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Page 1.

ELECTRICAL EQUIPMENT OF ELECTRLICAL STATIONS AND SUBSTATIONS. In two

volumes,

FPirst volume.

L. N. Baptidanov and V. I. Tarasov,
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Page 4.

Fundamental electrical equipment of electrical stations and

substations publication the third, revorked.

It is allowed by the adaministration of the secondary special
educational insti*utions of the Ministry of Higher education of the

USSR as textbook for eneryy tecnnical schools.

Page 5 No Typing.

Page 6.

The lescription of many parts of electrical egquipaent is omitted on
the assumption that with them the students will become acquainted in

practical training.

In textbook is illuminated mainly new electrical equipament of
domestic manufacture. In the part of the diagrams of electrical
connections, constructions/designs of distributors and other
questions in textbook are set forth predominantly those solutions,
wvhich obtained uses/application in the Soviet Union or have the

prospects for further putting anto practice. Is given attention to

ey S A bo——_ o _o— b i L
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the contemporary tendencies in a matter of installation and equipment
of electrics of the stations and substations in accordance with the
technical policy of the directive organizaticns of the Soviet Union

in this question.

In appendices are given the characteristics of fundamental
electrical eguipm2nt of domestic manufacture which can be used for

exercises and during training design.

The material of presaut textbook, necessary for studying

separate specialtias, is deterained by the prcgram of the course of

the corresponding specialty. The structure of textbook accepted makes

it possible to0 easily isclate tanis material.

The authors hope that, as in the preceding/previous
publications, th= book will find use also as textbook for the
studants of th2 electrical specialties of the technical institutes
vhere the course "electrical egquipment of electrical stations and

substations" is not profiling.

In the first volume are presented the general information about
electrical stations, substations and systems and is in detail
examined their fundamental electrical equipment (see further the

content of volume).
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The secondly that are referred the diagrams of the electrical
connections, their own of need and construction/design of the
distributors of electrical stations and substations, base of relaying

and system automation and some other questions.

The preceding/previous publications of textbook is obtained each
many critical observations and wishes from students and teachers of
different educational institutions, and also from the
technical-engineering workers of power systems and planning
organizations. All these observations and wishes of the readers the
authors accepted with appréclation and, as far as possible, they
considered during the treatment/processing of textbook. The authors
hope also for further creative friendship with their readers, and all
observations about the ccntent of textbook and the procedure of the

presentation of separate questions will accept with appreciation.

These wishes and cbservations we request to guide aiming at

Gosenergoizdat: Moscow, 2Zh-144, Shlyuzovaya quay, 10.

In conclusion tha authors express heart appreciation to all
institutions and people, politely making available to them a numbe:

of valuable materials.

e
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. R e i v

In the first volume by V. L. Tarasov they are written §22-7 and

to chapter 23. Fntire other is written by L. N. Baptidanov,

Authors. =

pages 7-8. No Typiung. {
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Page 9.

Chapter One.

ELECTRIFICATION OF THE USSK.

1-1. Electro-2nergetics of pre-revolutionary FRussia.

The wide and diverse use/application of electric power in all
fields of national econcomy and mode of life is explained by the
series/row of its very essential advantages in comparison with other
forms of the energy: possibility of economical transmission to
considerable distances, simplicity of conversion into other forms of
energy (thermal, mechanical, light, chemical, etc.), simplicity of

distribution bestween any number of users of any power, etc.

High valus has the capability of use for the production of
electric power nf the local fuels/propellants (brown coal, peat,
schist, etc.), which contain a large quantity of moisture and
incombustible substances and which possass small calorific value
vhose transpor+ up to considerable distances is economically
unsuitable, and also eneryy of rivers for installing the

hydroelectric power plants, which develop cheap electric power,

vt
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It is difficult to visualize the life of contemporary society
without electric power, the society wvhose economic and cultural
development in many respects is caused by the precisely wide

application of electric power.

Russian scientists and engineers greatly much made both in the
region of devaloping theoretical questions of electrical engineering
and in the region of the practical usesapplication of electricity in

industry and for illumination.

The discovery/opening electric arc by V. V. Petrov (1802),
invention by P. N. Yablcchkov electrical arc candle (1876) and by A.
N. Lodygin incandescent lamps (1373-1874) initiated to the

uses/application of electricity for purpnses of illumination.

Creatior by acad. B. S, Jaconl and the first in practice
applicable electric motor with rotary motion (1'834-1837), invention
by them galvanoplastics (1838), invention by N. N. Benardos the
electric welding of metals (1882) placed the basis of the industrial

use of electric power.

The work of ¢he academicians E. Kh. Lentz and B. S. Jacobi into
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field of the theory of electrical machines, establishment by E. Kh,
Lentz the reciprocity principle of electrical machines (1833-1838),
development by Yablochkov, Poleshko, Chikolov, Lachinov, etc. of the
original constructions/designs of the electrical machines of direct
and alternating current initiated to the creation of the electrical

machines, suitable for industrial operation.

In Russia were carcied out also the first experiments of
electric transmission up to distance (F. A. Pirotskiy, 1874-1876) and {
are for the first time devaloped the theoretical bases of electric

transmission up to great distances (D. A. Lachinov, 1880).

Thus, to the middle of the 80's were created all technical
capabilities for transition/junction to the centralized power supply.
Begins the installation of the power plants, which obtained at that

time the name of the power houses.

The first power houses of direct curient with a pover of into

several ten, but later several hundred kilowatts were constructed in
the 80th and in the beginning of the 90's in Moscow, Petersburg,
tsarist village (now g. Pushkin) and in the series/row of other
cities. These power plants parely had power locad, and only since 1892
wvhen they were started electricai trolley in Kiev (first trolley in

Russia), appears certain power load in the stations of direct
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current.

The small voltage of the stations of direct curreant (110-220c)
limited a radius of their action, and thereby also their powver.
Different attempts at the increase in the radius of action of the
stations of direct current by increasing the voltage of the
generator, series connection of generators, use/application of
storage batteries in the places of the consumption of electric powver,
etc., proved to be little aconomical and very complicated anad

therefore propagation did not obtain.
Page 10.

The power plants of single-phase alternating current for the
first time aros2 in connection with the use/application of candles of
Yablochkov. However, initially alternating current did not obtain any
considerable use/application, since it wvas insufficiently studied.
Moreover, in those year yat were not designed suitable for practical

purposes alternating-current motors.

Tendency toward of tae increasing centralization of powver supply
and the economic difficulty of achieving this or direct current again
forced tc turn to alternating current. The invention of power

transformer (P. N. Yablocnkov, 1376) offered the possibility of

PRI NS - tioatilh
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applying alternating high-tension current and considerable increase

in the radius of action of power stations,

The first power housas of single-phase alternating current by
voltage 2-2.4 kV were constructed in Odessa (1887), tsarist village

(1890), Petersburg (1894) and series/row of other cities,

By critical moment/torque in the development of power supply
generally and power plants was in particular creation during the
years 1888-1889 51 outstanding Russian engineer M. O. Dolivo-Dobrov
the system of three-phase alternating current, With it vere for the
first time created three-phase alternators, t'ree-phase transformers
and, which is osvecially iamportant, three-phase asynchronous electric
motors with tha short-circuited and phase-wound rotor. The excellent
qualities of asynchronous electric motors offered the possibility of
their widest use/application into industry, possibility of the
conversion of industry on the new, more advanced energy base.
Three-phase current proved to be technically and econoaically more

advisable for the realization of remote electric powver lines.

In 1891 M, O. Dolivo-Dobrov constructed the first three-phase
electric power line hy voltage 15 kV and length of 170 km from
Laupheim to Frankfurt-on-Main, which demcnstrated the indisputable

advantages of the three-phase current for transmission to great
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distances with high voltage. Line was supplied from generator in

power 230 kVA by voltage 95 ¢ tarough the steg-up transformer.

The advantages of three-phase current prcved to be such
considerable that already with the second half the 90's was begun the
wide construction of the poder plants of three-phase current and the

gradual displacement by them of the stations of single-phase and

direct current. For a direct current remained the coamparatively
limited field of application - different electrochemical processes
(electrolysis, galvanoplastics, etc.) and electrification of rail
transport. In this case direct current, as a rule, they began to
obtain not from the special stations of direct current, but by the
transformation of three-phase current into constant with the aid of

dynamotors and single~armature converters, {

Russia's first power plant of three-phase current in power 1200
kVA was constructed by eng. A. N. Shchensnovich in 1893 in
Novorossisk. Station was intended for the electrification of

elevator.

In 1896 VvV, N, Chikolev and R. E. Klasson realized an

]
b

alectrification of the Okhten powder plant in Petersburg froa
hydroelectric power plant on r. Okht, on vhich were

astablisted/installed *twc generacors in total power 295 kW with




DOC = 79134801 PAGE \';

voltage 2050 in. This vas Russia'’s first powver plant of three-phase

high-tension current.

The fundamental builder of Okhten installation, the outstanding
Russian enginear f. E. Klasson not only created the nev type of the
pover plant, which was subsequently sample/specimen during the
installation of the stations of three-phase current, but also for the
first time in the world was carried out the composite power supply of

plant on the base of the new technique of three-phase current.

In 1897 on Lenskiy gold mines vas constructed the electric power

line of three-phase current by voltage 10 kV.

From this time in Russia was begun the development of the
electrical devices of three-phase current, the widespread
introduction of electric motors into industry and its reconstruction

on the basis of electrification.

In Moscow in 1897 was started the new power house of the
three-phase current of "Sbciety 1886" (ncv 1st MGES) in power 3300 kW
with voltage generators 2.1 kV, that supplied by electric pover of
users in a radius to 5 km. The builder of this station was also R. E,
Klasson, who continued the initiated by it on Okhten installation

introduction of new technical principles into electrical engineering.




DOC = 79134801 PAGE ]‘b

Page 11,

Petersburg's first station of three-phase current (now 1st LGES)

in power 5000 kW with generator voltage 2 kV was started in 1898.

The power plants of taree-phase current were constructed also in

Kiev, Riga, Kharkov and series/row of other cities.

By important stage in the development of powver supply
three-phase current was installation during the years 1900-1902 R, E.
Klasson with the participation of L. B. Krasin in Baku of two
large/coarse for those times pover plants (now "Red Star" and im. L.
B. Krasin), which worked on the general/common/total electric systen
by voltage 20 kV, from which was realized the power supply of
petroleum trades. Later tnan the electric system by voltage 20 kV

they were installed in Donbass and Bryansk.

Characteristic for the development of thermal power plants in
the first decads of XX century was all increasing use/application by
them of steam turbines, possessiny the series/rov of essential
advantages in comparison with steam engines (is more econoaical, more

reliable, more the rotational speed, are less overall sizes, are
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siapler drift/care, etc.), and in connection with this a rapid

increase in the power cf separate power plants.

Since powerful thermal power plants require for their work of a
large quantity of water and supply of a large quantity of
fuel/propellant, then during this period powerfulthick stations
begin to install out of the territory of cities - in their outskirts

or near ma jor =2nterprises.

Subsequently the successful development of the electrical

industry, especially in the region of electrical equipment of high

voltages, revealed the possibility of transition/junction to the new
system of powar supply from the powerful/thick district thermal powver
plants, planned near the places of the deposits of fuel/propellant,
and also from powerful/thick hydroelectric power plants, with the
transmission of manufactured by them electric power to users along

the electric power lines of high vcltage.

During the years 1912-1914 R. E. Klasson was constructed
district power plant in power 15000 k¥ in 70 km from Moscow, obtained
name "power transmission" (now GRES [ 'P3C - state regional electric
povwer plant) the name of Kiasson). From this station electric powver
was transmitted to Moscow alony the transmission line by voltage 70

k¥. This was first in the world local exchange on peat. However, the




~
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construction of district powver plants was swept in our country only

after the great October Socialist Revolution.

After feeding/conducting the totals of the development of
al ectro-energetics in pre-revolutionary Russia, it is necessary to
note that, in spite of tha enormous contribution of the Russian
scientists and engineers to a matter of development the
electro-energe*ticists, the general/common/total level of the electric
povwer economy of Russia it was very low. So, the installed pover of
all power plants of Russia in 1913 composed only of approximately
1100 M¥ in the production of the electric pcwer of approximately 2
billion kWeh, or about 14 kWeh to man per annum. On the output level

of electric power Russia occupied the 15th place in the world.

Povwerful/thick hydroelectric pover plants in Russia it wvas not
at all; ths total power of small/fine hydroelectric power plants was

only 16 MW with annual output approximately 40 mln. kWeh,

All thermal power plants were urban either industrial and worked
at oil or high-2nergy lcng-range stone angle - donets and even

imported.

The only power plant, which had district value and which vorked

on local fuel/propellant - peat, was power plant indicated above
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wElektroperedacha".

The power of the majority of thermal powver plants was small -
hundreds of kilowatts, Only several thermal powver plants available
capacity on 30-40 MW. Tne maximum pover of steam turbine units wvas 10
MW, boiler steam capacity did not exceed 20-30 t/h at pressure of
vapor to 12-16 atm(abs.) and teaperature of its overheating to

300-350°C.

