing busbars, as well as through 
the conductor to the auxiliary busbars B, which when necessary may 
be disconnected, for example, when we convert the feed of the 
primary d-c power system from the emergency turbine generator. 

Each system has its own main switch of the feed sources with 3 
pcsltlons "on", "off", and "battery isolated". Under normal working 
conditions, these switches are in the "on" position. When the main 
reserve TRU fails, the switch is set up in the "battery isolated" 
position. The battery in this case supplies only the vitally im- 
portant consumers, connected to busbar C. 

When the TRU fails, a signal lamp lights up, the circuit of which 
is closed by means of the d-c voltage relay, which reacts to the 
voltage drop of the battery voltage, as 24 v or less. 

The reserve transformer-rectifying unit is intended for supplying 
any system, when the principal TRU falls and there, accordingly is 
cut in manually, a switch and contactor. Under normal operating con- 
ditions, the input and output channels of the unit are turned-of f. 

Hg. 2.1A. Diagram of a d-c power system with separate work and 
reservation of the rectifying units. 

Key: 1. busbars, A - main, B - auxiliary, C - emer- 
gency, D - reserve; 2. reserve. 
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Under the conditions of the emergency turbine generator work, 
the a-c feed is delivered only with the reserve TRU. The main TRU 
in this case are deprived of current, the B-busbars are discon- 
nected, and the batteries supply their own busbars A and C. The 
reserve TRU may be switched over to parallel work with the batteries 
of any system. 

O 

Under ground conditions the need for direct-current is  met 
through connection of the ground a-c source and setting of the main 
d-c switches in the "on" position, assuring the turning on ot the 
main TRU. 

10.  Secondary D-C Power System with Parallel Work of the TRU. 

In fig. 2.13 we present a diagram of the secondary d-c power 
system with a voltage of 27 v and a parallel work of 4 transformer- 
rectifier units (TRU). 

The rectifying unit TRUi is the main one, and operates only for 
its own busbars. Units TRU, , TRU3 and TKi',. also operate for their 
own busbars, magnetic cut-in for parallel work to a synchronizing 
busbar. These rectifiers through a blocking diode D supply feed to 
the TRU], which is especially important if the latter fails. 

In the outputcircuits of each unit, reverse current relays ai ■ 
installed, which exclude the passage of energy from open units in 
good order into the constant field. 

Each units is supplied with power in accordance with the gener- 
ator's a-c busbars. The main unit 1 may receive its feed directly 
from the terminals of any generator or the airfield source. This 
switch-over is carried out by special switches. 

In the d-c system a storage battery is provided, which may be 
charged from the main unit 1 or an ampere field source, if its swi'.ch 
is turned on. 

When all the TRU fail, the battery supplies power to the main bus- 
bar, providing a-c energy to certain principal consumers, required 
for control functions. 

■ 

The diagram shows that the main d-c busbar may receive energy from 
any source: the 4 rectifiers and the battery. From the main busbar, 
feed is received by the main instrument busbars and the main radio 
busbar, which may be disconnected manually or automatically from the 
main busbar, when the rectifying units fail, eliminating the discharge 
of the battery to the radio consumers. 
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From the TRU3 the Instrument busbar and radio busbar are re- 
reiving their feed, the latter when necessary may have to be 
turned off. 

The work of the a-c power system is controlled by the volt- 
and ampere-meter, which are connected .n series to the busbars 
of the TRU and the battery. 

The simplified diagram of the control is presented in fig. 
2.16. The principal merit of this system is the reduction of a 
number of instruments, while the inclusion of the ampere-meter 
shunts to the minus circuit, excludes the necessity of using pro- 
tective devices. 

Advantages. 1. It assures the parallel work of the rectifying 
units. 

2. It has a smaller number of fuses. 
3. The switch-over of power conductors is almost absent. 
4. When there is a short-circuit in the rectifiers' feeder line, 

only the rectifier with the damaged feeder line is disconnected 
automatically. 

5. During a short-circuit on the busbar, only the damaged bus- 
bar and those directly connected with it are taken out of commission. 

6. It is convenient for servicing and operation in view of the 
concentrated arrangement of the equipment. 

Short-ccmlngs. 1. Presence of busbars connected in series, 
which reduces their reliability. 

2. Concentrated arrangement of equipment and distributing bus- 
bars increases the possibility of putting the entire power system 
out of commission. 

11.  Secondary D-C Power System with Parallel Work of the TRU 
in in Angular Diagram. 

ä secondary d-c power system with a voltage of 27 v with paral- 
lel work of the TRU and an angular system of power system lines is 
presented in fig. 2.17. 

The energy sources are four transformer-rectifier units. 

The distributing d-c systems are located in places of concentration 
of the consumers, while the rectifier units are in the direct proximity 
from them, which makes it possible to raise the reliability with the 
minimum weight of the power supply system. 
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Fig. 2.15.  Diagram of the d-c power system with parallel work of 
the TRU. 

Key: 1. main, 2. arapere-meter, 3. off, 4. manual 
connection, 5. main instrument busbar, 6. main radio 
busbar, 7. instrument busbar, 8. synchronization bus- 
bar, 9. voltmeter, 10. main feed fault relay. 

Each TRU is supplied with power from the main busbar and the cor- 
responding a-c generator. In the output circuits of the unit, re- 
verse current relays are installed. 

The rectifying units work in parallel for 9 two-channel electric 
power ring with a bilateral protection of the power supply lines. 

With the normal distribution of the load over the busbars, each 
rectifier operates for Its own central distributing system (CDS) 
busbar and the connecting conductors between the central distributing 
system flows an Insignificant equalization current, the value of which 
Increases only upon the failure of any one unit. Therefore, the con- 
necting wires have a small cross-section, which however. Is sufficient 
for maintaining a satisfactory voltage en  the busbar of the rectifier 
which has gone out of commission. 
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Fig. 2.16. Simplified circuit dlagror. of the d-c power 
system control. 

Key: 1. on, 2. off, 3. storage battery off, 
4. storage battery. 

The secondary distributing devices arc suppliec over a four- 
channel angular system with a two-sided protection of the conductors. 

The angular multi-channel power supply system of the secondary 
d-c power system, with parallel work of the rectlfierc and the two- 
sided protection of the feeder lines has a higher reliability and 
vitality, in comparison with the other diagrams of the power supply 
system. 

Advantages. 1. When any source of energy goes out of commission, 
all the consumers receive a normal power supply through the ring 
system oi the power lines. 

2. With a symmetrical distribution of their load over the bus- 
bars under the normal operating conditions, the equalizing current 
in the connecting wires is absent. 

3. With a short-circuit in any feed l<ne the two-sided pro- 
tection operates selectively, while the sector of the line with the 
short-circuit is disconnected from the power system. The consumers 
receive an energy of practically the same quality. 
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Fig. 2.17. Angular diagram of the d-c power system with 
parallel work of rectifies. 

Key: 1. A and B - nomal busbars, 2. B - 
emergency busbar. 

4. Upon the break of any wire, the power supply to consuuers 
la not disrupted. 

5. Upon a short-circuit on any busbar, the protection In the 
system operates, and the busbar Is Isolated from the power system. 
In this case, only the consumers connected to this busbar are de- 
prived of current. 

The angular, multi-channel protected power supply system practlcall; 
retalns Its vitality up to the last source of energy with multiple 
short-circuits and breaks of the feed line. 

In the power system, four storage batteries are provided, which 
are connected respectively In parallel with each rectifying unit. 
Under normal flight conditions, the batteries are charged and re- 
move the load peaks when the consumers with large starting currents 
are turned on. 

When all the TRU go out of commission, the batteries provide the 
energy to their own distributing busbars, from which especially Im- 
portant consumers required for control and piloting functions re- 
ceive their power supply. 

On the ground, when there Is no aircraft source of power supply, 
the batteries are used for starting the turbine alr-ccndltlonlng 
unit and supplying other consumers. 
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The work of the power system is controlled by means of a volt 

and an ampere-meter, connected in series by means of the switch 
to the energy sources and distributing busbars. The simplified cir- 
cuit diagram of the control is analogous to the one examined above. 

The power rings are provided with conductors K^ and K,, divid- 
ing the power system into two independent self-contained systems 
during take-off and landing and during other important flight con- 
ditions, for an entirely self-contained feed of the duplicated chan- 
nels of the consumers. 

»  » 

Section VII.  Aircraft Power Supply Systems. 

Chapter I.   General Information on Power Supply Svstcus. 

1.   Connection Diagrams of the Main Distributing Busbars. 

In fig. 1.1. ve present the typical connection diagrams of four 
enerv  sources and main distributing busbars. The choice of the 
number of energy sources and nu.in distributing busbars, depends on 
the t>pe and purpose of the aircraft. 
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Fig. 1.1. Principal connection diagrams of energy sources and main 

distributing busbars: 1 - separate; 2 - centralized; 3 - 
centralized with disconnections; 4 - group; 5, 6, 7 - 
centralized with switching over to groups; 8 - angular; 
9 - with reservations.  Key: 1. energy sources, 2. main 
distributing busbars. 
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With four energy sources, all Che electrical load on an air- 
craft Is divided into four groups in such a way, that the aircraft 
would be able to continue its flight safety when any of the main 
busbars would fail. In planning the power systems, we should take 
all the necessary measures with respect to diagrams, design, and 
operation, so that the main busbar would not go out of commission. 
In any case, the failure of one of the busbars (as the result of 
short-circuit or other damage) should not disrupt the normal work 
of the others. In case of failure of the main busbar, the consumers 
directly connected to this busbar lose their power supply. However, 
the quantity of such consumers may be reduced to a very small 
number, several times smaller than 0.2S of all the consumers. This 
is reached by using the angular system for feeding the secondary 
distributing busbars. 

The conductors connecting the generators with the busbars and 
'.he busbars with one another may be made with or without protection. 
Rapid and selective protection improves substantially the reliability 
and safety of rhe  system during short-circuits. 