The efficiency/cost-effectiveness of power plants was low. So,
on the power plants of the yeneral/common/total use, which were most
large/coarse and ralatively more economical the average/mean specific
consumption of cool equivalent ! it compcsed
approximately/2xemplarily 1100 yskWeh, to which corresponded heat
rate 1,1¢7000=7700 kcal/kWeh and tne average efficiency of stations

€60/7700) 100~~110/0.

POOTNOTE !, As cool equivalent they accept fuel/propellant with

enthalpy 7000 kcal/kg. ENDFOOTNOTE.

The total length of electric pcwer lines by voltage 11-70 kV

composed only of approxisately 185 km.
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The fundamental reasons for the such weak energy basis of
pre-revolutionary Russia were its industrial backwardness and almost

full/total/complete absence of its own energy industry.
Page 12,
1-2. Electrification of tae USSR during the years 1917-1958.

The economic base of Communist society is heavy industry -
industry, which produces the means of production, and first of all

machine-building, metallurgical, fuel, energy, etc.

Indispensable the conditions tor the development of heavy
industry and, consequently, also other branches of national econony
are wide mechanization and automation of production processes,
continuous perfection cf instruments and means of labor, permanent
use/application of the newest technology, which gives the greatest
savings of the expenditures of public work and every possible its

facilitation.

The newest technology is compulsorily connected with electric

povwer, this most ideal by form energy, which makes it possible to

very simply and economically realize mechanization of labor.
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Only on the basis of the use/application of electric pover is
possible the craation of conteaporary automatic machines,
large/coarse flow and automatad productions, hundreds times of those

increasing labor productivity and facilitating the work of man.

V. I. Lenin repeatedly emphasized the converting role of
electric power, its value for the industrialization of the country,
for the construction of Communist society. In 1921 he wrote: "{he
sole material base of socialisam can be the large/coarse machine
industry, capable of reoryanizing and farming... Appropriate level of
the newest technology and capable of reorganizing farming large scale

industry is an electrification of the entire country®" 1!,

FOOTNOTE !'. V. I. Lenin, works, publ. the 4ths, Vol. 32, page 434,

1952. ENDFOOTNOTE.

By electrification V. I. Leniu understood not the construction
of separate power plants in different regions of the country, but the
plarned elactrification of the entire country, all branches of

national economy, includaing faraing.

Attaching much importance to electrification of the country, the
Communist Party ard the Soviet government approached its realization

in the first years after Jreat October Socialist revolution as early

s A & e < e A wene

e e
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as the year of civil war and foreign intervention. During the i
subsequent years was swept the planned electrification of the entire ?
country whose rates of the five-year period in fiva-year period !

rapidly grew,

Within the tima of civil war and foreign intervention

{1918-1920), the power systea management of the country arrived into
the large decline; in 1921 the electric energy generation coaposed

only of 0.5 billion kWeh, 1

During April 1918 Lty the Council of Peoples! Commissars was
accept the solution about the expansion of Moscow power plant “power
transmission”; in the summer of 1918 was begun the construction of
Volkhov hydroelectric pow2r plant, in the fall of 1918 - a Shatura
district power plant on peat, while during July 1919 - a Kashira

district power plant at Moscow anyle.

During February 1920 on the proposition of V. I. Lenin the
session of VPsIK [BLHUK - All-russian Central Executive Coanmjttee
(1917-1936) ] made a decision about the development of the plan/layout

of Russia's elactrification. Was formed the special board into

composition of which entered the outstanding workers of the

electrification of the USSKR: G. M. Krzhianovskiy, M. A. Shatelen, G.

0. Graftio, K. A, Krug, I. 6. Aleksandrov, A. V. Winther, R. E.




DOC = 79134801 PAGE Q0

KfaiSCO, V. F. Mitkevich et al. under V. I. Lenin's management/manual
the board developed the state plan of electrification of Russia -
plan/layou*t of GOELRO [TO3JIPO,- Sstate Commission for the
Electrification of Russia] which on 20 December, 1920, on V. I.
Lenin's proposition was aftfirmed by VIIT by the All-Russian

congress/deascent of councils.

In his report at VIILI thae All-Russian congress/descent of
councils V. I. Lenin spoke: “In my view, this - our second progras of
party/batch... dommunism - this is the Soviet regime plus the

electrification of the entire country" 2,

FOOTNOTE 2. V. I. Lenin, works, publ. the 4ths, Vol. 31, page

482-484, 1952. ENDFOOTNOTE.

The plan/layout of GOELRO provided for an increase of the space
of industrial production in the country approximately/exeamplarily 2
times in comparison with 1913. This fundamental increase in the
indus*ry, medullary of entire plans/layout, was the planned during
10-15 years installation ot 30 district power plants in different
reqions of the country with a total power of 1750 MW. Electric energy
gereration it was assumed to bring to 8.8 billion kWeh per annua. The
plan/layout of GOFLRO planned the wide use of local low-calorie

fuel/propellan* (peat, brown coals, etc.) and energy of rivers. The

p—
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total power of the planned hydroelectric power plants must be to be

640 MW, including Volkhov, two Svirsk, Dneprovsk.

The plan/layout of GOELRO 1unstalled the paths of the basic
socialist retuning of the entire economy of the country. This was the

first national-economic plan/layout of our socialist state.
Page 13,

The first-borns of Soviet electrification they were: Kashira
district power plant at Moscow angle (1922), Shatura district powver
plant on peat (1925), Leningrad district of electric power plant "Red
October" on peat (1922), Volkhov (1926) and Zemo-Avchal'skaya (1927),

hydroelectric power plant and many others.

During May 1922 was put 1nto operation first grade in the USSR

the electric power line by voltage 110 kV Kashira-Moscow,.

The plan/layout of GOELRO was carried out to 1 January, 1931,
i.e., in 10 years., The by this tima installed power of all powver
plants achievad 2880 MW; electric energy generation for the year 1930

was 8.4 billion kWeh f-1).

In the year of the realization of the plan/layout of GOELRO

‘s
E
|
&
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primary attention was directed toward the installation of

powerful/thick district thermal and hydraulic power plants.

Many industrial enterprises raquire for their technological
process of a large quantity of thermal energy in the foram of vapor or
hot water (chemical plants, textile factories, etc.). Purthermore, a
larg2 quantity of thermal eneryy is required in cities and in
anterprises for purposes of heating. With the power supply of users
from district power plants their heat supply was accomplished from
the local boiler installations, plarned with enterprises and separate
houses and worked, as a rule, on imported high-energy
fuel/propellant. In connection with this it proved to be economically
more advisable to pass to the composite centralized supply of the
users of thermal and electrical from the heat and powver plants (for

greater detail, see § 2-2.).

The beginning of district heating in the USSR is pertained to
the year 1924, when was flufffed the first central heating
installation on one of the Leningrad power plants. In 1931 by TsK VKP
(b) was carried out the special solution about every possible
developmen* of district heating. From this time the powvering of users
in the Scviet Union rests not only at re2gion thermal and hydraulic
stations, but also on heat and power plants. The power of the latter

is datermined, in essence, on the basis of the requirement of users

U —
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for thermal energy. Fntire/all missing electric power is developed on

district power plants.

Since the transmission of thermal energy up to large distances
it was difficultly make as a result of the large heat losses in
conduits/manifolds, then heat and power plants wers installed in
immediate proximity of the users of thermal and electrical energy -

near or in the territory of cities and major enterprises.

Very rapidly power engyineering of the USSR vas developed in the
year three first five-year plans. In pre-war 1940 the installed powver
of all power plants of the USSR achieved 11200 MW with the annual

output of electric power of 48.3 billion kWeh ﬁ—1 and 1-2).

Large damage to Scviet power engdineering was plotted/applied in
the course of the Great Patriotic War when in south and west of the
country were destroyed 61 larye/coarse pover plant to the total power
of 5000 MW, which was approximately 450/0 of entire prewvar power of
power plants of the Soviet Union. Purthermore, they were failing to
10 thousand km of the main-line electric power lines of high voltages
and a very large number cf different substations. Simultaneously
during the years 1942-1944 in the East regions of the country were

introduced on power plants of approximately 3400 HW of new power.
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After the termination of war the power system management was
developed with the intensive rates, and as lcng ago as in 1946 g.
according to installed fpower (12400 MW) and annual output of the
electric power (48,6 billion kWeh) was achieved/reached level of 1940

to 1950 were restored/reduced all power plants, destroyed during war.

In 1958 all power plants of the USSR manufactured about 233
billion kWeh, or more than 1100 kWeh to man per annum, The installed
power of power plants tcward the end of 1958 vas about 53000 MW. Only
in latter/last 7 years (1952-1958) the |
consumption/production/generation of the electric power increased
more than 2.2 times, and the installed power of stations -

approximately/esxemplarily 2.4 times.

on the production of electric power of the USSR occupies the
first place in Furope and the second place in the world - after the
USA where in 1957 were manufactured electric power c¢f 716 billion
kWeh, or about 4250 kWeh to man per annum. The installed power of all

pover plants of the USA in 1957 exceeded 140000 MW.

In 1958 in the industry of the USSR more than 90o/0 machines
(according to power) were yiven in motion by electricity. On the
basis of electrification widely is mechanized not only entire coamplex

of production processes, but also processes of auxiliary ones -

N P
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transport, loading-unloading, repair, etc. More than two thirds
entire aanufactured by fpower plants electric power are
expended/consumed in industry.

Page 14,

In the technological needs of industry (electrochemistry,

electrometallurgy, etc.) are expended/consused more than 260/0

electric power, consumed by entire industry. *

In postwar years was considerably expanded the use/application

of electric povwer for everyday and public-service needs. Widely was

electrified urhan transport, from year to year vas expanded the

electrification of rail transport and agriculture.
Power engineering of the USSR is characterized by the wide use

of local fuels/propellants in hydroelectric energy. So, in 1955 it

vas manufactured electric power:

gn hydroelectric power plants, . 140/0

On thermo-elactric powers station, 860/0

of them on the power plants, using:




i
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coal_ hlo/o {

!
peat_To/o i,

petroleum fuel/propellant,.9o/0 !

gas..bo/o

other enerqy resourcss..20/0.

On thermal steam-turbine power plants in the same 1955 it vas !
manufactured by 80o/0 of antire electric power. In all at
steam-turbine and hydraulic stations it was manufactured
approximately/exemplarily by 94c/0 of electric powver. In the
fraction/portion of power plants with other types of engines it vas

necessary a total of of approxisately 6o/0 of manufactured electric

power. Hence it is apparent that the national economy of the USSR in

essence is electrified from the steam-turbine and hydroelectric

stations.

In 1957 on hydroelectric power planrts was manufactured somevhat

more than 39 billion kWeh, or approximately/exemplarily 190/0 of




DOC = 79134801 PAGE }'1

entire electric powar. The installed power of the hydroelectric power

plants on 1 January, 1958, was approximately 10000 8% (~200/0).

In the year of the Soviet regime in our country are constructed
hundreds of powerful/thick power plants E;3]. The highest
efficiency of district steam-turbine power plant in 1958 was 610 aW,

The highest efficiency of the found in operation turbine units in

1958 was 150 MW at vapor pressure 170 atm(abs.) and temperature of

overheating of vapor of 550°C. In 1958 Soviet plants mastered the !
production of the turbine units with a power of 200 MW. The first

turbine unit of this power will be put into use in 1959. Industry is
prepared for the production of the turbine units with a power of

220-300 MW and more.

Considerable development in thne USSR undervent district heating.
On the combinad consumption/production/generation of thermal anad
electrical energy on the heat and power plants of the USSR occupies
the first place in the world. In 1958 the centralized heat supply vas

realized in morea than 230 cities even 100 settlements. The total

power of central heating turbines on Soviet electric power plants in
1 1958 was approximately 13500 MW, with about 360o/0 of total power of
thermal power plants., Wide district heating of industry and cities

economizes to the national economy many million sink cool equivalent

per annum.
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The construction c¢f hydroelectric power plants underwvent
development in the USSR only in the year of the Soviet regime. Is
constructed many hydroelectric power plants: Volga im. V. I. Lenin
vith a power of 2300 MW, Gor'kiy - 400 MW and Rybinsk - 330 A% in
Volga, Kama - 504 MW in Kama, Tsimlyanskiy - 166 MW on Don, Dneprovsk
- 648 MW and Kakhovka - 312 MW in Dniepr, Mingechaurskiy - 356 MW on

Kur, Gyumushkiy - 224 M# on Razdan, Irkutsk - 660 MW on Angara, etc.

The Volga hydroelectric power plant im. V. I. Lenin, equipped by
20 hydroaggregat=2s in power on 115 MW, is most powerful/thick
hydroelectric power plant in the world. In the USA the largest is
Grand Coolie hydroelectric power plant on r. Columbine with a power

of 1974 nmu.

Great work is carried out also on the construction of
transformer substations and electric systems of all voltages. For the
characteristic of the volume of work on the ccnstruction of
transformer substations it suftices to indicate that, according to
the data of statistics, on 1 MW of the installed power of the
aggregates/units of power plants it is necessary to install
transformer substations to power to 4-5 MVA. For example, during the

annual putting into comaission on the power plants of the power of
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5000 MW it is necessary to install transformer substations to

enormous power - to 20000-25000 MVA.