If a selective protection system is installed, then during a 
short-circuit at any of the main busbars, only this busbar goes out 
of commission, if the protection is absent, however, one group or the 
entire power goes out of order. Dir^ram #2, is the most vulnerable 
in both cases. 

Upon a short-circuit in the power line, the latter may be dis- 
connected from the power system if it has a selective protection system. 
In the absence of protection, the system goer, out of commission. 

When any energy source or its feeder line goes out of commission, 
not in all the diagrams and not in all the combinations of failures, 
is the power supply to the main busbars provided. In diagram #1, one 
busbar is deprived of current. In diagrams 4, 5, f  and 9, the 
utilization factor of the sources may be permitted by not more than 
0.5. In diagrams S and 6, the utilization factor may be increased from 
0.5 to 0.67, by turning on the conductor K. In diagrams 2, 3, 7, and 
8, the utilization factor amounts to 0.75. 

The connection diagrams of the energy sources and main distributing 
busbars presented, are applicable for both the primary and secondary 
d-c and a-c power systems. Their merits and short-comings and the 
rationality of their use under specific conditions are examined in the 
subsequent sections. 
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2.  Principal Power Supply Systems. 

Today, three main power supply systems have become widely used: 
a-c 27 v, three-phase a-c 200 v, with variable frequency, and three- 
phase a-c 200 v with constant frequency. 

The use of one system of power supply over another is accom- 
panied by the presence of the corresponding primary and secondary 
power systems. Let us examine their principal features and prospects 
of application. 

The d-c 27 v system is one of the most widely used in the world 
and is used variably in all types of aircraft. The system is especi- 
ally convenient for use in aircraft, where the required power does 
not exceed 9-12 kw per engine. The increase of power and length of 
power supply system results in a sharp increase of the cross-section 
and weight of the wires, therefore, the systems are continued to be 
used in light civil and transport airplanes with a small flight range. 

Mt 
» „ j      

3~3il 

Fig. 1.2.  Power supply diagram in a d-c 27 v system. 

A typical diagram of the 27 v d-c system is shown in fig. 1.2. 
It consists of generators with direct drive from the engine. The 
generators, through their individual control and protective devices 
(CPD) are connected with the main dlLt^buting busbars A, which may 
be Joined between one another with conductors for individual groups 
or centralized systems. The busbar A may be single, whereas the system 
becomes centralized. The emergency busbar C under normal conditions 
is supplied from the main busbar, and under emergency conditions and 
during idling engines on the ground from the battery. The stabilized- 
frequency a-c consumers are supplied from the convertors of the sec- 
ondary sources of the no and HI type, and under emergency conditions 
from emergency convertors no and IIT, which receive their power from 
the battery-busbar. 
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To supply Che consumers which do not require a constant fre- 
quency, It Is rational to have an auxiliary primary power system 
with three-phase a-c generators driven by the aircraft engine. On 
aircraft with turbo-prop engines, the current frequency fluctuates 
within the limits of + 52, which Is quite permissible for supply- 
ing the majority of the equipment. In this case the capacity of the 
converters decreases substantially. 

A 112 v D-C SYSTEM Is given In fig. 1.3. 

For the purpose of safety for Its operation and using of the 
low voltage units. It becomes necessary to create a secondary d-c 
27 v system, which receives Its power supply from the main system 
through rotating convertors. The stable-frequency a-c consumers, 
receive their power supply from convertors of the 110 and IIT type. 

o 

!' • f  • i .' 
1   ■   ■■     :  •■■    !, .    y. 

Fig. 1.3.  Power supply diagram in a 112 v d-c system. 

In case the engines or the generators driven by them go out of 
commission, the high- and low-voltage system has storage batteries 
and the corresponding emergency busbars. 

The 112 v d-c system, probably will not become widely popular in 
the future aircraft in connection with the necessity of additional 
energy conversion and appearance of a 200 a-c volt-system. 

THE SYSTEM OF A THREE-PHASE 200 v, A-C CURRENT WITH A VARIABLE 
FREQUENCY (300-900 cps) is being used in the aircraft where an ap- 
preciable part of the power consumed, is used up for heating loads, 
de-icing devices, utility equipment, lighting and others, which are 
indifferent to the type of current and frequency. 

The typical diagram of the 200 v a-c frequency system is given 
in fig. 1.4. The a-c generators are driven directly by the aircraft 
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engines. The frequency practically fluctuates in the range between 
250-500 cps. The principal part of the power generated is used in 
the fon of alternating-current with an unstable frequency directly 
from busbars T. 

In order to supply the 27 v d-c consumers, transformer-rectifier 
units (TRU) are used which convert the a-c into d-c and deliver it 
to the busbars A. 

To supply the a-c constant frequency consumers, convertors IIT 
and 110 are used, which deliver the energy to busbars D and E re- 
spectively. 

Fig. 1.4.  Power supply diagram in the 200 v a-c system 
with unstable frequency. 

Under emergency conditions, the a-c energy source is the storage 
battery, which supplies directly the low voltage emergency consumers, 
including the emergency convertors no and IIT. 

Since the dimensions and weight of the generator are in inverse 
proportion to the rate of revolutions, these systems become heavy upon 
an increase of the aircraft engines' speed range. 

The speed or frequency range does not only determine the weight 
of the a-c generator, but also exercises a serious influence on the 
dimensions, weight, and operating characteristics of transformers and 
a-c motors connected with the system. The increase of the velocity 
range results in a further increase of the weight of the system, how- 
ever, the simplicity inherent in the system makes it useful in places 
where the majority of electric energy is used for heating, lighting, 
and is converted into direct-current. 

In as much as it is improbable that in future aircraft with high- 
pressure turbines, the booster control systems will be used, as well 
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as very high quality automatic pilot- and navigational systems, the 
unstable frequency system will be first to be selected among the 
systems for an aircraft of this type. 

A SYSTEM WITH THREE-PHASE A-C AND A VOLTAGE OF 200 v AND A 
STABLE FREQUENCY OF 400 cps + 5%  Is quite feasible with turbo-prop 
aircraft engines. In this case the generators have a mechanical drive, 
directly from the aircraft engine and may work only Individually. 

A typical diagram of such an a-c system Is presented In fig. 
1.5. The principal part of the energy (90-95%) Is used In the form 
of alternating-current, since the frequency with a tolerance of + 5% 
Is practically satisfactory for almost all the alternating-current 
consumers. 
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Fig. 1.5. Diagram of power supply In an a-c 200 v system, 
with a frequency of 400 cps + 5%. 

Key: 1. emergency. 

A part of the energy (about 5-10%) Is converted into 27 v d-c 
by means of transformer-rectifier units TRU. The low voltage direct 
current is used for supplying a large number of low power consumers 
which in principle require direct current. 

A certain part of the d-c energy (3-5%) by means of IIT convertors 
is converted into a-c three-phase constant frequency 400 cps + 2% 
current with a voltage of 36 v, and is used for supplying piloting- 
navlgational equipment. 
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However, with the development of static frequency converters 
SC, their application in this system will be the most rational, even 
more so since their capacities are insignificant. In this case it 

( )     is no longer necessary to have PT converters and the TRU rectifier 
capacity will decrease. 

The system is simple, highly reliable, has a substantially 
lower weight in comparison with other power systems, and will be the 
most promising fcr turbo-prop aircraft of medium and long ranges. 

The three-phase, 200 v, constant frequency, a-c systems, used 
• in modern aircraft are much more perfect than the other systems, and 
are based mainly on the use of nonconduct elements. 

. V: 

Fig. 1.6. Diagram of the power supply in the 200 v 
constant frequency a-c system. 

Key: 1. emergency, 2. synchronization 
busbar. 

In fig. 1.6, we show the typical diagram of a 200 v constant 
frequency 400 cps + (0.1-1)% a-c system. The system includes four 
constant speed drives, which activate the generators at a constant 
speed in the entire range of the engine, from the low gas to the 
take-off conditions. 

Each generator is connected to its own main busbar D. The gener- 
ators are connected for parallel work with conductors K and Kc to 
the synchronization busbar. Varying conductors K, Kj, K2, and K,,, 
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can be connected with the generators for separate work or groups 
of two and other combinations. 

In order to assure reliable power supply to the consumers 
over two channels from two quite Independent systems. It Is ad- 
visable during take-off and landing by means of conductors, to 
divide the system into two self-contained ones. With the utilization 
factor of the generators amounting to 0.5, the failure of one of 
them does not disrupt the number of electric power supply, except 
that the remaining generator will be loaded 100%. If however, the 
utilization coefficient of the generators is 0.75, then when one of 
them goes out of commission, the remaining one is overloaded by 
50% of its capacity. In order to avoid this, an automatic system is in- 
troduced which closes the conductor and combines two systems, when 
any one generator goes out of commission. Other combinations are 
also possible for redistributing the loads. 

As an emergency source of stable frequency alternating-current 
a generator is used which is activated at a constant speed either 
by an air-fan or auxiliary power unit. 

The d-c 27 v voltage is assured by the transformer-rectifier 
units TRU and low capacity batteries. The latter are used on the 
ground and for supplying emergency d-c consumers. Under emergency 
conditions, the TRU, which operates from the emergency generator, 
supplies power to the emergency a-c busbar. 

We should assume that the requirements for the two independent 
power systems will be expanded and will Include aircraft with auto- 
matic landing-approach and automatic landing. 

The a-c constant frequency systems are suitable for use In all 
the aircraft where there is a high need for power supply with stable 
frequency current, therefore, they will be preferrable in the future 
aircraft with electrical drives in flight control systems and power- 
ful electrical equipment. 

These systems will be developed In the direction of the use of 
contactless generators with oxidation and armature windings located 
on the stator, and differential and pneumatic drives. Such units 
may operate at higher temperature than the generators with their 
rotating rectifiers and hydraulic constant speed drives. The oper- 
ating temperature of the constant speed hydraulic drives In modern 
aircraft Is limited by the properties of the energy transmitting 
medium to 160oC. Since in the units rotating parts are used which 
are manufactured with very small tolerances, their service life is 
relatively short. They require quite complex hydraulic systems, oper- 
ating at all positions of the reservoir and negative overloads, and 
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as much as they are Installed on the engine, their dismounting 
for examination and repairs requires a great loss of time and funds. 
The Introduction of the differential or pneumatic drive will solve 
some of these difficulties. 