The total length of electric systeamas only by voltage 35-400 kV

in 1958 compos=2d about 100000 km. The ceiling voltage of aerial lines
- 400 kv, cable - 110 kV. Electrical industry mastered the production

of the oil-filled cables to voltages to 220 kV inclusively.

Page 15,

Soviet industry in 1953 manufactured power transforsers
three~-phase in power toc 90 MVA inclusively, and single-phase - to
123.5 MVA, From the latter it is possible to complete three-phase

groups in power to 370 MVA and by voltage to 400 kv. The highest

efficiency of three-phase autotransformers - 180 MVA, and
single-phase - 167 MVA from which it is possible to compose

three-phase groups in power to 500 MVA.

On electrical stations and substations of the USSR continuously
is introduced new, ever more advanced and economical equipment. So,
at thermal power plants all more widely apply vapor of high pressure
and high temperature of the overheating (see § 2-2). Are applied ever
more povwerful/thick agqgregates/units and they install ever

large/coarser power plants. In recent years powerful/thick
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turbogenerators and synchronous condensers make predominantly with
hydrogen cooling. Increasingly more widely is automated production

process both in the part of the thermopower or water-power and in the

part of electrical, As a result of accumulation and analysis of
operating experience continuously is improved equipment maintenance, o

are introduced ever more advanced methods of its operation.

As a result of those indicated, and also series/row of other
actions the average/mean specific consunption of cool equivalent per
the manufactured kilowatt-nour of electric power on the thermal
district power plants, which are the fundamental sources of power
supply, was lowered from 57b g/kWeh in 1945 to 450 g/kWeh in 1957, On
separate powerful/thick condensation power plants the specific fuel
consumption in 1957 composed 420-400 g/kWeh and less. Decrease in the
specific fuel ~onsumptions per power plants gives to the country

savings into several million toms of fuel/propellant per annun,

By the considerable achievement of Soviet power engineering vas

launching/starting in 1954 in the USSR the first in the world powver

plant in power 5000 kW on atomic energy. In 1958 is introduced in

operation the first turn by the power of 100 MW of the second atoamic
power plant whose total power will be 600 MW. This is the

|
: large/coarsest in the world atomic power plant.
|
n
|
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For the purpos2 of an increase in efficiency/cost-effectiveness
and reliability of power supply and on the series/row of other
reasons (for greater detail, see §3-4), all these years in different

regions of the country was realized the wide association of power

plants for a combined (paiallel) work on the general/cosmon/total
electric systems of high voltage - they were created power systems.
In the last two decades occurs the gradual association of adjacent
pover systeamas by the electric power lines of very high voltages and
the creation of the large integrated systems by total pover into

several million kilowatts.

Even in the plan/layout of GOELRO, which personified brilliant
ideas and electrifications of the socialist ccuntry, were outlined
those main trends, in which thus already 40 years is developed Soviet

power engineering and which briefly can be formulated as follows:

1. Electrification not of the separate chosen regions, but of
the entire country, every possible development and reinforcement of
economy and culture of union republics, the use of the richest raw

and energy resources/lifetimes of the distant regions.

2. Systematic electrification of all branches of national

economy, including agriculture, culture and mcde of life.

W -
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3. Anticipating/leading rates developments of electrification;

creation of reserve of electrical povwer,

4, Fvery possible use of local fuel/propellant by construction
near places of yield of fuel/propellant of powerful/thick thermal

pover plants.

5. Wide construction of hydroelectric power plants.
6. FEvery possible development of district heating.

7. Systematic introduction of nevwest technology: vapor of high
parameters, evar more powerful/thick and more ideal aggregates/units,

automation of production processes, etc.

8. Composite soluticn of national-economic problems during
construction of power plants, for example: with hydroelectric power
plants - clectric energy gyeneration, improvement in navigation and in
number of cases irrigaticn and irrigation of arid earth/ground; in
thermal power plants - electrocheaical use of fuel/propellant, i.e.,
obtaining from fuel/propellant of combustible gas and resins and use

of fuel remainder for electric energy generation.

9., Association of power plants for multiple operation and




poC = 79134801 PAGE 93

creation of power systems; gradual association of powver systems and

creation of power pool system of Soviet Union (YeES). ,l
Page 16.

1-3, Seven-y~ar plan/laycut of the electrification of the USSR.

The development of Soviet power engineering to the next 7 years
is determined by the check dijits of thw development of the national
economy of the USSR during the years 1959-1965, affirmed by XXI

Congress of KPSS [ KIICC. - CPsU ].

Primary task of seven-year plan/layout are "further
power ful/thick lift of all pranches of the economy on the basis of a
preferred increase in the heavy industry, considerable aamplification
of the economic potential «f the country in order to ensure a

continuous rise the standard of living of people.

As a rasul* of the fulrfillment of this plan will made the
decisive step/pitch in the creation of the material and technical
basis of communism and ia the accomplishment of the fundamental
aconomic problem of the USSR - within historically shortest periods
overtake and outdistance tne most developed capitalist countries in

production per capita of population" 1!,
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FOOTNOTE !. The check digits of the development of the national :
economy of the USSR during the years 1959-1965, "Pravda", No 39 of 3

February, 1959. ENDFOOTNOTE.

A

ﬁﬁ; gross output of industry iu 1965 in comparison with 1958
™~
grows/rises approximately/exemplarily to 80o/c, including production

of the means of production - approximately/exeaplarily to 85-880/0,

and the production of consumer goods - approximately/exemplarily to

62-650/01

For the purpose of every possible acceleration of the economic

development of the country and maximum gain in time in peaceful

a——

economic competition with the capitalist countries seven-year
plan/layout provid=ss for a preferred increase in those branches of
the heavy industry which to the greatest degree contribute to further
rapid 1ift of national economy. For the development of power

engineering important val"e has the provided by plan/layout change in

the structure of heat balance by the priority development of yield i

and production of the most economical forms of fuel/propellant - oil

and jas. The shave of 01l and yas in the total volume of the

f production of fuel/propellant will increase from 310/0 in 1958 to

51o0/0 in 1965, while the share of carbon/coal respectively wvwill be




DOC = 79134801 PAGE 66

lovered from 59 to 43o,/0. This will make it possible in the current
seventh anniversary to considerably expand the use/application of
natural gas and petroleum residue as power house fuel on powver
plants, which will give the series/row of the economic advantages:
the decrease of the pericds of construction and initial costs of
power plants, d=crease of the number of operating personnel,
reduction in the prime ccst of electric power, etc., about which it

is in more detail stated in § 2-2.

In accordance with the established/installed increase in the
industrial production is dssigned the development of pover
engineering of *he country. During a seven-year period the annual
output of electric power by all power plants of the USSR must
increase approximately/exemplarily 2.2 times and in 1965 be 500-520
billion kWeh (approximately/exemplarily 2260 kWeh to man per annunm).
The installed power of all power plants for seventh anniversary
jrows/rises more than 2 times. Jn turbine power plants will be only
introduced the new power of 53000-60000 MW, that will exceed the
total power of all power plants of the USSR into 1958 the yearly
putting into commission of new power on rpowvwer plants it will achieve

the enormous value: 8000-11000 NW.

So considerable an increase in the power of power plants can be

achieved/reached only on the pasis of the preferred construction of

S .
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the large/coarse thermal power plants, vwhich work on cheap
carbon/coals, natural gas and petroleum residue. Should be noted the
impossibility of achievingy the same results on the basis of the
preferred construction of aydroelectric power plants as a result of
the fact that the periods of construction and expenditure for the
construction of hydroelectric powar plants are considerably more than

the thermal power plants of the same power (see § 2-3).

Based on this, seven-year plan/layout it provides that a
fundamental gain of power plaants in the size/dimension of 47000-50000
MW will be achieved/reached mainly due to the construction of
large/coarse district condensation steam-turbine power plants in
power on 1000 MW and more, the equipped by a comparatively small
number turbine units in power 100, 150, 200 and 300 MW with the high
steam parameters and carried out on the simplest block thermal
circuit (boiler - turbine, see §2-2). At the construction of
large/coarse power plants are achieved the considerable decrease of
the periods of construction, of capital expenditures and number of
personnel, the decrease cf the prime cost of electric pover (see §

2"2) .

In different regions of the country have already been installed
la- .2/coarse district tower plants in power on 1000 MW and more:

Tom'-Usinskaya, Nazarovskaya, Belovskaya, etc. with turbine units

i

" )
3
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100, 150 and 200 MW. The first turbine units with a power of 200 AW
vill be put into use during the years 1959-1960. During the years
1960-1962 will be manufactured the turbine units with a power of

220-300 MW,

Is projected/designed the construction of thermal power plants
in power to 1800-2400 MW with turbine units in power on 300-600 MW
with the parameters of vapor to 300 atm(abs.) and 650°C at boiler

units by evaporation capacity to 1500-1800 t/hs.
Page 17.

For a comparison let us point out that in the USA the power of
separate thermal power plants reaches 1000-1500 MW in turbine units
in power to 250 MW, boiler units by evaporation capacity to 780 t/hs

and parameters of vapor to 300 atm(abs.) and 620°C.

puring the years 1959-1965 in operation they must be introduced
to the hydroelectric power plant: Stalingrad with a power of 2530 MW
(22 hydraulic generators on 115 MW) in Volga, fraternal with a power
of 4500 MW (20 hydraulic generators on 225 MW) on Angara, Votkinskiy
- 1000 MW in Kama, Kremenchug -625 MW in Dniepr, Bukhtarain - 525 uw

on the Irtysh and some others.
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In the year of seven year school will be also expanded/scanned
the construction of the series/rovw of large/coarse thermal and
hydraulic power plants with their introduction/input into operation
after 1965. From plannad during this period hydroelectric pover
plants of the largest will be Krasnoyarsk on the Yenisei with a power
of 5000 MW, at which will be established/installed the

hy droaggregates in power on 500 Mw.

FPor a seven-year period it is provided to place in operation the
series/row of powerful/thick atomic power plants with different types

of reactors.,

Together with powerful/thick power plants if necessary will be
installed the power plants of coamparatively lcw pover. So, for heat-
and power supply of cities and industrial enterprises is provided the
construction of heat and power plants with central heating turbine

units vwith a power of to 25-50, but subsequently and 100 NW.

In regions, not included by the electric systems of power
systems, will be installed also low-power powver plants for the power
supply of small users, mainly agricultural. Seven-year plan/layout

provided the construction of inter-kolkhoz and inter-district pover

plants with th2 enlistment of the uecans of kolkhozes.
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The extent of electrical networks by voltage 35-500 kV for
seventh anniversary will increase approximately/exemplarily 2.5-3
times and will achiave value on the order of 250-300 thousand kas. Is
in prospect the construction of an enormous number of transforser
substations of all possible power and all voltages to 500 kV

inclusively.

Together with further electrification of industry seven-year
plan/layout provides for a considerable improvement in the electro-
and heat supply of cities and electrification of all state faras,
repair- technical stations, kolkhozes and workers it is settlement.
Will be electrified approximately/exemplarily 20 thousand ka of
railroads. As a result of the fulfillment of seven-year plan to a
considerable degree will be realized the idea. V. I. Lenin about the

continuous electrification of the country.

As in the year of the previous five-year plans, must be provided
continuous raising the tecnnical level of electrical stations and
networks/qrids, creation and use/application of ever more advanced
aggregates/units, thermal, hydraulic engineering and electrical

equipment, more advanced constructive solutions, etc.

Before machine-building and slectrical engineering industries is

posed the problam of full of the guarantee nev energy construction

g A S b
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with entire necessary equipment. Transformer plants within the next
few years must create single-phases transformer and autotransforsers
in powver to 300 MVA inclusively for staffing of groups in powver to
900 MVA and three-phase transtformers and autotransformsers in power to

360-450 MVA to all voltages to 500 kv inclusively fi-s1.

The most important conditions of fulfilling the program of
energy construction are every possible improvement in the quality of
construction ones and are assembling works, reduction in the
cost/value and shortening the periods of construction. Por this is
necessary the introduction of the industrial methods of construction,
the wide application of composite constructions/designs, including
the precast reinforced concrete, rational simplification in the

thermal and electrical diagrams and layouts of power and electrical

aquipment, etc. It is very important to attain sharp acceleration and
reduction of prices of the construction of thersal and electrical
networks, electric power lines of nigh voltages, transforaer

substations.

Are such the large probleas, which into the next 7 years must be

solved by Soviet powver engineers.

il s e i i e im e
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Chapter Two.

BRIEF INFORMATION ABOUT EQUIPMENT AND OPERATICN OF ELECTRTCAL

STATIONS.

2-1. General information.

Blectric power is developed 1n special enterprises ~ the powver
plants, which convert into electric power other forms of the energy:
chemical energy of fuel/propellant, hydraulic powver, energy of the
vind, atomic energy, etc. Manufactured by station electric power is
transmitted by the air or cable lines of electric systems to
di fferent users: industrial, comaunal, agricultural, everyday ones,

etc.

Types of power plants. Depending on the utilized form of energy

distinguish power plants thermal, hydroelectric, atomic, wind, etc.

On thermal power plants is utilized solid, liquid and gaseous
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fuel., Depending on the kind of primary motor/engine, which revolves
electric generator, thermal power plants they are subdivided into
station with steam turbines, steas engines (engines), internal

combustion engines and gas rubies.