3.  Selection of the Power Supply System. 

The total capacity of the electrical system xaboard the aircraft 
Is added up from the sum of the calculated loads, the reserve for 
the Increase of the load during the further development of the air- 
craft and a reserve for the case of emergency situations. 

For civilian aircraft it Is commor practice to provide for the 
failure of only one engine and the generator driven by It without a 
decrease of the load. 

The selection of the optimum power system for this type of air- 
craft depends on the character overloads, their share in the total 
power, and specific features of operation. 

Having determined the power and operating conditions of the con- 
sumers, they must be classified with respect to the type of current, 
voltage, and frequency. At the same time we determine the most eco- 
nomical system for starting the aircraft engine, since in certain 
cases the start has a substantial Influence on the selection of the 
aircraft's power system. The engine type of the aircraft may be the 
decisive factor in the selection of the power system. For example, 
the transport medium range aircraft with a high-pressure turbine may 
carry a j'.arge load in the form of heating elements, de-icing devices 
for the propeller, engine, and wings. At the same time, the engine 
has a practically stable speed of revolution with a precision of + 
5%.  In this case absolutely, the most promising is the a-c stable 
frequency + 5% power system with separate work of the generators which 
are driven directly by the aircraft engines. Fbr low power consumers, 
requiring high frequency stabilization precision, the energy may be 
obtained from the converters, while the d-c 27 v energy comes from the 
transformer-rectifier units. 

In trans-oceanic airplanes with turbo-prop engines, the most 
rational tangent for the heating elements of the de-icing devices is 
hot air, drawn from the engine, rather than electricity. At the same 
time a high-current frequency stabilization precision is required for 
the communication equipment, control system, navigational system, 
and other equipment. 

Aircraft with turbo-prop engines have a wide range of speed of 
revolution of the aircraft engine, and consequently two types of 
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power systems are possible: 27 v d-c and 200/115 v a-c with constant 
frequency and constant speed drive. 

For such aircraft with a main 27 v d-c power system a large 
number of powerful convertors will be used which will Increase con- 
siderably the weight of an already heavy d-c system In comparison 
with the a-c system driven at constant speed. 

if the load carried by the channels (aircraft engine) is  smaller 
than 9-12 kw, the 27 v d-c system will be the best. These advantages 
are especially evident when a generator is used as a starter for 
starting the aircraft engine. 

This system is simple and has the batteries as the power reserve. 
The principal short-coming of the d-c generator is eliminated when a 
non-conduct design is used. Ibr a light aircraft this system will be 
the most likely. 

When there is a larger demand for circuit power. It is the most 
probable that the a-c 200/115 v unstable frequency power system will 
be the most suitable. In this case, direct-current is received from 
the rectifiers and the a-c constant frequency from the convertors• 
The decisive significance for the use of the unstable frequency power 
system is the value of the constant frequency required. 

Thus, for every aircraft there exists its own optimum type and 
power of the power supply system. With the increase of the number of 
consumers, and the necessity to transmit greater currents at high 
altitude conditions, it Is not rational to use in the aircraft a d-c 
low voltage as the main power system. The conversion to direct-current 
of a higher voltage, lowers the quality of the work of the brush- 
collector units of the generator and for high altitude may prove in- 
acceptable without special protective measures. The numerous radio 
devices require a wide gradation of the rated voltage used, and con- 
version of voltages with direct-current is much more complicated than 
with alternating-current. All this makes it necessary to create the 
principal electric power supply systems with alternating-current for 
high altitude airplanes which have a high demand of electrical power. 
Various convertors, forming the so called secondary feed system, which 
is not less important than the primary system, are being used simul- 
taneously with the primary power system. The use of convertors of 
alternating-current into direct-current, cannot have a substantial 
Influence on the weight and other characceris'tics of the power supply 
system selected. The use of convertors of direct current into alter- 
nating current is connected with the reduction of reliability and in- 
crease of the weight of the power system. 
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4. Tendencies in the Development of Power Systems. 

It Is considered, that the development of power supply systems 
of aircrafts will continue in two directions, with the primary 
alternating-current power supply systems and with primary direct- 
current power systems. However, the appearance of a qualitative new 
source of electric energy in them is unavoidable. 

The most promising a-c power supply systems are those in which 
with invariable speed of rotation of the primary motor a constant 
frequency is obtained without the use of the constant frequency drive, 
that is, by means of electro-mechanical and static converters« 

In fig. 1.7 we present one of the variations of the simplified 
circuit diagram, for obtaining a constant frequency of alternating- 
current by means of a' non-conduct electro-mechanical system. At the 
energy source here, a synchronous asynchronized generator SAG is 
used, that is, a synchronous generator, built with a multiphase rotor 
winding, which is supplied from the slipping currents. In these 
machines, the magnetic field, created by the rotors' winding, moves 
in the direction of rotation at a sliding speed in such a way that 
the sum of the mechanical speed of the rotor and the speed of rotation 
of the electrical field with respect to the rotor is always a constant 
value, equal to the synchronous speed. On the same shaft with the SAG 
rotor: the signal generator rotor SG, the rotor of the excitation 
generator B and the semi-conductor frequency convertor SF. The shafts 
with all the elements of the system located on it, is put into rotary 
motion by the engine through the conventional mechanical engine gear 
with a variable speed. 
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Fig. 1.7.  Simplified circuit diagram of an electro- 
mechanical constant frequency a-c system. 

The system includes a low power frequency setter FS generating and 
alternating-current of a standard frequency fe, equal to 400 cps. The 
standard frequency is delivered to the low power signal-generator SG, 
which, by comparing its own frequency with the standard one, works out 
the slipping frequency fs and delivers it to the frequency convertor 
SF. 
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The exciter B is the generator of alternating-current with un- 
stable frequency {2  and serves for exciting the SAG. Its power de- 
pends on the range of the speeds of rotation and may reach up to 
bOX  of the power of the main generator. 

The frequency converter SF which has a controlling signal from 
SG with a slipping frequency ^, converts the alternating-current of 
unstable frequency f2 energy of the exciter into the energy of the 
alternating-current with a slipping frequency f8 and delivers it to 
the multiphase rotor winding of SAG. From the SAG stater an alter- 
nating current with a constant frequency fi ■ fe - 400 ops, is de- 
livered to the power system. The voltage is regulated by the action 
on the excitment of exciter B by means of voltage regulator VR. 

The merit of the electro-mechanical system examined is the non- 
conduct structural design, and a relatively low weight per power. 

Among its short-comings we should mention the presence on the 
machine's shaft of a semi-conductor convertor for a relatively large 
capacity. Up to now the creation of a sufficiently reliable convertor 
has presented great difficulties. 

In fig. 1.8 we present the possible variation of the system of 
a-c generation with a constant frequency by means of a static con- 
vertor. 

Generator G receives its variable speed of rotation from the air- 
craft engine through the usual mechanical reducing gear and delivers 
to the power system an alternating-current of a high non-stable fre- 
quency of 3000 to 6000 cps, which arrives into the SF frequency con- 
vertor. On the diagram we show the frequency conversion of only one- 
phase C. The conversion in the other phases proceeds analogously. 

Fig. 1.8.  Simplified circuit diagram of the static system 
of a constant-frequency alternating-current gener- 
ation.  Key: 1. Computator. 
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In order to obtain a single-phase (for example phape C) with 
a stable low frequency of 400 cps, 6 regulated diodes were used: 
3 for the positive and 3 for the negative half-wave. The comput- 
ating device K, regulates by opening and closing the diodes, which 
rectify the positive and negative high frequency half-waves. This 
regulation is carried out in such a way, that the low voltage 
frequency (400 cps) would be constant, and in this case for guaran- 
teeing that the low voltage curve would pass through 0, the diodes 
in this zone should operate in an inverse regime. 

In order to decrease the pulsations of the rectified voltage, 
the systems with six- and twelve-phase rectification are used 
separately for each phase of the generator. 

From the SF, the current goes to filter F. Aa the result we ob- 
tain a constant frequency alternating-current with the shape of the 
curve close to the sinusoid. The voltage is regulated by the action 
on the computing device K through the voltage regulator VR. 

The merit of the system lies in the fact that it is made non- 
conduct, and the frequency convert or may be set up by remote control 
from the aircraft engine, that is, in better temperature and vib- 
ration conditions. This improves the reliability, increases the ser- 
vice life, and simplifies the operating conditions. 

The improvement of the electrical systems of an aircraft is 
directed toward the exclusion of throw-over conducts, robbing con- 
duct surfaces, and all moving parts in general. 

In all the power systems examined, there is at least one main 
moving part, namely the rotor. Therefore, the future belongs to the 
static or direct methods of obtaining electric power, where 3 methods 
are possible: 

1. Direct th«rmo-electric conversion, using the heat of the air- 
craft engine's exhaust gas or spatial heat generators. 

2. Electro-chemical, using fuel cells, especially if the battery 
will operate on the aircraft engine's fuel. 

3. Nuclear reaction. 

The common feature of these methods consist of  the fact  that  they 
generate direct-current,  and the need  for a-c  electric energy ap- 
parently would be met  by some type of converter. 

The great  obstacle  in designing electric aircraft power systems, 
is the so called  'h'at  barrier stop" during flight with a speed cor- 
responding  to M-2 at  a height of 18,300 ra,   the    cooling conditions 
of  the motors'   generators by the oncoming airstream are at  their 
maximum.  An increase of the operating temperatures of the electrical 
machines or  the use of coolants will be needed.  To attain a higher 

-    415    - 

O 



' 

jpe'ating temperature  an  interest  is  increasing  for  the machines 
of  the  type   in which both windings   (excitation and armament)  are 
located on the  stator,  while the rotor  is of  the  type of an in- 
ductor without  a winding.   These machines  are  1.4  to  1.6 times 
heavier  than  the  conventional ones. 

During a  ti    ht speed corresponding  to H-3 the available  in- 
sulating materials are unfit  for work,   since their operating tem- 
perature  is about  SOO'C.   With M-2 in non-cooled partitions,  the 
general purpose  cables will be  found  under extreme  operating con- 
ditions.  With M"3 these  cables are unusable,  and  another   insulation 
with inorganic polymers will be required. 

With the increase of  the temperature,   the  resistance of the con- 
ductors rises.  With M-3  the resistance of  the copper conductor  is 
doubled,  which may result   in an increase of th<i voltage of  the 
powftr system,   in order  to decrease the cable weight. 

The tendency to carry out  the functions of  regulation,  control 
and protection at a low power level decreases the amount of heat, 
which has to hi removed  from the equipment.  This  lowers the oper- 
ating temperature of the unit at  the  given temperature of  the sur- 
rounding media. 

The use of semi-conductors:  diodes,   transistors,  and silicone 
rectifiers,   switches,   relays,  and amplifiers,  raises the reliability 
and improves  the qualitative characteristics of aircraft electrical 
equipment. 

Electrical  relays are  not  completely excluded,  even from the 
equipment now  in the development  stage,   in connection with the  fact 
that  semi-conductors with  the required characteristics are not  avail- 
able. 

The electro-mechanical  relay,   inspite of a  series of short-comings, 
possesses also a very quality owing  to  the presence of several 
conduct-pears  isolated   from one another.   The coil  is  conveniently 
isolated   from the conducts   whereas  the  transistors or the control 
rectifiers require additional devices  for attaining the required  in- 
sulation. 

Chapter II.  Aircraft  Power  Supply With the Main D-C System. 

1.    Aircraft  Power  Supply from D-C Generators. 

In iig.   2.1 and 2.2 we present the power supply systems  for an air- 
craft,  including the primary d-c  27 v power system,  and secondary single- 
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and  three-phase a-c power  systems. 

J-.W. 

Fig. 2.1.  Diagram of an aircraft system of power 
supply from 2 d-c generators. 

In the prlmarv power system the principal sources of energy are 
the starter-generators, which are activated by the aircraft enfines 
The role of the auxiliary and emergency energy sources Is fulfilled 
by the storage battery. 

The most promising In these systems will be the use of the sim- 
plified circuit diagram of the d-c power system, with an rngular, 
multichannel, protected feed power system, possessing a high reliab- 
ility and vitality under normal and emergency operating conditions. 
The system maintains a working capacity in an extreme emergency situ- 
ation, when all the generators have failed. In this case all the 
distributing busbars are automatically deprived of current, with the 
exception of the emergency busbars, from which the vitally important 
consumers indispensable for continuing the flight, if the aircraft 
engines are operating, or for landing if the engines have stopped, 
receive their power supply. In this situation, only the storage bat- 
teries serve as the energy sources. 

Under ground conditions the aircraft system receives its feed 
from the airfield d-c source by means of an airfield contact rose. 

The starter generator is used as the starter for the aircraft 
engine, receiving its feed from the ground source or from the air- 
craft's batteries. The electric power supply with single-phase alter- 
nating current with a voltage of 115 v + 5%  and a frequency of 400 
cps + 5X  is carried out from the secondary power system, in which 
the energy sources are 2 convertors of the PO type, one of which 
operates and the other is in "cold" reserve and is automatically con- 
nected when the other one has gone out of commission. In diagram 2.2 
there are 5 convertors , of which are the main and two are reserve 
convertors. 
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Fig. 2.2.  Diagram of the power supply of an aircraft 
from 4 d-c generators. 

The electric power supply with three-phase alternating-current 
with a voltage of 36 v + 5% and a frequency of 400 cps +2%» is 
carried out from the secondary powjr system, in which the energy 
sources are 2 convertors of the PT type, one of which operates and 
the other is in "cold" reserve and automatically put into operation 
when the main one goes out of commission. 

When the d-c generator fails, the convertors PC and PT are 
switched over to supplying the emergency power system, and are as- 
signed the load of only the most important consumers with the mini- 
mulh capacity. 

2.  Electric Power Supply of an Aircraft from D-C and A-C Gener- 
ators. 

In fig. 2.3 we present a system of electric power supply of an 
aircraft from four main d-c generators and four auxiliary a-c gener- 
ators. The system consists of a primary d-c 27 v power system, an 
initial a-c power system, and secondary one-phase and three-phase 
a-c power systems. 

In the primary d-c power supply system, the main energy sources 
are four starter generators, activated by the aircraft engines. The 
role of the auxiliary energy source is carried out by four batteries. 
The system operates analogously to the one examined in §1. 

The primary, a-c three-phase power system with an unstable fre- 
quency and a voltage of 200/115 v is used for supplying consumers, 
which are indifferent to the frequency. The energy sources are four 
generators, activated by the aircraft's engines. The generators work 
separately for the corresponding groups of consumers. Upon the failure 
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Fig. 2.3.  Diagram of an electric power supply system 
of an aircraft from d-c and a-c generators. 

of individual generators, the important consumers are switched over 
to be supplied from the remaining ones. 

The electric power supply with single-phase alternating current 
and a voltage of 115 v + 5% and a frequency of 400 cpc + 5% is car- 
ried out with the secondary power system with two conductors of the 
PC tyi-e, of which one operates and the second is in "cold" reserve 
and is automatically connected to the power system when the main 
one fails. 

The power supply with a three-phase alternating-current, with 
a voltage of 36 v + 5% and a frequency of 400 cps + 17, is carried 
out by the secondary power system with 2 converters of the PT, of 
which the first operates and the second is in the "cold" reserve 
and is automatically connected to the power system, when the main 
one fails. 

In case of failure of the d-c generators, the PO and PT con- 
verters are switched over to receive power from the emergency power 
system and continue to supply only the important, minimum capacity 
consumers. 

Chapter III. Aircraft Power Supply With A Main Alternating-Current 
System. 

1.  Aircraft Power Supply from A-C Generators with Unstable 
Frequency. 

ELECTRIC POWER SUPPLY SYSTEM. The principal primary power system is 
the three-phase a-c system with a voltage of 200/115 v with vari- 
able frequency and two a-c generators. 
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The secondary power supply system Is a d-c 27 v system, In 
which the energy source is the transformer-rectifier unit (TRU). 

The emergency power supply is produced by the a-c generator, ( 
which is activated by a wind-fan and from a small capacity bat- 
tery. 

For work on the ground an airfield a-c power source is used, 
connected through the airfield power supply rose APR. The power 
supply system is shown in fig. 3.1. 

THE A-C POWER SUPPLY SYSTEM. The main source of the aircraft's 
power supply a-c system are two three-phase generators activated 
by the engine. 

Each generator operates separately for a specific group of con- 
sumers. During normal work,a generator G} supplies busbar E} and 
generator G2 the busbars D and J. 

If any one of the generators will produce a higher or lower 
voltage current, it is automatically disconnected from the busbar 
and the latter is connected to the generator in good order, and in 
the cockpit, a signal lamp lights up, indicating which of the gen- 
erators is not operating. 

Busbar E supplies a number of consumers, including the trans- 
former-rectifying unit TRUj. 

Busbar E supplies a number of consumers including a 200/28 v 
transformer which delivers a 28 v alternating-current to busbar Z, 
from which the lighting equipment receives its power. 

From the emergency busbar J, power is supplied to the vitally 
important consumers: the flaps system, the auxiliary pump, the air- 
conditing system, the cockpit lighting, the position indicator, and 
the TRU2. 

The electric power supply system has minimum frequency relays 
which disconnect the busbars of both a-c generators, if the speed 
of revolution of the aircraft engines drops below 65%. In this case 
the work of all the electric power consumers ceases, with the ex- 
ception of the auxiliary pump, which operates when the speed is re- 
duced down to 40%. 

In case of failure of both generators the emergency busbar J 
will receive its feed from the emergency a-c generator driven by the 
wind-fan, which in this case is moved out into the airstream. From 
busbar J through the emergency instrument feed transformer, the ener- 
gy is delivered to busbar P of the instruments, from which the com- 
pass system and the position indicator are supplied. 
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Flg. 3.1. Diagram of an aircraft electric power supply 
from two non-stable frequency a-c generators. 

Key: 1. Brief disconnection under emergency 
conditions. 

When the air field feed source Is connected to the aircraft 
power systems, the generators are automatically disconnected from 
the busbars, and all the free a-c busbars are converted to supply 
from the airfield source. In this case the protective relays dis- 
connect the convertor PT from the main d-c busbar (In order to 
avoid Its useless work) while the Instruments are automatically 
switched over to receive their supply from the emergency a-c bus- 
bar through the Instrument emergency feed transformer. 

D-C FEED SYSTEM. During normal work the transformer-rectifier 
unit TRUj receiving its feed from busbar E, transforms the 200/115 
v alternating-current into 28 v direct-current and delivers it to 
the main d-c busbar. A number of consumers, including the Instrument 
feed convertor (PT) receive their power supply directly from this 
busbar. 

During normal work, the emergency busbar A and the Important con- 
sumer busbar C, supplying the units which assure flight safety, are 
connected to the main busbar B. 

During normal work, the transformer-rectifier unit TRU2, which 
receives its feed from the emergency a-c busbar J, delivers 28 v 
direct-current to the battery busbar AK and the battery, maintaining 
it all the time in the fully charged state. 

In the case of failure of the main busbar B, busbars A and C 
are switched over automatically to receive their power from the trans- 
former-rectifying unit TRU2. 

r\ 
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In case of failure of the main generators, the emergency gen- 
erator delivers energy to the emergency busbar J from which the 
Important consumers, Including the TRU2 receive their power supply. 

In order to prevent over loading of the emergency generator, 
when the wing mechanisms are turned on (brief operating conditions) 
busbar A Is automatically deprived of current. 