Stations with steam turbines, furthermore, they are subdividead

into condensation ones and ceatral heating ones,

The electrification of the USSR, as noted in §1-2, is realized
in essence from thermal steam-turbine power plants and hydroelectric
stations, Within the next few years considerable development will

undergo, apparently, also the atomic power plants.

According to the character of the users of electric pover and by
reqgion of the maintenance/servicing powvwer plant it is possible to
subdivide into: urban (public-service), industrial ones (factory and
plant), agricultural ones, district, special designation/purpose
(railroad, etc.). This subdivision is somevhat conditional for the
power plants, which work to the general/common/total network/grid of
the power system (see §3-4). For example, the connected with the
electric system of power system urban power plant, besides the
nourishaent of the users of city, usually puts out the part of

developed by it electric power into the electric system of the systea

vhere it is utilized for the nourishment of industrial, agricultural
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and other users., Then it is possible to speak also about other
stations, connected with the network/qrid of systes. Therefore,
relating station to one of the groups indicated, bear in mind

preferred character its loads.

The mode of operation of power plants is very peculiar and
essentially it differs from the mode/conditions of work of any
industrial enterprise. The power plant, connected vwith electric
consumers with electrical network (see §3~-2, Pig. 3-5), can develop
at each moment of time only this quantity of electric powver, what at
this moment of time consume all connected to its netwvork/grid
electrical receivers. There cannot be the productions of electric
power without i*s simultaneous consumption; therefore the load of
pover plant is determined by the povwer, simultaneously consumed by

all connected *to its network/grid electrical receivers,

Each user has the specific operating mode, with respect to what
changes his electrical load. The inconstancy of the use mode of
electric power leads alsoc to the varying load of electric energy
generation - the load of the generators of power plant changes in
accordance with a change in the load of its users.
variablesalternating is also the load of all intermediate

components/links of the transmission system and elsctrical pover

distribution: the electric power lines, substations, etc.

b,
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A change in th2 loads of power plants as any other electrical

devices, is convenient to depict graphically in the form of the

graphs/curves of the loads which are constructed in the rectanqular
coordinate axes, plotting/depositing along the axis of the ordinates
of load, and along the axis of abscissas - the time, during which
they are examined changes in loads. They most frequently use the
diurnal graphs/curves of loads. One of similar graphs/curves of

station is given in Fig. 2-1.
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Fig. 2-1. Diurnal graph/curve of the load of powver plant.

Key: (1) . Md. (2) 72.

Page 19,

The form of diurnal graph/curve depends on composition and mode of
operation of the receivers of electric power (for greater detail, see

chapter 4).

2-2, Thermal power plants,

Steam-turbine condensation power plants wvork on solid, liquid or
gaseous fuel, Most widely is utilized the solid fuel: carbon/coals of
different deposits, especially brown coal, coal fines, anthracite
fines and withdravals/departures of the enrichment of carbon/coals

(semi-finished product), bitumincus shale, cake and pilling peat,
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atc, On the use of local solid fuels for the electric energy

generation of the USSR occupies the first place in the world.

Solid fuel they burn in the furnaces of boilers in cake viev of
gratings (layer combustion) or in dustlike state (chamber
combustion). The best fignition method of local low-calorie

fuels /propellan*ts with higa ash contents and moisture is combustion

in dustlike state,

The layer combustion of solid fuel applies comparatively little
and usually vwith the becilers of small evaporation capacity and to the

low parameters of stean.

As gas fuel/propellant utilize a natural gas, and at the
stations of metallurgical plants - also domain and coke gases. In
certain cases the gas utilizes as a supplementary fuel/propellant to

solid or liquid, which 1s fundamental.

The use/application of a natural gas on power plants
economjcally is very eftective: approximately/exeaplarily to 200/0
decrease initial costs of station due to sharp simplification and
reduction of prices of the fuel economy of station and several times
decreases the prime cost of elactric povwer as a result of

considerably smaller expendituras on fuel/propellant, decreases of

it e =
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the number of personnel and decrease in the depreciation allowance.

Because of the absence of bulky carbon storages, coal feeds, ash
removal and ash collection, crushing and mill devices/equipment,
necessary during *he combustion of carbon/coal, not only decrease
initial costs nf stations on gas, but also substantially are reduced
the periods of their installation - on the average on 8-10 mo., vwhich

considerably accelerates the putting into commission of new power.

The efficiency c¢f boiier units on gas is raised by 4-50/0 due to
the absence of the heat losses as a result of mechanical incoaplete

burning and decrease in tne heat losses with stack gases.

The number of service personnel is reduced not only due to
simplification in the fuel economy, but also as a result of the
possibility of the wider automation of bciler units which during the
combustion of gas is realized considerably sispler and it is cheaper,

rather than during the ccmbustion of carbon/coal.

Prime cos* of the natural gas considerably lover than prime cost
of carbon/ccal. For example, with translatiom on 1 t of cool
equivalent it proves to be that the prime cost of natural gas is

15-20 times less than the prime cost of donets carbon/coal. Transport

with the aid of the gas pipes 1 t of conditional gas fuel/propellant

o, e P -
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is approximately/exemplarily 8 times cheaper than 1 t of carbon/coal.

With gas fuel/propellant considerably is reduced tha expenditure

of electric power for its own needs of station.

Taking into account advantages indicated above of gas as pover
house fuel, and also the provided by seven-year plan/layout increase
in the yield of natural gas, is planned into 1959-1965 to sharply
increase the us2 of a natural gas for electric energy generation,
While in 1957 on the power plants, gas-fired, were manufactured less
than 16 billion kWeh (approximately/exemplarily 7.50/0 of entire
consumption/production/generation), then intoc 1965 electric energy
generation at such stations it must increase not less than 5 times
and be approximately/exemplarily 80-90 billion kWeh (15-180/0 of

entire consumption/production/generation).

The use of gas on urban and industrial heat and power plants
considerably improves sanitary-hygienic conditions, since is removed
the contamination of the territories of cities and enterprises by

ascapes with flue gases,

In 1959-1965 is projected/designed the installation of the
number of the hsat and power plamts, equipped by gas turbines. At

present Soviet plants manufacture gas turbines in powver to 25 MW and

L N T i T . D . -
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they project/design with the power of 50 MW.

In connection with the outlined for seventh anniversary
1959-1965 the increase ot the yearly yield of oil to 230-240 mln.
shows the possibility of using extensively as fuel/propellant for
poswer plants also petroleum residue, which gives |
approximately/exemplarily the same order of the advantage as the use
of a natural gas. First of all to petroleum residue it is expedient
to transfer all heat and power plants in oil refineries, and also
power plants, arranged/located in immediate proximity of them. 1Is
possible installation on petroleum residue also of powerful/thick

district power plants.
Page 20.

Gas and petroleum residue are introduced into the furnaces of
the boilers through turners (injector) and are burned in the form of

flame.

Fig. 2-2 gives the simplified flow chart of the simplest
steam-turbine power plant. From the storage of fuel/propellant 1 with
the aid of conveyer (usually strip/tape) cake carbon/coal U enters
carbon bunker 2, arranged/located in boiler rcom before boiler 4.

Prom bunker carbon/coal falls to the chain grate of furnace 3, where

& B e s
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it burns. The separating in furnace heat through the surfaces of
heating boiler is transaitted to the found in it water and generated

in it stean.

Gases G from furnace and boiler flues are exhausted by exhaust

fan 5 and through the chimney stack are rejected in the atmosphere.

et v —— v

Prom the boiler overheatad steam PP on steam pipe enters steans
turbine 6 and it gives it in rotation. Turbine revolves generator 7 Q
vhosa shaft is connected by clutch with the shaft of turbine.
Manufactured in generator electric power EE enters the collecting

mains SSh of generator voltage also from them - into electric systen

along the wasta/exiting lines.

In turbine the steaa passes a series/row of steps/stages,
completing the mechanical work; an this case pressure and its
enthalpy gradually they decrease. The work, completed by steanm in

turbine, depends from pressure difference in steam that comes the

turbine and emerging from the turbinre. The greater this pressure

difference, the large part of thermal energy of steam is converted

ey e T g —————— e <

) into mechanical energy in turbine. At certain pressure of steam, that
enters the turbine, pressure difference the greater, the less the
pressure of steam that emerges froa turbine, i.e., the less the

pressure of steam in capacitor/condenser 8. For asore
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full/totaler/more complete use of thermal energy of steam to more

advantageously support in turbine condenser subatmospheric pressure. [

The stagnation pressure of the exhaust steam in conteamporary
turbines is usually 0.04-0.03 atm({abs.), which is achieved by ) |
creation and permanent maintenance in the capacitor/condenser of 8

turbines of the corresponding rarefaction/evacuation (vacuum). For

this, first of all, necessary that the generated steam of OP, which
continuously enters the capacitor/condenser of 8 turbines, intensely gl
vould be cooled rapidly it would be condensed. Is reached this via
passage in a proper quantity through the tubes of the
capacitor/condenser of cold circulation water TsV, which supplies
circulating pump 9 of any pasin - river, pond, lake. Depending on the i

temperature of circulation water (by winter, suammer, etc.) a quantity

of it aust be 50-80 timas ot mor2 than a quantity of coming the

exhaust-steam condenser. ]

In the case of absence near the station of the
adequate/approaching basin is utilized one and the same space of

circulation water, but artiticially cooling it in any special

installations, for example tower-coolant (saltpan).

The air, which penetrates into capacitor/condenser together with

*he exhausti s%*eam and through leakages/loosenesses, is driven out by

LL—-—— N SRSV
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special steam-jet apparatus ~ e jector 10,

Forming in capacitor/conaenser 8 condensate K is evacuated by
condensate pump 11 intc supply tank 12. PFrom the latter the feed
water PY by feed puamap 13 is supplied into boiler 4. Thus, in
steam-turbine installation of feed wvater, vapor and condensate are
turned on closed cycle, taanks to which is provided the small

contamination of boiler,

The entering the exhaust-steam condenser even at stagnation
pressure 0.04-0.03 atm(abs.), contains an an even more considerable
quantity of unused heat whose larye part is absorbed by circulation
vater and is taken avay by it into basin, i.e., it is lost

unproductively.

—— g
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Fig. 2-2. sSimplified fundamental flow chart of steam-turbine

condensation power plant,

Key: (1) . Boiler room. (2). Waste/exiting lines. (3). Distributor.

(4) . Machine room.

Page 21,

v mmme e r—

Let us take in the form of an example the case when into turbine
it enters steam with initial pressure 90 atm(abs.) with temperature
of 500°C and enthalpy 816 kcal/kg. At the stagnation pressure of the
generatad steam 0.04 atm(abs.) its enthalpy are approximately 525 |
kcal/kg. From this quantity of heat only very small part, X

approximately/exemplarily 25-28 kcal/kg, returns with condensate to

A~
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the feed system of boiler. Nevertheless remaining heat,
approximately/exemplarily 525-25=500 kcal/kg, or (500/816) 100=610/0,
is lost unproductive with circulation water. As a result of a large
quantity of circulation water its temperature is small; therefore its

use for any purposes is virtualiy impossible.

The specific heat lcsses occur also in boiler units, steanm

pipes, turbines, generators and other elements/cells of power plant.

Because of this entire efficiency of the power plants, carried
out on diagram in Fig. 2-2, usually it is comparatively small and

does not exceed 16-180/0.

An increase in the efficieucy of condensation power plants is

achieved by the path:

1) the use/application of dustlike (chamber) combustion of the q

solid fuel;

2) preheating feed water vwith the use of heat of steam, the

partially mastered in turbine (the so-called regenerative preheating ?

of feed wvater), and also heat of the waste/exiting flue gases; !

3) preheating the entering the furnace boiler of air with the
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use of heat of the wasteysaxiting flue gases;

4) increase in the power of aggregates/units, since

power ful/thick aggregates/units have the larger efficiency;

5) increase in the parameters of steanm.

Pig. 2-3 gives the fundamental flow chart of steam-turbine

condensation power plant with the regenerative preheating of feed

water, using vaste heat and by worker on the coal dust. From storage

1 cake carbon/coal UK enters coal-crushing device/equipment 2, vhere
it passes through the crushers, which divide/mark off it into
small/fine pieces. If station works on the anthracite fines, then
crushing device/equipment does not install and tail froa storage 1

they transport directly into boiler.

Crushed carbon/coal UD eunters the carbon bunker of 3 of dust
peparing devices/equipment which normally is placed in boiler roonm.
Prom bunker 3 carbhon/coal falls into carbon mill 4, which grinds it
to dustlike state, Fros sill the coal dust UP either enters the
arranged/located on boiler bunker 5 of finished coal dust (system of
pulv ized coal preparation with intermediate pulverized coal

bunker), or directly through pulverized coal burners 7 it is injected

into the furnace of 8 toilers (system of pulverized coal preparation

_—— it ssiit o il B i ot i B
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without intermediate pulverized coal bunker).

Prom bunker 5 the coal dust UP is supplied by the feeders of

dust 6 and through burners 7 is injected into the furnace of boiler 9

by hot air VG, which is supplied by blast fan 13. The feeders of
bullet 6, that have electric-motor drive, make it possible to change 1
a quantity of carbon dust, which enters the furnace of boiler vith

its wvork with different evaporation capacity.

i ma — . f—
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Piq. 2-3'
plant, that vorks on the coal dust.
Boiler room. (2). Machine room,

(4).

(M.

increased voltage.

Keay:

35 kV into above,

Page 22,
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Pundamental flow chart of steam-turbine condensation power
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Hot air VG, necessary for the combustion of carbon bullet,
preliminarily passes through air heater 11, wvhere it is preheated by

the vaste/exiting flue gases G, which are exhausted from boiler flues

by exhaust fan 12. Cold air V takes away/gathers outside. Preheating
! air decreases the heat losses with waste gas and improves the process
of the conmbustion of the coal dust. In the furnace of boiler the coal
dust burns in suspension, foraming flame in the form of flame with i ]
very high temperature. Is provided a good combustion of any

fuel/propellant.

Prom boiler 9 into steam turbine 1% enters overheated steam PP,
Certain quantity of that partially generated in turbine of steam PO
(steam of selection) is abstracted/removed from the intermediate
steps/stages of turbine for preheating feed water. Remaining steanm
passes through the subsequent steps/stages of turbine. Completely
mastered in the turbine of steam OP enters capacitor/condenser 16,

| wvhere ‘it is condensed by circulation water TsV, supplied with

| circulating pump 18. The necessary rarefaction/evacuation in

capacitor/condenser supports steam ejectcr 17.

Prom turbine condenser the condensate K is puaped over by

condensate pump 19 into deaerator Z0.

Deaerator serves for distance from feed vater of the dissolved

L.
'.
]
i
§
i
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in it gases, especially atmospheric oxygen, since it causes intense
corrosion and rapid decomposition of the heating pipes of boiler,
tuhes of water heaters and feed conduits/manifolds. In feedwater
deaerator is preheated by steam PO from intermediate selection before
the temperature, with which 0ccu}s the intense isolation/liberation

of the dissolved in it gases.

From feedwater deaerator PV is evacuated by feed pump 21, On
path into bhoiler the feed water PV passes through several water
heaters (in the diagram is shown one water heater - 22), in which the
vater is preheated by steanm from the intermediate selections of
turbine. The entering in water heaters steas is condensed; condensate

KP is abstracted/removed 1into deaerator.

Condensation steam turbines have several intermediate selections
for preheating feed wvater. The regenerative preheating of feed vater
by steam from the intermediate selections of turbine significantly
raises the efficiency of powver plant. Is explained this by the fact
that selection from the intermediate steps/stages of the turbine of
the partially exhaust steam decreases a quantity of steam that enters
turbine condenser, and consequently, as this escape/ensues of that
presented above, and the heat loss with circulation vater. The heat,
vhich is contained in a pair of selection, returns with feed water to

boiler aggreqate/unit.
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Additionally feed water is preheated in the feed-wvater
economizer of 10 boilers with the use of heat of the waste/exiting
flue gases. Depending on pressure of steam in boiler the temperature
of feed water upon the input into boiler composes 160-2609C., The feed
of boilers by tha heated water 1mproves their work and raises their

efficiency/cost-effect iveness.

On power plants occur some losses of steam and condensate as a
result of the boil-offc and condensate in the system of equipment and
conduits/manifolds of station, certain expenditure of steam for
technical needs (blowout of boilers, heating of petroleum residue,
etc.), and also losses of steam and condensate with start and stop of
aquipment - boilers, turbines, etc. (to warm-up and purging of the
elemants/cells of boiler and steam pipes, the warm-up of turbines,
etc.) . Por the completicn/replenishment of these losses certain
quantity of damp/crude water SV is chemically cleaned in special

installation 23, whence supplementary water DV enters deaerator 20.

The efficiency of power plant increases during the
uses/application of aggregates/units of large powaer (boiler units and

turbine units), since powerful/thick aggregates/units are more

economical than small/fine.

—. s
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Great effect on the efficiency of power plant have the

parameters of steam: with an increase in the initial pressure and

temperature of overheating of steam the efficiency of station
increases. For an 2xample let us point out that the efficiency of
condensation power plants on pulverized coal fuel/propellant have the
approximately/exemplarily tollowing values: in the average parameters

of steam 29-35 atm(abs.) and 400-4¢35°C turbine units in pover to 50

MW to 25-280/0; in the high parameters of steam 90 atm(abs.) and
5009 and the turbine units with a power of S50-100 MW to 30-320/0; in
the superhigh parameters of steam 170-220 atm (abs.) and 550-650°C the

turbine units with a power of 100-300 MW to 38-40o/0.

An increase in the efficiency of power plant leads to the
decrease of the specific consumption of fuel (g/kWeh) or heat
(kcal/kWeh) to manufactured electric power, and consequently, to the

reduction of prices of electric power.

Thus, as a result of introduction everything of the more

advanced equipment the efficiency of power plants grows/rises,

Page 213,
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In spite of this, nevertheless it is necessary to note that even on
the very powerful/thick condeasation power plants of the high and

ultrahigh pressures only by 30-40o/0 of energy of fuel/propellant it
is utilized productively, i.e., it is converted into electric powver.
The others 70-600/0 energy of fuel/propellant are lost unproductive

in the process of the production of electric power.

Prom the aforesaid it is possible to draw the conclusion that
the installation of condensation power plants on long-range
fuel/propellant is econcmically inexpedient, On the
dismantled/selacted diagram at the USSR work and are installed mainly
district power plants on local fuel/propellant, since electric
transmission up to great distances to the places of its consumption
proves to be economically more advantageous, than transport along the
railroads of the low~calorie local fuel/propellant, which contains a

large quantity of ash and moisture.

Since district power plants usually are considerably distant
from the users of electric power, then developed by them electric
power is distributad by means of high-voltaqge electric powver lines by
voltage 35 kv and it is above, that encompass the coansiderable
reqions of field service - in a radius of several tens and even
hundreds of kilometers. In accordance with this in the diagram in

Pig. 2-3 it is shown that from jJenerator 15 electric power 33 enter
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step-up transformer 24, and then the collecting mains SSh by voltage
35 kv and it is above, from which will move awvay the electric power

lines LEP, which feed high-voltage district electric systen.

In Fig. 2-2 and 2-3 dotted lines limited the outlines of boiler
room, machine room and electrical distributor. The latter serves for
the reception/procedure of electric power, manufactured by the
generators of station, and its distribution according to the

vaste/exiting electric power lines.

In distributor are placed the disconnecting, shielding and

measurinqg electrical apparatuses, coupling busbars and auxilople.

At station there is also a coatrol board, wvhence attendant
personnel exercises control and control over the work of electrical

equipment of installaticn.

It should be noted that the installation of large/coarse
district power plants with the powerful/thick aggregates/urits of
high and ultrahigh pressures is profitable not only as a result of
the decrease of the specific cousumption of fuel and increase in the
aefficiency of stations, as this was discussed above, but also as a
result of a sharp decrease in initial inijitial costs of power plants

and decrease of the number of personnel, which also leads to the
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decrease of the cost/value of electric pover.

For example, according to the data of Electroheat-plan initial
initial costs of the power plant with a pover of 1200 MW into
aggregates/units on 200 MW approximately/exemplarily to 26-300/0 less
than initial costs of three power plants on 400 MW with
aggregates/units on 100 MW (to the same total power of 1200 HW). At
the same time the number of personnel decreases in one station

approximately/exemplarily 2-3 times.

The profitability of the installation of very large/coarse power
plants illustrate also some technical-economic indices, given in

fabley 2-1.

Thermal district power plants at present normally are installed
on the so-called block thermal circuit in which on each turbine unit
installs one boiler, moreover botan on feed water and on steam the
boilers of different turktine units do not connect (are absent the
cross connections between blocks). As an excertion in the absence of

large/coarse boilers are installed two boilers to one turbine unit.

The use/application of block diagrams proved to be possible as a
result of the high reliability of the operation of contesporary

boiler units.
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‘Eble 2-1, Some technical-economic indices of large/coarse thermal

district power plants.

) DIEKTPOCTANUNE MOWNICTHIO
Moxasatean

€00 1900 Mém | 2400
Typboarpera-
b ooa TPRORNL e 6 ‘
2. MowocTh TypGoarpe- )
rata, Mem. . . . . . 100 200 600

3, Crommocts | xem
yeranosnennoft lgggm-)
eiax d )
o e tors | 850 630
4.  Yaeavuud  pacxol
yCAOBHOCO TO‘;UIHBa Ha
aHHBI KHAO-
::Irp:fagz,z ...... 410—400 | 332324 300
5. Koapduuuert noaes-
ACTBHR  CTaH-
oo e, T o7 v |
6. Pacxoa 31eKTpoauep-
run Ha cobcTBeHHule

HyXAW, Yoo o o .o 7.5—17.8| 6,57 6,4
i xospdpuun- .
n eE:T.:::/Mom?qt "11,7—2 |0,5—0,6]0.35—0.45
. Yaenvnufl 00BbeM raas-
8 uol:-o kopnyea, x'/xem 1,16 0,6 0,36

Key: (a). Indices, (b). Power plant by power. (c). MW. (1). Number of

turbine units. (2). Power of turbine unit, MW. (3). Cost/value of 1

kW of installed power (in values 1955), rub. (4). Specific

expenditure of cool equivalent for manufactured kilowatt-hour, g.

(S). Efficiency of station, o/0. (6). Expenditure of electric power

for its ovwn needs, o/0. (7). Regular coefficient, man/m¥., (8).

Specific volume of main housing, a3/kW.

Page 24,
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The major advantages of the block stations:

1) is facilitated uses/application the steam of the high and
superhigh parameters as a result of the simpler system of the stean

pipes;

2) are simplified and becomes clearer the flow chart of station,
in consequence of which increases the reliability of operation and is

facilitated the operation;

3) decrease, and sometimes can generally be absent the stand-by

auxiliary thermo-mechanical equipmaent;

4) is reduced the volume of the construction and installation

works:

5) decrease fundamental initial costs of the station;

6) is provided the convenient expansion of station by blocks,

the new blocks if necessary can have higher parameters of stean.

If station is made froam blocks with one boiler, then in
comparison with the station, carried out on the nonmodular diagram,

the specific volume of building decreases approximately/exemplarily
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to 200/0, substantially decrease the length of conduits/manifolds and
a quantity of reinforcement on them, a number of measuring meters,

considerably is simplified thermal autoaation.

For control of thermo-mechanical equipment install block panels
(22 in Pig, 2-4), usnally one to two blocks, the available in main
housing stations. With block panels and wide automation of
thermo-mechanical equipment it proves to be excessive to have
attendant personnel directly in fundamental and auxiliary

thermomechanical equipment.

Pig, 2-4 in the form of an example gives the schematic cross
section of the main housingy of powerful/thick thermal power plant
with turboassemblies with a power of 150 MW. On the
designation/purpose of the basic equipment, shown in this
section/cut, it was said earlier. Let us additionally note that
feeder 3 serves for controlling the admission of rav carbon/coal from

bunker 2 into mill 4.

The mixture of the coal dust and air fros mill enters separator
S, and then into cyclone 6. In separator from coal-air aixture are
separate/liberated the large/coarse unground particles of
carbon/coal, absorbed by airflow, which from separator are headed

back into mill. In cyclone the coal dust is separate/liberated fronm
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air and then along tube it is headed for pulverized coal bunker 7 (it
is arranged/located after raw coal bunker 2). The supply to carbon of
dust to the pulverized coal burners of boiler and burners themselves
Fig., 2-4 does not show. Also is not shown fan, suction air froam

cyclone 6 and feeding it to the burners of boiler.

After feed-wvater economizer 9 and air heater 10 flue gases fall
into wet ash catcher (scrubber) 11, vhere the gas is cleaned of the
weighed in it ash. The purified gas is exhausted by exhaust fan 12
and on duct is headed for chimney stack 13. One should say that
during the dustlike combustion of fuel/propellant the large part of

the ash will be carried by flue gases frcm boiler aggregate/unit.
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Pig. 2-4. Schematic cross section of the main housing of
povwerful/thick thermal district power plant. 1 - carbon conveyer; 2 -
raw coal bunker; 3 - feed of damp/crude carbon/coal; 4 - carbon mill;
5 ~ separator; 6 - cyclone; 7 - bunker of the coal dust; 8 - steanm
boiler; 9 -~ two steps/stages of the feed-water economizer; 10 - tvo
steps/stages of the air heater; 11 - wet ash catcher (scrubber); 12 -
exhaust fan; 13 - chimney stack; 14 - blast fan; 15 - deaerator; 16 -
bridge crane of the boiler room; 17 - steam turbine; 18 -
turbogenerator:; 19 - turbine coandenser; 20 - pipelines of the
circulation water; 21 - bridge crane of the machine room; 22 -
control board of block bciler-turbine; 23 - transformer for the feed

of their own needs,

Page 25S.
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Therefore in the absence of gas cleaning inadmissibly is soiled air
in the adjacent to power plant region. Pcr scrubbing of gas are
applied the ash catchers of different systeas, inéludinq electric

filters.

Pig. 2-5 shows the general layout of the fundamental
installations of powerful/thick thermal district power plant, at
which it is not difficult to ne dismantled/selected, being guided by

that presented above and by the elucidating text under figure.