In case all three generators fall, all the alternating- and 
direct-current busbars lose their current, with the exception of the 
battery busbar AK, which In this case receives Its power supply 
from the battery. The blocking rectifier excludes the possibility 
of energy from the battery to the other busbars, which Is Indispens- 
ably In order to preserve the limited energy reserve of the battery. 
From the battery busbars the power Is received by the systems of 
the fire alarm and generator failure signals. Ignition, shut-off 
fuel valves and so forth. 

The battery Is the only Independent source of direct-current In 
the electric system. The battery control Is completely automated. 

INSTRUMENT FEED SYSTEM. During normal work, the pilot's Instru- 
ments are supplied with alternating-current from the the Instrument 
feed converter. The convertor, connected to the main d-c busbar P, 
converts the 27 v direct-current into 36 v alternating-current with 
a frequency of 400 cps and delivers it to the Instrument power supply 
busbar P. 

In case the convertor falls, busbar P is automatically connected 
through transformer TR to the emergency a-c busbar J, so that there 
is no interruption In the work of the Instruments. Busbar P receives 
its power from J, even when the aircraft power system is connected 
to the airfield power supply. 

CONCLUSIONS. 

The power supply system provides reliably the power supply to the 
consumers of alternating- and direct-current. The quality of power 
with respect to Its frequency is the best during the rated speed of 
revolutions of the aircraft engine and is maintained within the per- 
missible limits within a small range of its speeds. 

The power supply system with a non-stable frequency with 2 gener- 
ators is usually employed in aircraft with one or two aircraft engines 
having a small range of revolution speeds. It can be used success- 
fully in aircraft with several engines, its reliability increasing 
with the increase of the number of engines, generators, TR^J, and PT. 

n 
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2. Power Supply of an Aircraft during Separate Work of A-C 
Constant Frequency Generators. 

THE POWER SUPPLY SYSTEM. 

The basic primary power supply system Is the three-phase a-c 
system with a voltage of 200/115 v and a constant frequency of 
400 cps. The energy sources are three generators with a constant 
speed drive, operating separately for their respective groups 
consumers. 

The secondary power supply system Is the 27 v d-c system, the 
energy source of which consists of three transformer-rectifying 
units (TRU). 

The 36 v alternating-current Is produced from the basic current 
by means of transformers. 

Emergency a-c power supply Is obtained from the generator. In- 
stalled on an auxiliary, self-contained unit, which Is started in 
flight, when the principal generators fall. 

The super-emergency d-c power supply is obtained from the battery 
and a-c power supply from the static converter SP. 

The ground power supply of the aircraft power system with alter- 
nating and direct currents is received from airfield energy sources 
by means of airfield feed roses AFR. The power supply diagram is 
given in fig. 3.2. 

THE A-C POWER SUPPLY SYSTEM. The basic power supply system is 
the three-phase a-c constant frequency system, in which the energy 
sources are three a-c generators, activated by a hydraulic constant 
speed drive. The aircraft body Is used as the power neutral. The power 
of the single-phase loads should not exceed 5%, which makes it pos- 
sible to balance the generator phase loads. 

THE CONSTANT SPEED DRIVE. On every aircraft engine, a differential 
hydraulic drive insuring the constant rate of revolution of the gener- 
ator of 8000 rpm when the engine speed varies within the range of 
3300 - 6400 rpm. 

Under established operating conditions It assures the stabili- 
zation of the generators frequencies with a precision of + 1Z. 
During transient processes, that is, during changes In the rate of 
revolution of the engine or variations of the load, the frequencies 
may Increase up to 5%. 
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Fig. 3.2. Diagram of an aircraft power supply from three- 
phase a-c constant frequency generators. 

Key: 1. connecting busbar, 2. normal, 3. emer- 
gency, 4. main,.5. towed, 6. parked. 

The dtive delivers the principal power by the mechanical method. 
The maximum power magnitude, transmitted hydraulically, amounts to 
not more than 20%. When the aircraft speed corresponds to the 

cruising flight conditions, the hydraulic drive pump carries practic- 
ally no load. 

Each drive is independent and has its own oil tank, cooler, 
oil temperature and pressure measurement instruments, and a system 
for protection against over heating. When the generator is damaged, 
the disconnection of the drive is provided for, but during flight it 
may not be reconnected again. 

THE NON-CONDUCT A-C GENERATOR has a 6-pole rotating excitation 
winding with clearly expressed poles, which is supplied with power 
through the rectifier from the exciter. 

During flight, the generator is cooled by the oncoming stream of 
air, on the ground the cooling air is delivered from the aircraft 
engine's compressor. 
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The full rated power Is yielded by the generator under all con- 

diH .ns, including the work of the engine on the ground during low 
ga_   a. 

The generator is protected against over heating by a mercury- 
switch, installed on the stator, which operates at a temperature 
of over 1750C. 

THE GENERATORS'CONTROL PANEL. Each generator has its own control 
panel and provides voltage regulation and a protective system, which 
is made entirely of non-conduct elements. The voltage regulator under 
established conditions maintains the generator's voltage of 200 + 
4 v. 

The panel provides protection of the electric power system from 
the following emergency conditions: 

1. The over voltage protection system operates if the voltage 
exceeds 215 v during a time greater than 5 seconds. The time lag is 
necessary in order to exclude false operation of the protective sys- 
tem. If after the protective system has operated, the generator's 
voltage is restored to the permissible limits, it may be again turned 
on by the generator's switch, which at first is set up in the "off" 
position, and then into the "on" position. 

2. The protective system against the voltage drop operates if 
the generator's voltage drops down to 185 v during 5 seconds. The 
repeated connection of the generator to the power system is provided 
for when its voltage rises to 186 - 195 v. 

3. The protection against frequency excess disconnects the 
generator from the power system in case the frequency rises to 420- 
424 cps during 1 second. It is possible to reconnect the generator 
to the power system if the frequency drops down to 418-406 cps. 

4. The protection against frequency drop operates when the 
frequency is 360-376 cps. When the frequency rises to 382-394 cps, 
we may again turn on the generator. 

5. The protection against short-circuits and phase breaks is 
built on the principle of comparison of the non-balanced current, 
flowing through the control panel, with a balanced voltage. 

• 

Protection is provided against short-circuits only in the 
generator feeder up to the control panel. The primary power supply 
system (up to the distributing busbars) has no protective system. 
The wires of the primary feed system are installed in such a way as 
to exclude completely the possibility of short-circuits. 

6. Protection against incorrect phase sequence. 
7. Protection against over excitation and under excitation of 

the generators. 
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THE EMERGENCY A-C SOURCE consists of a small jet engine, on 
which the a-c generator is Installed. 

Under conditions on the ground, in the absence of airfield 
process of air and electric power supply, the unit supplies the 
air conditioning and the engine starting systems with air and the 
aircraft power supply system with electric energy. 

THE STATIC CONVERTOR. On the aircraft, a static convertor of 
direct-current into alternating-current is installed, which is used 
for supplying the emergency instruments: the artificial horizon, 
the turn- and sleeping indicator, and certain radio-navigational in- 
struments. It also provides electric power to the aircraft fueling 
system, which makes it possible to take on fuel for the aircraft 
using only the aircraft storage battery. 

DISTRIBUTION OF A-C ELECTRIC ENERGY. The a-c generators of the 
main power system operate separately, each for its own load. During 
normal work the generator Gj supplies the a-c busbar IE, generator 
G2 supplies the 2E and 2D busbars, and the emergency busbar 2J, 
to which the vitally important consupvers are connected, which are 
required for completion of the flight under emergency conditions, and 
the G3 supplies the 3E busbar. 

The busbar of generator G2 is divided into 2 parts, 2E and 2D, 
that in case one generator goes out of commission, the entire 

be distributed between the two remaining generators 
The: important duplicating electric energy consumers are 

between busbars IE and 3E. 

O 

emergency conditions the loads are switched over in the 
way. When generator Gj is damaged, conductor Q\  is turned 

I the generator is disconnected from the power supply line, 
•ane time, conductors Kd and KC2 and the switch-over con- 
Ifl2 operate. Busbar IE is connected to generator G2, and bus- 

bar 20 will be switched over to receive its power supnly from gen- 
erator 03. 

When generator G2 Is damaged, conductor Kc? is turned on, and con- 

ductors KJII and K^ are switched over. In this case, busbar 2E, la 
connected to generator Gj and busbar 2D to generator G3. When gener- 
ator G3 goes out of commission, conductor KC3 is turned off, con- 

ductors 1^2 and Kc3 are turned on, and the conductor Km is switched 

over. Buubar 3E is thus connected to generator G2, and busbar 2E is 
switched over to receive its feed from generator G). 
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Upon failure of any two generators, busbars IE and 2E, or 2D 

and 3E are supplied with a-c feed. The emergency a-c busbar J Is 
supplied either from busbar 2E or from the static converter. The 
load between the busbars Is distributed in such a way, that upon 
failure of two generators, the aircraft can continue Its flight 
under any conditions. 

When the airfield a-c feed source Is connected, the connecting 
conductors K^-i, Kc?, and 1^3 operate and supply feed to all the a-c 
busbars. The control of the frequency, voltage, and phase sequence 
of the airfield a-c feed source Is provided for. The airfield source 
Is connected to the aircraft power system only In case If all the 
above mentioned parameters are within the permissible limits. 

When the principal engines are started, the connecting conductors 
are automatically turned off, and the generators are connected to 
supply their own busbars. 

The emergency a-c feed source is connected to the power supply 
system in the same way as the airfield teed source. A blockin system 
is available, which does not permit the parallel work of the airfield 
and emergency supply sources. In this case only the emergency supply 
source is connected to the power system. The blocking system also 
prevents the parallel work of the main generators and the emergency 
supply source. In this case, the preference is giv«« to the aaxn 
generators. 

In case of failure of the automatic a- 
manual system with three switches is prowidmd*  In 
any constant speed drive or generator, tbm 
lights up, informing the crew of the d.mmqm 
switch should be used for switching ovtvr thm  kvafewrs. Tbm 
are installed in such a way, that it 1*1 iapoMiklc to el 
one switch simultaneously. 