Steam-turbine central heating power plants (heat and power
plant) are intended for the supply the users with not only
electrical, but also thermal eneryy. Por the transmission froa such
stations of thermal energy as heat-transfer agent apply depending on
the type of user steam or hot water. The place of the installation of
heat and power plants is determined by the conditions of the

transport of thermal energy.

Pig. 2-6 gives the fundamental thermal circuit of heat and power
plant in that its part in which it differs from the diagras of
condensation power plant by Fig. 2-3 (is accepted the same nuabering

of elements/cells).
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The entering the turbine overheated steam PP (Pig. 2-6) passes

the part of the steps/stagjes of turbine and, being expanded, it
completes the mechanical work; in this case its pressure and enthalpy
they decrease. Then certain quantity of steas PO is
abstracted/removed from the interaediate steps/stages of turbine for
district heating and the regenerative preheating of feed water.
Remainder/residue of steam passes the resmaining steps/stages of
turbine and it is expanded to final condenser backpressure,

completing in this case mechanical work.
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Fig. 2-5. Pundamental installations of powerful/thick thermal

district power plant., 1 - pile of carbons/coal; 2 - bridge grab carbon
tap/crane; 3 - closed pier of belt conveyors from storage into the

coal breakers; 4 - coal-crushing location; 5 - closed pier of belt

conveyors from coal breakers into the bunker location of the boiler
room; 6 - boiler room; 7 - the chimney stacks; 8 - machine room: 9 -
reservoir; 10 - coast pusping; 11 - building of control board; 12 -
transient bridge; 13 - open distributor 110 kg; 14 - the same 220 kV;

15 - waste/exiting electric power lines 110 kV; 16 - transformer

workshop; 17 - official housing. i
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Pig. 2-6. Fundamental thermal circuit of heat and pover plant.

Key: (1) . From boiler. (2). In boirler. (3). Machine room. (4). Steanm
for production. (5). Water from central heating network/grid. (6).
Hot water into central heating network/grid. (7). Power supply. (8).
Local network/qrid. (9). Distriputor of generatcr voltage. (10).

Distributor of increased voltaye. (11). kV,

Page 26.

Steam from central heating selections it enters directly the
production or into water neater (boiler) 25, through which by

supply-line pump 26 drives away itself the water, utilized for the
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heating of buildings and othar needs of municipal services and
industrial enterprises. Condensate KP from water heater is punmped

over by puap 27 into deaerator.

s+eaming is supplied vhen near station are industrial

PO

enterprises, which require steam for their technological process.

A quantity of selected/taken from intersediate steps/stages of

turbine steam is determined by the requirement of thermal users for

hot water and stean.

Use for district heating of the partially exhaust steam from the
intermediate steps/stages of turbine decreases a quantity of steanm
that enters its capacitor/condenser and, consequently, also the loss
of heat with circulation water. Entire heat, which is contained in
hot water and steam which enter from station into central heating

network/grid, is considered the usefully teapered heat.

The overall efficiency of heat and power plants, the considering
tempering to users of toth forms of energy - electrical and thersal,
reach 60-700/0 and 2ven it is more. This efficiency characterizes the
overall use of energy of fuel/propellant on heat and power plants. It
is obvious that the efficiency/cost-effectiveness of the work of heat

and power plant depends on the value of selection of steam for

———  —— dimitny . el e i e L
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thermalization. With the decrease of a quantity of steam that enters
the capacitors/condensers of central heating of turbine, efficiency

of heat and power plant grows/rises.

In the case of full of the absence heat distribution into
central heating networks/grid the turbines work in the condensation
mode/conditions; with this efficiency of station usually do not

exceed 28-320/0.

From the aforesaid it follows that the most economical

mode/conditions c¢f the wcrk of heat and pover plant is its work on
the graph/curve of thermal consumption, i.e., with the control of
adrission of steam into turbines with respect to its selection to
district heating with minimum passage of steas into
capacitor/condenser. A smallest possible quantity of steam that
passes the latter/last steps/stages of turbine and entering the
capacitor/condenser, it is indicated by the manufacturing plant of
turbine from the considerations of the work of its latter/last

steps/stages.

Since the modes/conditions of the work of thermal and electrical
users are diffaerent, the realization of the mode/conditions of the
vork of heat and power plant indicated is possible only with of its

to multiple operation with other power stations of power system -
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thermal and hydroelectric.

Actually/really, if heat and pover plant works in parallel with
power system, then, regqgulating admission of steam into its turbines
in accordance with heat requirement for the needs of district
heating, we obtain some specific electric energy generation. If a
quantity of gennrated at station electric power exceeds the
requirement for it of local users, then the part of electric pover is
transmitted to the network/grid of power system with the appropriate
simultaneous decrease of the load of other in parallel working powver
plants (he is requlated by the dispatcher of power system, see §3-4).
On the other hand, if a quantity of developed electric power is
insufficient for coatinyg of the requirement of the local users of
station, then supplementary electric power takes avay/gathers from
the network/grid of power system with the the simultaneous

corresponding increase in the lcad of other power plants of system.

Is such a somevwhat simplified picture of the control of the
mode/conditions of the work of heat and power plant in pover systesa.
In the various operating cycles of one or the other power systenm,
vhich has its special features/peculiarities, deviate from the
control of moda/conditions the work of heat and power plant for the
qraph/curve of thermal consuaption and increase the electrical load

of heat and rower plant over that electrical power, which its
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aggregates/units develop with work on the graph/curve of thermal
consumption (in the limits of the nominal power of aggregates/units)

with the appropriate increase of the passage of steam into turbine

condensers. Such modes/conditions of the work of individual heat and
power plants sometimes can be justified by working conditions of
power system as a whole, and sometimes also by the conditions of

providing the steadiness of the power supply of users.

At the same time one should consider that on heat and power
plants, especially on those wnich work on ‘mported fuel/propellant,
the prime cost of 2lectric power, developed in condensation
mode/conditions, as a rule, provas to be higher, rather than on the
powerful/thick ~hermal district power plants, which work on local
fuel/propellant, but all the more on hydroelectric stations.
Exception/elimination can be the powerful/thick heat and power

plants, which work on very cheap natvral gas.

Page 27.

The supply with thermal and electrical energy of users from heat

and power plants, i.e., combined consumption/production/generation on

heat and power plants of both forms of energy, gives the considerable

fuel economy, sometimes wnhich reaches by 15-2S0/0 in comparison with

the fuel ccnsumption with separate powering, i.e., with the electric
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power supply from condensation power plants and heat supply from

special boiler installations {2-1].

Centralized heat supply by hot water and vapor from heat and
pover plants makes it possible t¢ eliminate the numerous small/fine
uneconomical heating and industrial boiler installation of the users

who moreover, frequently work om long-range high-energy propellant.

Heat and power plants usually are installed in immediate
proximity to users; therefore electric power of them is distributed
in essence over gensrator voltage 6 or 10 kV, as shown in diagras in
FPig. 2-6. For the nourishment of the distant users, and also for the
connection/conmunication of station with the electric system of power
system on heat and power plants usually install the raising

substation with secondary voltage 35 or 110 kvV,

The possibility of the wide application of gas on power plants
creates favorable ones conditions for positioning/arranging the heat

and power plants directly in cities.

On Soviet heat and power plants are installed central heating
turbine units in powver to 50 M# inclusively. Is projected/designed

the central heating turbine unit with a power of 100 HmW.
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Prom the examination of the technological process of steans
turbine power plants it is evident, wvhat large number of different
auxiliary (official) mechanisms services/maintains the production
process of thermal power plants. For the drive of these mechanisas

are applied predominantly squirrel-cages motor,

The stop of some of the mechanisms, even to small period,
entails either dead lock of aggregates/unit or considerable decrease
in its lcad. Por example, the stop of blast fan, exhaust fan or feed
pump entails the stop of the boiler; the stop of circulation or

condensate pump leads to the nead for the stop of turbine unit, etc.

Electrical stations with engines install small power as
agricultural stations, stations on forest exploitations and the like
wvhen it is not possible to obtain electric power from any
power ful /thick station and when, in a sufficient quantity,
fuel/propellant is present, for engines - local solid fuel or most
frequently withdravals/departures tfrom the production - agricultural,

voodworking, etc.

Engine is the aggregate/unit, which consists of steam boiler

from thin and staam machine.

Steam from boiler it enters steam engine which with the aid of
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belt drive revolves electric generator. The generators of such
stations, as a rule, have voltage to 380/220 V and less than 6 kv, if

it is necessary to supply users in a radius of several kilometers.

Ef ficiency of stations with engines approximately/exemplarily

11"120/0.

Power plants with internal combustion engines are installed also
comparatively small power, usually into several hundred, maxisua of
thousands of kilowatts, and only when the power supply of users
cannot be realized from local exchanges and when according to local
conditions cannot be constructed steam station with engines or
hydroelectric stations. As primary motor/engines can be used any
internal combustion engines, but most frequently are applied diesels.
These engines can work om ligquid propellant (cil, petroleum residue)

and gas.

The efficiency of power plants with diesels attains 32-330/0. If
we utilize waste heat for preheating water, necessary for
| public~service (bath, lauadry, etc.) or production needs, then plant

efficiency can be somewhat increased.

In the presence of local solid fuel is possible the installation
of station with the internal combustion engines, gas-fired, obtained

in gas generator urits. In gas yenerator the solid fuel burns with an
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insufficient quantity of air, as a result of whicl is formed the
combustible gas, utilized in internal combustion engines. Gas
generators can work on any local fuel/propellant and any organic

industrial wastes - agricultural, woodvorking, etc.

2-3. Hydroelectric stations.

The water in river, vhich takes place in direction froa source
to mouth, gradually trips (seemingly it falls) from certain height to
the mark, wvwhich corresronds to the level of its mouth. In this case
the water completes the work, connected mainly with eroding/scouring
of soil and its displacement/movement in the direction of the flow of
river, and also with the assumgtion of frictional forces between
randomly moving/driving gparticles of water within flow itself. The
greater the flow of river and the gradient of its river bed, the
greater energy of water flow., Flow call the total space of wvater,
which takes place during any time (days, month, year) through this

alignment* (section) rivers.

Hydroelectric stations are installations in which vater energy

is utilized for the production of electric power.

Page 28.
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Primary motor/engines of electric generators on hydroelectric
povwer plants are the hydroturbines in which potential and kinetic
hydraulic power is converted into the mechanical energy, utilized for

rotating the generators.
The power, developed by a hydroturbine (net power on its shaft),

de pends on a quantity of passing through it water and value of the

pressure head:
P,=1600 Qi+, [xg-u/s], (2. 1)
vhere 0 - a quantity of water, passing through the turbine, the m3/s;
H - value of the pressure head (depth of fall) of wvater, a;
% - efficiency of the water supply installations, wvhich
considers loss of head in them (for example, in tubes, on which the

vater is fed/conducted to turbine and is abstracted/removed from it);

7,~ afficiency of hydroturbine (for the hydroturbines of

average and large power 0,88-0.94).

It is knovn that 1 kW=102 kg-m/s; therefore electrical tersinal

horsepover
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Py= a9, =9.81QH, (k¥ ), (2-2)

vhere " - efficiency of hydraulic gemerator (for the hydraulic

generators of average and large power 0.95-0.98);

e N e efficiency of the hydroelectric powver plant (for
contemporary hydroelectric power plants it reaches value of

0. 85‘0' 86) L}

Prom formula (2-2) it is possible to drawv the conclusion that
the power of hydroelectric power plant is determined by the available
expenditure/consumption of water Q and by the value of pressure head
H: the greater these values, larye pover can develop the

aggregates/units of station.

On the hydroelectric power plants, planned on plains rivers, the
necessary pressure head H is created by dam, and in certain cases and
by the building of station, which adjoins the dam and by its being as

continuation (Pig. 2-7).

The water area before dam 3 is called headwvater 1, but below

dams - by lower reach 2. The existence of phases of the levels of the

o
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upper and lower reaches is pressure head H of installation. The
higher the dam, the greater the pressure head H and, consequently,

also the power of hydroelectric power plant.

From the side of the headwater usually are forsed the reservoir,
employee for the accumulation of the water, utilized in proportion to
necessity for electric energy generation. With an increase in

altitude of dam increases the space of reservoir.

Plains of rivers have comparatively flat and lov shores;
therefore the creation on theama of the high pressure heads H is
hindered/hampered by the fact that to ten and hundreds of kilometers
upstream occurs the considerable inundation by the reservoir of the
coasts of the river; sometimes the width of reservoir reaches several
ten kilometers. The creation of such reservoirs is connected with the
need of cutting forests/scaffolding and the transference of a large
number of villages and industrial enterprises, but sometimes also the
small cities, arranged/located on the coasts of river and falling
into flooded area. Sometimes it is necessary to partially reorganize
railroads and railroad tridges, to create water-shielding
installations (dam) for frotection from the inundation of major
enterprises, districts of the large/coarse cities, important for the

aqriculthtal production of the earth/ground.
In hydro-electric station on plains river are included: the aas,

the building of station, naviganle sluice.

e
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Pig. 2-7. Diagram of channel hydroelectric power plant. a) the
diagram of the creation ¢f pressure head by the dam; b) the schematic
plan/layout of hydro-electric station.

Page 29.