The prolonged load of each generator practically does not exceed 
bOX  of the rated power of the generator. Therefore, when one generator 
goes out of commission, the two remaining generators fully provide 
the power supply for all the loads. Upon failure of two generators, 
a part of the loads is disconnected by the busbar switch-over circuit 
diagram. A brief 5 minute load is supplied through the overload cap- 
acity of the generator. 

THE A-C SUPPLY SYSTEM WITH A VOLTAGE OF 27 v 1« an auxilinry 
(secondary) power supply system, in which the energy sources are three 
transformer-rectifying units (TRU) of three kw each. Direct-current is 
mainly used for supplying radio-equipment, conductors, relays, signal 
lamps, etc. In spite of the large quantity of d-c electric circuits, 
the ratio of the d-c power consumed to the a-c power used, is approxi- 
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mately 1 : 10. 

The rated load of a unit is 110 A. Two units may operate in 
parallel and supply a 160 A load for a long time. 

During the rated work, the d-c 1A, 2A, and 3A busbar are sup- 
plied each from its own TRU. Units 1 and 3 may operate in parallel. 
The main one is unit 2, because it supplies with power the d-c 
emergency busbar 2B, to which the vitally important power consumers 
are connected. In the circuit of unit 2 there is a blocking diode 
0, which permits the power supply to busbar 2A and emergency bus- 
bar 2B from units 1 and 3, not permitting the feeding of busbars 1A 
and 3A from unit 2. 

When one unit goes out of commission, all the busbars may re- 
ceive their power supply from the remaining two. 

In ehe feeler of every TRU a reverse current relay PQ is in- 
stalled, which üuring a short-circuit at the output site of the 
unit disconnects it from the system. The reverse current relay, pro- 
vided on Lite storage battery feeder, upon a short-circuit at the 
terminals and inside the battery disconnects it from the power system. 

There is a contact rose for connecting the aircraft power system 
to the airfield d-c feed source, which provides the power supply for 
all the d-c consumers. 

An auxiliary switch "parking-towing" is installed, which delivers 
from the battery the power supply for certain consumers: communi- 
cations, pressure monometer oi the braking system, and navigational 
illumination of low intensity. During parking only the low light in- 
tensity navigational illumination is supplied with power. 

EMERGENCY D-C POWER SUPPLY. As the emergency d-c power source, 
a lead-acid storage battery with the capacity of 25 Ah is used. When 
all the three a-c generators go out of commission, the battery 
supplies power to: communications, navigational instruments, illumin- 
ation of the pilot's instrument panel, illumination of the passenger 
cabin, and a static convertor, which supplies the emergency a-c in- 
struments. The battery provides power to emergency loads for 30 
minutes. It also assures three startings of the emergency feed unit, 
under normal atmospheric conditions. Under ground conditions, the 
battery may be charged for a long time from the emergency feed unit, 
or from the airfield a-c power source, through the transformer-recti- 
fying unit. 
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3. Aircraft Power Supply During the Parallel Work of A-C 
Constant Frequency Generators. 

POWER SUPPLY SYSTEMS. 

The power supply system consists of a primary a-c power system 
with a voltage of 200/115 v with a constant frequency of 400 cps + 
IX  and a secondary 27 v d-c power system. 

The principal electric power sources are four three-phase a-c 
generators with a power of up to 40 kwA, which are activated by the 
aircraft engines to a constant speed drive. 

The constant speed generator drives are independent hydraulic 
systems. 

The 27 v direct-current is obtained from the alternating-current 
by means of fonr transformer-rectifying units with a power of 1.5 
kw each. These storage battery ha-- a capacity of 36 Ah and supplies 
a-c energy to certain control elements when the power systems are 
first undone, and also supplies vitally important consumers under 
emergency flight conditions. 

All the a-c energy is distributed through the central distribut- 
ing system directly for the consumers and the secondary distributing 
devices, installed in the crew's cabin. 

The feed on the ground is delivered in the form of three-phase 
alternating-current from the airfield source. The general diagram 
of the power supply system is given in fig. 3.3. 

The energy from the generator is delivered to the corresponding 
generator busbars, into the central distributing system (CDS 16), 
which is the primary distributing point in the system. The CDS con- 
tains the principal busbars, generator connection conductors, syn- 
chronization busbar conductors, airfield feed conductors, and other 
equipment, intended for control and protection (current transformers 
and relays). The generator conductors Kg connect the generators to 
Che main busbars, where Kc connect them for parallel work. 

The energy from the main CDS busbars is transmitted directly to 
certain consumers, and to the secondary distributing devices DD, 
located in the crew's cabin and other compartments of the aircraft. 
Ore part of the energy from the secondary distributing devices is 
transmitted directly to the three-phase and single-phase consumers, 
the other is stepped-down by the transformers to 28 v and is used 
for lighting. A part of the alternatinj-current is converted by the 
transformer-rectifying units into 28 v direct current, and used for 
supplying d-c consumers. 

- 429 - 

■•■ ■-* 

o 



.' ; 

iiir^ 
i fi .  i 

pflnj-* 

[= ̂ lil 

rv- 

l'1^^ 

ir L*. 

u 
ppudspul.     ftimpoMU- ■ 

2 lauuu     | 

ww 
«r 

6 L£»L^3^«itaNIM 

/v 

IL 

L3?S 

*v- 

frj    *—*        Vj/  »aoueoe- 

Wn \nnc\       "v 

n 

Fig. 3.3. Diagram of an aircraft power supply from four a-c 
constant frequency generators. 

Key: 1. synchronization busbar, 2. principal In- 
struments , 3. synchronization busbar, 4. em- 
ergency, 5. swltchlng-over of the main busbar 
feed, 6. main, 7. main radio. 

THE A-C SYSTEM is the principal power supply system, which de- 
livers power to all the consumers. Including consumers Indispensable 
for the safety of aircraft and crew. The energy sources are four 
non-conduct generators, each of which has Its own control and pro- 
tective system. Normally, the generators operate In parallel, sup- 
plying three-phase alternating-current to all the consumers simul- 
taneously. However, the loads are distributed In such a way, that 
each generator would supply Its own Individual busbar, Isolated from 
the other generators, which may at that time operate either in 
parallel or separately. 
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To the main a-c busbar located In DD13, the energy is delivered 

directly from the output of the generator Independently on the 
normal distribution system. To supply the main busbar with energy, 
any generators or airfield electric power source may be selected. 

The generators may be controlled manually by switches from the 
control panel in the crew's cabin, turning off the main automatic 
devices. To each generator correspond three switches. The "generator 
control" switch controls the action of relay (Kp), which connects 
the excitation winding of the generator with the voltage regulator. 
The "synchronization contact" switch controls the action of the syn- 
chronization conductor Kc, which is normally turned on. The "gener- 
ator conductor" switch controls the action of the generator conductor 
Kg. 

Since the synchronization conductors are normally turned on, when 
any "generator conductor" switch is turned on the energy is delivered 
to all the four busbars of the CDS. The conductors, upon being switched 
on, convert automatically the generators to parallel work. All three 
switches for each generator with three positions are kept in the 
middle position "off" by springs. When the switch is set in the "on" 
or "off" position, the corresponding contact or relay operate. The 
actual position of the conductors or relays is shown by fhe signal 
lamp "circuit open" for conductors of the generator and synchronization, 
and their signal lamp "off" for the generator conduct relay. 

THE AIRFIELD A-C SOURCE through the contact rose, the airfield 
feed conductor and synchronization conductors is connected to the 
distributing busbars of the generators. The circuit excludes the pos- 
sibility of parallel work of the airfield source and the generators. 
All the four conductors of the generators are automatically opened be- 
for the airfield feed conductor Is turned on. The turning on of any 
generator conductor automatically opens the airfield feed conductor. 
The airfield feed switch has three positions "on", "off", and "air- 
field service". In the latter case the energy is delivered only for 
servicing the airplane and goes to the main busbars. 

THE A-C GENERATOR is a non-contact, three-phase generator, with 
a capacity of 40 kwA with a power neutral and a rotating excitation 
winding. The generator is excited from the a-c exciter through the 
three-phase full wave rectifier, located on the generator rotor shaft. 

The generator is cooled with an airstream, created by the aircraft 
engine compressor. A thermo switch is installed into the main gener- 
ator's stand. 

AUTOMATIC CONTROL AND PROTECTION of the a-c system is carried 
out separately by control panels for each generator. When the gener- 
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ator switches are turned on, the panel automatically sends signals 
to the generator's conductors, control relays, and parallel work _ 
conductors. Each panel protects automatically the corresponding 
generator system either by Isolating it if the generator works in 
parallel with other generators, or turns off the generator. The 
blocking relays in the panel, which protect the control relay of 
the generator and the parallel work conductor against closing, should 
operate only in the presence of faulty operation. 

THE CONSTANT SPEED DRIVE is an independent fluid drive system, 
and in the case of faulty operation, it is disconnected from the 
aircraft engine. 

m 

THE 27 VOLT D-C POWER SYSTEM is used for feeding the control re- 
lays and conductors, of various signalling devices, electric cranes, 
and other consumers. 

The energy sources are four non-regulated transformer-rectifier 
units (TRU) with capacities of 1.5 kw each. 

Units 2, 3, and 4 operate In parallel through the special syn- 
chronizing busbar. The main unit 1 operates only for its own bus- 
bars. The other three units through the blocking diode D, when neces- 
sary, supply auxiliary power to the main unit 1 feeder, which is 
especially important when the latter falls. 

The reverse current TQ relays protect against the possibility 
of passage of the energy into the faulty TRU from the TRU in good 
order. 

All the TRU are supplied with power from specific a-c busbars. 
The main unit 1 may obtain its feed directly from the terminals of 
any generator or the airfield source, when the switch is set up in 
the appropriate position; a special switch is used for switching over. 

The system provides for a storage battery for 36 Ah. The storage 
battery may be charged from the main unit 1 and from others, through 
diode D. 

In case of failure of all the TRU the storage battery supplies 
the main busbar, providing d-c energy to consumers, which are re- 
quired for the controlling functions. 

The system provides for full wave rectifiers, connected for 
each phase for 115 v. This d-c energy is used for supplying the 
connection roses, located in restrooms and in the pilot's cockpit. 
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4. Aircraft Power Supply from Two-Independent A-C Constant 

Frequency Systems. 

The entire supply system Is divided Into two Independent elec- 
trical systems A and B, which under normal conditions operate In 
complete Isolation from one another. The diagrams of the power 
supply systems are given In fig. 3.4 and fig. 3.5. 

The principal primary power system Is the three-phase a-c, 
200/115 v system, with a constant frequency of 400 cps. The energy 
sources are four non-conduct a-c generators, which are activated 
.by fluid constant speed drives. 

As a role, a-c systems operate separately, however. It Is possible 
to Join them by a special conductor K, In order to eliminate the 
overload of a generator, when one of the two generators working In 
parallel falls. 

The energy from the generators Is delivered mainly to the distrib- 
uting busbars, from which certain consumers receive their feed 
directly, and secondary distributing busbars. The secondary busbars 
receive their feed over a single-channel radial protected system, 
which assures the required reliability under the conditions of short 
lengths and good protection against damage of the power supply lines. 

In order to Increase the reliability, we resort to sectioning 
the secondary busbars, which are supplied over Independent channels 
from various primary busbars. 

In order to lighten the load of the rectifying units, to feed 
part of the consumers, a low voltage alternating-current Is used, 
which Is drawn from the automatic 200/28 v transformers. 

To assure the flight of the aircraft upon the failure of all four 
engines an emergency turbine generator Is provided, which Is activated 
by a wind-fan. In this case the a-c energy Is used only for supplying 
the vitally Important units and"the reserved transformer-rectifying 
unit (TRU). 

THE SECONDARY POWER SYSTEM Is a d-c 27 v system. In which the 
energy sources are two transformer-rectifier units (TRU). 

The d-c power systems also form two Independent systems. In each 
of which a rectifying unit and a storage battery operate In parallel. 

Provisions are made for a reserve rectifying unit, which may be 
used for replacing any, that has gone out of commission. The reserve 
unit is the primary source of direct-current, when the emergency a-c 
turbine jet generator is operating. 
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Fig. 3.4. Diagram of an aircraft power supply from 
two Independent a-c constant frequency systems. 

Key: 1. emergency. 

When the latter fails, the only sources of energy are the 
storage batteries, which supply power to the especially important 
consumers, required for a brief flight and landing. 

Provisions are made for a ground feed source of a three-phase 
alternating-current only. 

5. Aircraft Power Supply with a Combined Circuit Diagram of 
A-C Constant Frequency Generators. 

POWER SUPPLY SYSTEM 

The power supply system consists of a primary three-phase a-c 
power system with a voltage of 200/115 v and a constant frequency 
of 400 cps + 1%, and a secondary 27 v d-c power system. 

The principal energy sources are four non-conduct three-phase 
alternating current generators, which are activated by constant 
speed drives, which are independent pneumatic systems. 

The d-c 28 v power sources are four transformer-rectifier units 
(TRU). 

The auxiliary d-c sources are four batteries, which assure, the 
starting of the turbine unit, the supply of the controlling elements 
in specific periods, and are the emergency sources when all the four 
a-c generators fail. 
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Fig. 3.5. Simplified circuit diagram of the electric power 
distribution. 

Key: 1. system A, system B,  2. main alter- 
nating current busbars, 3. emergency a-c turbo 
generator, 4. auxiliary a-c busbars, 5. trans- 
former-rectifier unit, 6. reserve transformer- 
rectifier unit., 7. direct-current busbar. 

All the a-c energy is distributed through the main busbars of 
the two central distributing systems CDS43 and CDS A4. From the 
main busbars, power is received by certain consumers directly as 
wall as secondary distributing devices, located in the crew's 
quarters and other compartments, where specific consumer groups are 
concentrated. 

O 

The system provides for ground power supply with a three-phase 
alternating- and direct-currents. 

The general diagram of  the power supply system of the aircraft 
is shown In fig.   3.6. 

THE A-C POWER SYSTEM.  Generators normally operate in parallel, 
combined through the synchronization busbar and supply alternating- 
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current to all the consumers. However, the loads are distributed in 
such a way, that each generator will be able to supply its own main 
busbars, isolated from the other generators. 

The power system provides for three operating conditions: 
1. Parallel work of four generators. 
2. Separate work of two groups with parallel work of two gener- 

ators in each group. 
3. Separate work of generators for a corresponding group of con- 

sumers. 

The energy from the generators is delivered to the main distribut- 
ing busbars of the generators into the central distributing systems 
COS43 and CDS44, which are the primary distributing points in the sys- 
tem. In the CDS the main busbars are located as well as the syn- 
chronization busbars, generator connection conductors, airfield feed 
and emergency generator conductors, and other equipment, intended 
for control and protection. 

The energy from the main busbars of the CDS is transmitted to the 
secondary distributing devices DS and directly to a number of con- 
sumers . 

The secondary distributing busbars are fed radially from the cor- 
responding primary busbars over three channels with two-sided pro- 
tection. 

A part of the a-c energy is delivered to the three- and single- 
phase, consumers without any changes. A part of the energy is con- 
verted by the three-phase transformers into a lower voltage of 36 v 
and by automatic transformers into a 28 v and lower voltage. A cer- 
tain part of the alternating-current is converted into d-c 28 v cur- 
rent, by means of transformer-rectifying units. 

With separate work, each generator supplies power to a certain 
group of consumers and is loaded by not more than 0.5 of its rated 
capacity. A damaged generator is automatically disconnected from the 
network, and its consumers are also automatically switched over to 
the working generator, the latter being loaded only to the rated 
capacity. 

Each generator may be controlled manually by means of two switches. 
One of them turns on the generator for parallel or separate work. One 
common switch for all the four generators makes it possible to pre- 
scribe parallel work conditions for all four generators or for two 
in a group. 
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Flg. 3.6. Diagram of an aircraft power supply system with a 
combined system of connection of the a-c constant 
frequency generators. 

Key: 1. three-phase current is shown as a single 
line. 

AUTOMATIC CONTROL AND PROTECTION of the a-c system Is carried 
out by the corresponding units, separate for each generator. 

THE POWER SUPPLY FROM THE AIRFIELD IS DELIVERED In the form of 
alternating-current. A special blocking excludes the possibility of 
parallel work of generators and the airfield source. 

A 27 VOLT D-C POWER SYSTEM is used for supplying control-low- 
pot'c? electric motors, electric cranes, instruments, signalling, and 
indi.'i'oual lighting feeder circuits. 

The energy sources are four non-regulated transformer-rectifier 
units (TRU). The units operate in parallel for a common two-channel 
energy ring. With the uniform distribution of the load on the bus- 
bars each rectifier operates for its own CDS busbars, and in the 
connecting wires between the COS flows an insignificant equalizing 
current, which increases only when any one unit fails. The secondary 
distributing devices are supplied over a four-channel ring system, 
with a two-sided wire protection. 

The reverse current relay disconnects the TRU from the power system 
when it is damaged. The system provides for four storage batteries. 
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which during flight may be charged from the power system. 

Upon the failure of the rectifiers, the batteries supply their (} 
own busbars C, In which energy Is received by some principal con- 
sumers Indispensable for controlling and piloting functions. 

Two TRU are supplied with power from the primary distributing 
systems, and the two others from secondary distributing devices. 

The separation of a d-c power system into two independent systems 
is not shown in the diagram, but it can be carried out with con- 
ductors, as it is shown in fig. 2.17 of the sixth section. 

APPENDIX: An Example of Development of a Rough Draft of a Passenger 
Airplane. 

As an example we shall Examine the development of a rough craft 
on the electrical equipment of a medium weight passenger airplane. 

The development of a draft begins with the examination of the 
customer's requirements, selection of equipment, and determination 
of the electric energy consumers. 

The consumers are grouped with respect to functions and put down 
into a table, a possible variation of Vrhich is shown in table 1. The 
capacities of the consumers are presented in the corresponding 
columns, depending on the length of the work and the type of current 
required. 

The low power consumers are not entered in the table with the 
exception of those which require a high voltage or frequency pre- 
cision. 

According to the table data, we determine the ratio between the 
powers with respect to the type of current, voltage, and frequency, 
establish the primary and secondary pow^r systems, determine the 
powers and number of energy sources and plot load schedules. 

In the example under examination, according to the consumers' 
capacity ratios, with respect to the tyre of current, taking into 
account the advantages of using electric starters for starting the 
aircraft engines, it is advisable to adopt as the primary power system 
the d-c power system with a secondary single-phase and secondary three- 
phase a-c energy. 

In accordance with this, we developed the basic electrical diagrams 
of the power systems and the consumers, with respect to their functions. 
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If in the initial planning stage the advantages of the use of 
a certain type of current as the main one, are not obvious, then 

it is advisable to develop in parallel two power systems with the 
primary constant and alternating-currents in order that, upon the 
development of the basic consumer systems, we will be able to render 
more precise the operational and weight characteristics, and select 
the best power supply variations. 

The technical documents are filled out in accordance with the 
above mentioned principles. 

In fig. 1 we give the simplified diagram of a primary d-c power 
system, the principal source of which consists of four starter gener- 
ators with a capacity of 12 kw each, and the auxiliary sources are 
two storage batteries with capacities of 30 Ah each. 

The energy sources are selected from the condition of the maximum 
possible power of simultaneously connected consumers, taking into 
account the required reserves. 

The generators and equipment are shown only for the left side, 
opening up the internal systems of the single set. 

The consumers' feeders in the distributing devices are grouped 
with respect to functions. The protective system is not shown, but 
the true values of the current consumed are given. Brief loads are 
marked with index "k". 

The value of the true currents makes it possible to determine 
easily the cross-sections of the wires supplying the distributing de- 
vice's busbarsj^ylect the type and rated value of^fe protective 
system. Next to the name of the wire, we show the initial and calcul- 
ated data: length, cross-section, value of the current passing through 
it under the most difficult conditions, and the voltage loss in this 
wire. 