Dam is the most critical and important installation of

hydroelectric pover plant. Dams are spillway and dead/blind.

overfalls serve not only for the creation of the necessary

pressure head, but also for discharge/break in the necessary reach of
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overflow water with the overfilling of reservoir, vhich occurs sainly
with seasonal floods. Overfalls, usually planned froam concrete, have
the water openings/apertures, overlapped with metallic panels or
locks with the aid of which regulate discharge/break the vater fronm

the headwater into lower.

Dead/blind dams do not have water-outflow openings/apertures and
serve only for the creation of the necessary pressure head.
Dead/blind dams are concrete and earth. In recent years on the Soviet
hydroelectric power plants, planned on plains rivers, use extensively

dead/blind earth dams as most simple and cheap. i

Wwith small pressure heads the most widely used type of blind
hydroelectric power plants are river-bed hydroelectric power plants
(Pig. 2-7b), in which the building of station 5 enters into the
general/common/total front of water-pressure installations, i.e., it
appears as the continuation of daa (3 - concrete overfall; 4 -
concrete dead/blind dam). Water to hydroturbines 6 is fed/conducted
through inlets 7 and is abstracted/removed from the hydroturbines

through suction tubes 8.

Por the passage of ships serve single-chamber sluice 9 and

approach channels 10 ard 11.
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An example of river-bed hydroelectric power plants are Uglichsk,

Rybinsk and Gor'kiy GES in Volga and many others,

In recent years are installed the river-bted hydroelectric powver
plants, in which in the building of station are placed not only the
openings/apertures for a water supply to hydroturbines, but also the
vater-outflov openings/apertures, normally-closed with panels or
locks and which use for the discharge/break of flood water from the
headvater. Therefore considerably is reduced the length of spillway
concrete dam with the appropriate increase in the length of
dead/blind earth dam, which gives the considerable savings of means
and materials., Sometimes all water-outflow installations can be
placed in the limits of machine room in the case of
full/total/complete failure of the installaticn of spillway concrete

dam.

An example of combined type river-bed stations are largest Volga
of the name of V. I. Lenin and Stalingradskaya hydroelectric power

plants in Volga.

With pressure heads more than 30-35 m usually install near-daa
type hydroelectric power plants, vhose building of station directly
pressure head does not receive and is arranged/located after

dead/blind concrete dam from the side of the lowver reach (Frig. 2-8).
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In the body of concrete dam 3 pass delivery conduits 9, on which
the water from headwater 1 proceeds to hydrcturbines 8. This location
of building accept by the series/row of stations, for example, oOn
Dneprovsk hydroelectric power plant (calculated pressure head 38 a),
on the projected fraternal hydroelectric power plant on hangar

(calculated pressure head of approximately 100 m) and on many others.

Fig. 2-9 in the form of an example gives the cross section of
near-dam hydroelectric fpower plant with the location of building 12
after dam 3, from the side of lower reach 2. Water from headwater 1
on delivery conduit 4 enters volute chamber 8, which encompasses the
vheel of hydroturbine 9. Froa volute chamber the water enters

impeller vanes of turbine, and then through suction tube 10 leaks off

into the lower reach,
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Pig. 2-8. Diagram of near-daam hyarcelectric power plant., 1 -
headwater; 2 - the lower reach; 3 - dead/blind concrete dam: 4 -
spillway concrete dam; 5 and 6 ~ earth dams; 7 - building of the
station; 8 - hydroturbine; 9 -~ pressurized pipelines; 10 - suction

tubes; 11 - two-chamber sluice; 12 and 13 - approach channels.

Page 30.

volute chamber 8, which has the changing cross section, provides

uniform water suvbply tc impeller of turbine and serves for the

gradual translation/conversion of rectilinear forward motion of water
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curvilinear,

The vertical shaft of turbine is connected with the vertical

shaft of hydraulic generator 11, which is established/installed in

machine roonm.

Manufactured by generator electric pover enters the closed
distributor of generatcr voltage 14, and frce it into step-up
transformer 15, astablished/installed in the open air. PFron

transformer along aerial line 16 electric powver enter the open

distributor of *he increased voltagye (in Fig. 2-9 it is not shown),
but from it into the network/grid of power systea. Cable 17 shields

aerial line from the direct impacts of lightning.

Lock 6 serves for the cessation of wvater inflow into delivery
conduit 4. During repairs in slots/grooves 5 is omitted repair lock.

Tap/crane 7 serves for settl.ng and lifting the locks.

Machine room is equipped by bridge crane 13, necessary during

mounting and revairs of aggregatess/units,

Oon mountainous rivers the necessary pressure head can be created

by using the consideratle natural yralients (incidences/drops) of

these rivers, let in range A (Fiy. 2-10) bench mark of river compose
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”Rtgbove sea level, and in range B - respectively H m then ia
section AB the natural gradient of river, or, wvhich is the sane
t:ing, a difference in the water levels in the beginning and end/lead
of the section AB, comprises H,=H,—#;. Thus there is that
difference in the horizons/levels (pressure head) and it is possible
to utilize by installing a deviation hydroelectric power plant.
Derivation installations, this of the installations, which go around

fundamental river bead: diversion channels, tunnels, tubes,

The diagram of derivation installation is given in Pig. 2-10, In
the beginning of the utilized section of river is arranged/located
water intake 1, through which the water enters diversioa channel 2,
and from it into pressure basin 3. DPam 7 serves for providing the
approach of wa*er into diversion channel. The latter is laid with
very small gradient, several times of smaller than natural gradient

l/’,of river in section AB. Therefore pressure head § on the turbines

of hydroelectric power plant is temporarily less than gradient H,.

From pressure basin 3 water along delivery pipes 4 enter
hydroturbines, which are located in machine rooa 5. Proa
hydroturbines the water along diverter 6 returns to river, but

already in range B,

#ith the aid of das 7 it is possible to create artificial
reservoir with the specific water supply and to additionally raisec

vater level, after increasing pressure head on the turbines of

hydroelectric power plant.
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Pig. 2-9. The cross section of near-dam hydroelectric power plant.

e wa

Pig. 2-10, Diagram of derivation hydroelectric power plant. a) the

plan/layout of the hydro-electric station; b) the diagram of the :
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creation of pressure head.

Key: (1). River,

Page 31.

Such installations in which the pressure head is partially created by

dam and partially by derivation, call dead-derivation or mirxed.

In derivation installation are included: 1) the head assembly,
which consists of dam and water intake; 2) derivation installations -
channels, tunnels, pipelines; 3) the station-type asseably into which
enter pressure the basin and pipelines, building of station,

diverter.

In the USSR are constructed several large/coarse derivation
hydroelectric power plants, also, among ther: the hydroelectric pover
plant of the Sevansk cascade/stage (on r. it is given) - Kanakersk,
Ozernaya and Gyumushsk; Karamsk -~ on the river Khram; ZAGES - on the
river Kur; Farkhads - in Central Asia; Niva-3 - in the Kol'skiy

peninsula and a number of others.

Under conditions of planned socialist economy during the

installation of hydroelectric power plants are solved not only energy
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pcoblems, but also complex of other important national-econormic
problems: an improvement in tne navigation, irrigation and irrigation
of the arid earth/gqround, improvement in the water supply of cities
and industrial enterprises. In certain cases through the
vater-engineering constructions of hydroelectric pover plants run the

highvays and railway lines.

Hydroelectric power plants yive to national economy the savings

of a large quantity of fuel/propellant and free/release transport

from its transport.

on hydroelectric power plants comparatively easily is realized
the automation of the production process which is considerably
simpler than the production process of thermal power plants (mainly
as a result of the absence of fuel economy and boiler with all
auxiliary services). There are fully automated hydroelectric power
plants. On hvdroelectric power plants is considerably less the voluame
of repair work. As a result of entire this the number of personnel on
hydroelectric stations is considerably less than on thermal powver

plants of the same powver.

Because of smaller operating costs the prime cost of
manufactured electric powar on hydroelectric power plants several

times is less (usually 3-5 times), than on thermal powver plants.

w"-‘_-.*d"-
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A large/coarse deficiency/lack in the hydroelectric power plants
is the considerably larger cost/valus of their installation in
comparison with the thermal power plants of the same power, which is
explained by the mainly large volume of earth and construction work
during the installation of hydroelectric power plants. True, in the
process of operating the hydroelectric power plants this difference
in first costs fast enocugn 1s redeemed due to the smaller prime cost

of electric power on hydroelectric stations,

An important deficiency/lack in the hydroelectric power plants
are the large period of tneir installation, the considerably
exceeding period of the installation of the same according to the

povwer of thermal power plants.

Taking into account these deficiencies/lacks in the
hydroelectric power plants and on the basis of the need to maximally
accelerate the development of power engineering of the country, wvhich
more narrowly was discussed into §1-3, seven-year the plan/layout of
the development of national econoay for 1959-1965 provides for
certain temporary/time reduction of the construction of hydroelectric
povwer plants during the saximum development/scanning of the

construction of powerful/thick thermal power plants.
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The place of the installation of hydroelectric power plants is
selected taking into account the most advisable use of energy of the
vater flow: attempt to obtain largyest possible electric energy
generation and the pover of station with the minisus expenditures of
materials and resources for the installation of hydraulic station,
including expenditures fcr the preparation of the bed of the
reservoir (see above), coansider the conditions of navigation,

irrigation, irrigation, water supply of cities and enterprises, etc.

Electric power, developed by the hydroelectric pover plaats of
average and large power, is usually put out directly in electric
system by the voltage 35-500 kV of power systeamas. In connection with
this the diagrams of the electrical connections of the hydroelectric
power plants of average and large power usually little differ from
the diagrams of the electrical connections of thermal district pover
plants. The principle of the fulfillment of this diagram is given in
Fig., 2-3: electric power EE from generator 15 enters that raising of
transformer 24, from the latter by collecting mains SSh of 35 kv and

above, but from them in electric power line LEP.

Together with powerful/thick hydroelectric powver plants in the

USSR are installed small hydroelectric pcwer clants by power from
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several ten or hundreds of kilowatts to several thousand kilowatts,

intended mainly for the electrification of rural economy and small
cities in those regions where there is no power net of powerful/thick

power plants.

Page 32,

Prom these small hydroelectric stations, electric power is usually
distributed directly over generator voltage to 10 kV inclusively and

and less at the increased voltage 25 kV,

Run off in rivers during year changes and the greatest value it
reaches during spring seasonal flood. The best use of energy of water
flow is achieved, in the first place, with the artificial control of
flow and, in the second place, with the wmultiple operation of
hydroelectric and thermal power plants on the general/common/total

electric system of power systen.

If hydroelactric power plant does not have a reservoir (such
stations are encountered comparatively rarely), then the mode of its
operation is determined by the flow of river: with large flovs the
hydroelectric power plant can develop total power and put out into
the network/grid of power system a large quantity of electric power

with the appropriate decrease in the load of the thermal power plant
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(see §3-4); on the other hand, at low run off the load of
hydroplant is correspondingly decreased, and the greater load 1s
transmitted to the thermal stations of the power system.
on such hydroelectric power plants the large part of the water of
spring seasonal flood is dumped through the dam, i.e., it is not

utilized.

on hydroelectric power plants with reservoirs of a comparatively
small volume usually is realized the so-called diurnal conatrol of
flow., In this case the water, accumulated in reservoir for the
speci fic hours of days, utilize for electric energy generation
comparatively short-term, for several hours in a 24 hour period, for
providing the supply of users with full loads the systems when the
power of thermal power plants it is insufficient (the so-called peak
modesconditions of operation of stations, see §3-4). In the remaining
hours of day this hydroelectric power plait vorks with the fractional
load, determined from the conditions of filling of reservoir and
pinimally necessary passage of water into lowver bank (from the
conditions of navigation, irrigation, water supply of enterprises and

cities, etc.).

on hydroelectric power plants with the considerable space of
reservoirs is realized the ananual control of the flow vhen entire
flood water, with excertion of the wvater, expended by turbines of
hydroelectric power plant, is delayed in the reservoir before the dam
and then into remaining part the year gradually it is

expended/consumed into addition to the natural sumser and vinter
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flows of river. On such hydroelectric power plants can be realized

also diurnal of control as this is shown above.

Oon hydroelectric power plants with the reservoirs of a
comparatively small volume usually is realized the so-called diurnal
control of flow. In this case the water, accumulated in reservoir for
the specific hours o€ day, utilize for electric energy generation is
comparatively short-term, for several hours in a 24 hour period, for
providing the supply of users with full loads the systems when the
pover of thermal power plants it is insufficient (the so-called peak
mode/conditions of opeirction of stations, see §3-4). In the remaining
hours of day this hydroelectric power plant works with the fractional
load, determined from the conditions of filling of reservoir and
minimally necessary passage of water into the lower reach (from the
conditions of navigation, irrigation, water supply of enterprises and

citiaes, etc.).

on hydroelectric power plants with the considerable space of
reservoirs is realized the annual control of the flow vhen entire
flood water, with exception of the water, expended by turbines of
hydroelectric pover plant, is delayed in the reservoir before the dam
and then into the remaining part of the year gradually is

expended/consumed into addition to the natural summer and winter

flows of river. On such hydroelectric power plants can be realized
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also diurnal control as this is shown above.