The numeration of the units is carried out in accordance with the 
functional classification in the range between 100 and 199. The 
figure is the denominator of the unit and shows the section (control 
board) in which it is installed. 

For the sake of simplicity we do not show the numeration of the 
wires in fig. 1. and it is carried out in work planning, according 
to the previously described rules. 

The presence of the system of distribution of the units, the CDS, 
the A0, and the communications of the conductors, gives us a complete 
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concept of the lay-out of the power system on an aircraft. 

The presence of a table with the indication of the unit's [) 
weight, design, and wires, makes it possible to determine the in- 
stalled and flight weight of the power system. 

In the sixth section* in fig. 1.9, we show the simplified dia- 
gram of the secondary power system of a single-phase alternating- 
current, the sources of energy of which are two convertors of the 
PO type, with a capacity of 1500 vA each. One of them operates, 
and the second is in "cold" reserve and is connected when the main 
one goes out of commission. 

In the sixth section* in fig. 1.12, we show the simplified 
circuit diagram of the secondary three-phase alternatinR-current 
power system, the energy sources of which are two convertors of 
the PT type with a capacity of 750 vA each. One of them works and 
the other is in "cold" reserve and is automatically connected when 
the main one goes out of commission. 

In fig. 2 we show the simplified electrical diagram of air- 
craft control system. The simplified electrical diagrams of the con- 
sumers for other functions are made similarly. 

In the development of the simplified electrical diagrams, the 
capacities and operating conditions of the consumers, for various 
stages of flight are rendered more precisely. The final data on 
the consumers are recorded in tables with which the load schedules 
of the energy sources are rendered more precise. The tables and 
curves are made separately for each type of current. 

As an example, for the d-c consumers of the entire aircraft 
were made table 2 and accordingly plotted a load curve, presented 
in fig. 3. The curve reflects the loads which are common for the 
entire aircraft. Analogously we form the tables and plot load curves 
separately for each busbar and distributing device. 

On the basis of the load schedule, according to the heaviest 
regime, we determine the maximum capacity of simultaneously con- 
nected consumers. The heaviest flight regime from the point of view 
of the value of the load for each specific aircraft is established 
on the basis of the thorough analysis of the nature of the consumers' 
work. For a passenger aircraft, this would be the night flight with 
a maximum connection of the heating elements, lighting, and passenger 
facilitias. 

*The rough draft of the above mentioned diagram should be sup- 
plemented with technical data as it is shown In fig. 1. 
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Table 1:  Table of Electric Energy Consumers 
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(Table of Electric Energy Consumers, continued) 
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1. Functions. 
2. Consumers. 

♦        3. Capacity of 1 consumer's watts (wA). 
"        4. Total power of similar simultaneously operating consumers. 

5. Mandatory type of current. 
6. Direct, watts. 
7. Single-phase alternating. 
8. Three-phase alternating. 
9. Type of current In different watts (vA). 

10. Remarks. 
11. Name. 
12. Name. 
13. Direct current. 
14. Single-phase alternating. 
15. Three-phase alternating. 
16. Type of current. Indifferent. 
17. Number of consumers. 
18. Simultaneity factor, 11-5 sec, 12-5 mln., 13-prolonged, 14-5sec. 

15-5 mln, etc., etc., 16-englne systems, 17-fuel meter and 
oil-meter, 18- total. 

19. Aircraft control. 
20. Flap mechanism. 
21. Stabilizer mechanism. 
22. Rotor trimmer. 
23. Heating systems. 
24. Cabin ventilation mechanism. 
25. De-icer mechanism. 
26. Heaters. 
27. 10% of the flight time. 
28. Instrument equipment. 
29. Turn Indicator. 
30. Navigational system. 
31. Automatic equipment. 
32. Automatic pilot. 
33. Lighting. 
34. Passenger cabin lighting. 
35. Compartment lighting. 
36. Headlights. 
37. Signalling system. 
38. Outside dimensions lights. 
39. Navigational lights. 
40. Radio equipment. 
41. Communication radiostation. 
42. Command radiostation. 
43. Utilities. 
44. Water boiler, 2) oven, 3) kitchen water heater. 
45. Fuel system. 
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46. 1) auxiliary pumps, 2) pumping over pumps. 
47. Total power. 
48. With 30 minut- brakes. 
49. Total power, taking Into account the work simultaneity coefficient. 

Janpti/IKU 

** /PA 

fTiPs •   ♦-Äff 

"  ,—JU 

Fig. 2. Simplified electrical diagram of aircraft control system. 
Remark: The electrical diagrams of the aileron trimmer 

control (positive 7-615) RV (positive 5-620) are 
similar to the RN trimmer. 
Key: 1. flaps, 2. RN trimmer, 3. let out, 4. pick up. 
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Fig. 3. Load schedule  for d-c sources. 
Key: 1. of battery electrolyte, 2. 
rated capacity of four generators; 
rated capacity of three generators; 
rated capacity of two generators; 
3. flight preparations, 4. taxiing 
5-10 mln., 5. take-off 10-20 mln., 
6. flight 5-8 hours, 7. landing 
10-20 mln., 8. taxiing 5-10 mln. 

Taking into account the simultaneity coefficient of switching on 
the consumers, the discharge state of the storage batteries during 
starting, and the indispensable power reserve in case of failure of 
one of the two generators, their number and capacity are determined. 
For any given aircraft, these conditions are satisfied with four 
generators of 12 kw each, which assure a power reserve of about 100%. 
Brief overloads lasting 5 seconds or 5 minutes are provided for through 
the overload capacity of the generators and storage batteries. 

The load schedule is plotted for the static operating conditions 
of the consumers according to their rated capacity. If the consumers 
capacity during the operating cycle is non-uniform, then we should 
take the root mean square value of the power which is required to 
satisfy only the consumers of medium and high capacity. \ 

The storage batteries are selected in relation to their purpose. 
In the aircraft examined, the storage batteries fulfill the following 
functions: 
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Table 2: Table of D-C Electric Energy Consumers. 
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1. Functions. 
2. Consumers. 
3. Total capacity of Identical simultaneously operating consumers 

with respect to flight stages in watts. 
A. Flight preparation. 
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5. Taxiing. 
6. Take-off. 

Ä     7. Flight. 
^.     8. Landing. 

9. Name. 
10. Name. 
11. Capacity of a single consumer,  watts. 
12. Number of consumers. 
13. Simultaneity coefficient. 
14. Up to 5 seconds. 
15. Up to 5 minutes. 
16. Prolonged. 
17. Direct-current engineering. 
18. P0-1500 convertor, 2) PT-750 convertor. 
19. Propulsion systems. 
20. Flow-meter, 2)' oil gauge. 
21. Total. 
22. Aircraft control. 
23. flap mechanism,  2) stabilizer mechanism,  3)  rotor mechanism. 
24. Heating systems. 
25. Cabin regulation system,   2) de-icing mechanisms. 
26. Instrument equipment. 
27. turn-indicator,   2)  navigational system. 
28. Automatic equipment. 
29. Auto-pilot. 
30. Lighting. 
31. Passenger cabin lighting,   2)  compartment  lighting,  3 head lights. 
32. Signalling equipment. 
33. Outside dimension lights,  2) navigational lights. 
34. Radio equipment. 
35. Communication radio station,  2)  command radio station. 
36. Facilities. 
37. Water boiler,  2) oven,  3) kitchen water heater. 
38. Fuel system. 
39. Auxiliary pumps, 2) pumping over pumps. 
40. Losses in the power lines. 
41. Total load for all the systems. 
42. Total load taking into account the simultaneity coefficient. 

1. They provide for the self-contained starting of the aircraft 
engines. 

2. They supply the consumers with electric energy during the parti- 
al flight preparation. 

3. During flight they cover the load peaks. 
4. They serve as the reserve energy source when the generators 

fail in flight. '£< 
5. They supply energy through the radio stations during a forced ''   \ 

landing. 
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In order to select a storage battery, we tentatively prescribe 
its type and check its capacity from the point of view of meeting 
the load curve. During calculations, the initial capacity of the 
battery is taken at 70% of the rated capacity, and the residual 
capacity by the end of the flight should be not less than 20-22% 
of the rated capacity. The battery's capacity, lost during a dis- 
charge, and the capacity obtained in the charging process, is 
calculated with formulas given in section IV. The data for calcul- 
ations are conveniently entered in table 3. For this type of air- 
craft we selected two storage batteries of the 12-SAM-28 type with 
capacity of 28 Ah each, and accordingly check the required capacity 
taking into account 4-5 aircraft engine starts; the residual capacity 
in this case should not be less than 20% of the rated. 

Similarly we plot the load schedules for the single-phase and 
three-phase alternating current. 

Parallel with the work of the main power systems and lay-out 
of the equipment, a general diagram is created for arranging the 
principal units and communications of the electrical equipment con- 
ductors. The diagram is drawn on the two basic projections of the air- 
craft with seprrate outside details of the characteristic unit ar- 
rangement groups, blocks and passages through places crowded to ca- 
pacity with other equipment. A specially thorough work over to the 
places were the possibility of damage to electrical equipment is 
the most probable, is given. 

Table 3. 
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1. Number of flight stage. 
2. Length of flight stage, 
3. Nature of work (dis- 

charging, charging). 
4. Mean value of current 

discharge. 
5. Discharge capacity ex- 

panded. 

8. 

6. Electrolyte temperature. 
7. Remainder of capacity from 

the previous stage in % 
of the rated capacity. 

Reduced rated capacity of the 
battery with a prescribed 
current and temperature. 

9. Delivered or received capacity 
value in % of the rated. 

10. Residual capacity at the end 

of a stage in % of the rated. 

- 450 - 

I 
O 



After carrying out the graphic and calculating works, a brief 
description Is made In which the wotklng principle of the systems, 
main electrical parameters, design and operating features are re-' 
fleeted. 
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