In certain cases the space of the reservoir of hydroelectric

power plants on plains rivers does not permit implemention of

full/total/complete annual coatrol of flow. At such stations is
realized the seasonal control when in reservoir is delayed only the
part of the flood water; remaining part flood of water is dumped
through the dam into the lower reach. The delayed in reservoir water
is utilized usually in the winter months when flow in river has
minimum value. Therefore in vinter months the hydroelectric power

plant can bear large load.

By the control of flow is provided the more complete utilization
of energy of water flow and, consequently, also large electric energy
generation on hydroelectric power plant, as a result of which are
reached considerable fuel economy and reduction in the prime cost of

electric power in systea.

2-4, The atomic powar plants.

In 1954 in the USSR was introduced in operation the first in the i
vorld atomic power plant in power 5000 k¥, using intranuclear energy :
for electric energy generation in industrial purposes. Was made the i

first step/pitch in mastery/adoption for the energy purposes of

LBUL-“> - — — » » — o il i Dot 1-nuﬁuhiilliﬂ-illll“
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energy of atomic nucleus,

In 1958 was started the first turn by the power of 100 MW of the

second atomic power plant whose total power will be 600 MW.

Fig. 2-11 gives the simplified schematic diagram of the first
atomic power plant from which it is evident that the atomic stations
are actually thermal steam-turbine power plants whose role of boiler

unit perform nuclear reactor 1 and steam generator 4.
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Pig. 2-11, The simplified circuit of the atomic powver plant. a) the

schematic of the working channel of atomic reactor.
Page 33.

As electric power source is utilized the usual turbine unit, which

consists of steam turbine 8 and turbogenerator 14.

The energy source on the first atomic powver plant is nuclear
reactor 1, in which occurs the fission chain reaction of the nuclei
of uranium-235 by slow neutrons. As neutron moderator is used

graphite.

Reactor core is made from yraphite by 15 in the form of vertical
cylinder with a large number of vertical openings/apertures. Into
these openings/apertures are inserted the so-called working

(technological) channels. The very simplified circuit of this channel

e | i

)
i
!
|
:




DOC = 79134802 PAGE pg

is shown on outline a Fig. 2-11: channel consists of thin-walled
steel tube with 16, inside which is inserted plug 17 of uraniua in
the form of the special alloy; within latter/last is placed U-shaped
thin-walled steel tube with 18, on which flows/occurs/lasts the
vater. Over one half tube the water flows/occurs/lasts dovnward,
vhile on another it returns upvard. In the upper part of the reactor
the ends/leads of these U-shaped tubes of all channels are connected

into collectors/receptacles 2 and 3 [2-2).

In process the nuclear fissions of uranium of plug 17 are heated
and is given up heat to the water, which takes place in tubes with
18. The circulation of the water tarough the reactor is continuously

supported by pump 6.

In all in the reactcr of 128 working channels in long on 7 a.

Them replaces on measure tae "buran-out" of the fissionable substance.

The intensity of reaction, and thereby also energy content,
which separates in reactcr, are regyulated by the splash cores, made
from material, *hat actively apsorbing neutrons. Is achieved this by
position control of the rods indicated in sgecial vertical reactor

channels.

As can be seen from diagram in Pig. 2-11, at station are
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realized two independent circulation loops of water.

Of the first outline, which consists of reactor 1 and tubes 5 of
steam generator 4, under the action of circulating pump 6 alvays
circulates one and the same space of the distilled wvater, which is
located under pressure 100 atm(tech). Passing on tubes 18 reactors,

water is heated to 270°C and then it enters steam generator 4, where

it gives up its heat to water and the steam of secondary circuit.

From steam generator the water with pump 6 is supplied into reactor.

2

Pilter 7 serves for warning/preventing the incidence/impingement into

the reactor of the randcam weighed solid particles.

The replacement of water in the first outline and the
completion/replenishment of losses as a result of possible escapes

are realized from tank by 13 with the aid of pump 12,

Secondary circuit consists of steam generator 4, steam turbine 8

and capacitor/condenser 9.

Forming in steam genarator of steam at a pressure 12,5 atm(abs.)
and temperature 260°C enters steam turbine and from it into the
capacitor/condenser where it is cooled by circulation vater by Ts¥V,
supplied with pump 10. Fead puap 11 supplies condensate from

capacitor /condenser into steam generator. ﬁ
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With the work of nuclear reactor appear the radioactive
radiations, moreover special danger for people represent neutrons and
gamma-rays, in large gquantities generated by reactor. In order to
fence the service perscnnel from the harmful effect of neutrons and
gamma-rays, reactor is surrounded by the protection which consists of
the layers of water (with a thickness of 1 m), concrete (with a

thickness of 3 m) and cast iron (with a thickness of 0.25 m).

Primary water, passing through the reactor, acquires
radioactivity., Water of its secondary circuit does not have.
Consequently, by the useysapplication of two circulation loops of
water is provided “he safety of servicing turbine and its accessory

equipment.

All the ~quipment of the first outline (steam generator 4, pump

6, etc.) is placed in the separate shielded cabins.

In all at the stations are established/installed four stean
generators, of which one - stand-by. With load of 5000 kW the station
ex pends/consumes in the days of approximately/exemplarily 30 g of
uranium. The steam-turtine condensation pover plant of the same power

and with the same load expends/consumes in a 24 hour period to
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100-110 t of Moscow browan coal.

The atomic pover plaats can be installed both with the
condensation ones and witn ceatral heating turbines. With respect to
this their thermal circuits can be fulfilled analogously with the

diagraas, given in Fig. <=3 or 2-6.

In 1959-1965 in the USSR will be constructed several
large/coarse atomic power plants. This they will be of power plant in

power on 400-600 MW, and possibly also more powerful/thick.

Page 34.

Por gaining of the experience of construction and operation are
installed the power plants from somevhat different flow charts and
turbine units of different power in the different initial parameters
of steam. Large/coarse power plants will be eguipped by the reactors,
vhich use as heat-transfer agent and neutron soderator usual
pressurized wvater, and by the reactors, vwhich use an ordinary vater

or steam as heat-transfer agent and graphite as retarder.

Installation in the future of powerful/thick atomic power
plants, especially in regions, which do not have local

fuel/propellant and not haviny available the sources of hvdroelectric
energy, vill be a powerful stiamulus of further development of Soviet

power engineering and ail fields of the national economy of the USSR,

L_““ e b ailune dncnnilh i iaie
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Chapter Three.

GENERAL INFORMATION ABOUT ELECTERICS OF THE POWER PLANTS AND POWER

SYSTEMS.

3-1. Systems of current. Nominal voltages.

Electric power, developed by power plants, they transsit to
different distances depending on the distance of power plants froa
the users of electric power., The greater the extent of the lines of
electric system and the transmitted by them electrical power, the

more advantageous it is to transait electric pover with high voltage.

With an increase in the voltage in the wires of electric systens
decreases, as a result of which the same electrical power can be
transmitted by the wires of smaller sections. Decrease energy losses

in electric systen.

Since electric generators and receivers are constructed to the
specific standard voltages (see below), then during the construction

of the electric systems of high voltage is usually necessary to

change voltage, and sometimes several times (see Pig. 3-5 and 3-8).

Most simply and economically such conversions of voltage are realized

mL-» : - — " ) it e i i i, il --ﬂu-n—---llllIJ
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vith alternating current with the aid of power transformers. At the
same time one ought not to conclude that it is always necessary to

approach the use/application of high voltages. The fact is that in

proportion to an increase in the voltage grow/rise both the initial
expenditures for the ccanstruction of network/gqrid and transforaer
substations and the expenditures for their maintenance/servicing.
Therefore at certain value ot high voltage the surplementary
expenditures/consumptions indicated will not already covered by
savings from the decrease of the enmergy losses and section of wires.
In each individual case the highest voltage is determined by the

appropriate technical-economic calculations.

In the USSR for production and electrical powver distribution is

accepted alternating three-phase current with the frequency of 50 Hz.

The use/application of a three-phase current is explained, in the
first place, by the larger efficieancy/cost-effectiveness of
networks/grids and installations of three-phase current in coamparison
with networks/grids and by tne installations of single-phase
alternating current and, in the second place, by the possibility of
usesapplication in the industry of the three-phase asynchronous
electric motors, which aie most reliable, cheap and simple of all

existing types of electric motors.

In a number of the branches of industry together with
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three-phase current is agplied direct current for electric drive,

electrolysis in chemical industry and nonferrous metallurgy

(product ion of aluminum, zinc, etc.) and other purposes.

The electric
to the conditions
steady control of

direct current is

users indicated they usually supply by direct current from the rotary
substations, which convert three-phase current into current constant.

As converters most are used extensively the mercury-arc rectifiers.

The direct current cf very high voltages can find use for the
transmission of large power up to very large distances. Since on

pover plants is developed electric power of three-phase current, then

motors of direct current are applied vhen according
for technological process is necessary the wide and
the rate of production mechanisms. Purthermore,

used extensively for the electrified transport. The

with the realization of power transmission of direct current is

necessary construction on the feeding side of the transmission not

only of the raising transformer substation, which uses for obtaining

necessary high voltage of transaission, but also rectifying

installation, which converts alternating current into direct

high-tension current,

Page 15.
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At receiving end of the transaission is necessary the construction
both the inverter installation, which converts direct current into
alternating high-tension current and lovers transformer substation.
Thus, and in this case production and electrical power distribution
are realized by a three-phase current, and only very electric powver

line works on direct current.

In the Soviet Union froam 1950 works the experimental production
electric power line of direct current by voltage 200 kV Kashira -
Moscow with a length of 112 km by which is transmitted the power of

30 MW,

In 1959-1960 will be constructed the electric power line of
direct current by voltage 800 kV from Stalingrad hydroelectric powver

plant into Donbass.

The accepted to the USSR standard voltages for the fixed systeas

of heavy current are given in Table 3-1 (according to GOST 72%41).
Nominal the voltage of the receivers of electric pover (electric
motors, tubes, etc.), generators and transformers is called the

voltage, with which they are intended for a normal operation.

BElectrical network is characterized by the nominal voltage of
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the receivers of electric power which from it are supplied; therefore

for the nominal voltage of its electrical receivers.

The nominal voltages of electric generators are accepted to 50/0
higher than nominal voltayes of the corresponding slectric systeas
hovw is considered the loss of line voltage with their normal load.
For powerful/thick turbo- and hydraulic generators of Soviet
production are applied also voltages 11; 13.8; 15.75 and 18 kV (see

tables P-1 and prP-2 1),

FOOTNOTE !. The tables, designated by the letter P, are given in

appendices. ENDFOOTNOTE.

In this case to the same voltages are performed the primary windings
of the step-up and step-down transformers, connected directly to the

outputs of generators.

The nominal voltages of the primary wvindings of the step-down
transformers are equal to the nominal voltages of the corresponding
electric systems, i.e., electrical receivers, with exception of the
voltages, noted in 1}b1e§ 3-1 by asterisk, which are related to the
step-up and step-down transioramers, connected directly to collecting

mains or outputs of generators.
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The nominal voltage of secondary winding of transformer they
vill be determined with the idling of transformer, i.e., with the
idling of transformer, i.e¢., with 1ts extended secondary winding and
nominal voltage in primary winding. Taking into account the losses of
the voltage of secondary windings of transformers ¢fable 3-1) on 5 or
100/0 higher than nominal voltages of the corresponding electric

systems (electrical receivers).

Direct current by voltagye 110 and 220 Vv apply in the
installations of its own needs of power plants to large/coarse
substations for the feed of the circuits of relaying, automsation,

emergency light, sigraling and so forth, etc.

The electric motors of direct current are applied normally on

220 and 440 V.,

For the installations of the direct current of special
designation/purpose (thrust/rod, electrolysis, etc.) frequently are
applied voltage different from those given and established/installed

by special standards.

P sy RSP oY AT P
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1;b1e 3-1. Nominal vol tages.

Homnnaaswoe Ha- E)__ o
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®| e o gapore o (FRor8ss
e N S
f o [O®ER0N |35, Q8 hs
: Q., v 221887 | Nepruunwe] ' F X & -1} E
£ . ;§ g e <.:_ e : 0OMOTKH \\/ §g ag gg
$= 34 H 4 bl X X 3
28| #8 |6 |8e|kRid =% |22|&%
IIOI — — 118} — — _— — | -
127 — 1t —1 133 127 133 1271133
220, 220 (1271230} 230 220 230 220 | 230
— | 380 (220| — | 400 380 400 —
440 — — {460 — —_ — — 1 —
— ] 500 | — | — | 525 530 525 500 —
— 1 3000 — | — | 3150 3000u 3150 — -
3150* | » 3300
6000 — | — | 6300] 6000w 6 300 — | —
6300* | u 6600
— 110000} — | — }10500| 10000 u| 10500 —_] -
10 500* | 1 11000
~— 1300 — | — — 35000 | 38500 — | =
— oo | — | — —_ 110000 | 121000 | — | —
— 54000} — | — | - 154000 | 169000 { — | —
— 1220000 — | — — 220000 | 242000 | — | —

Key (1). Nominal voltage of the receivers of electric power. (2).

-
“of

Nominal voltage,V.(3). Three- phase current 50 GA. (4). Generators.
A
(5). Transformers. (6). Three-phase current 50 GA (interphase). (7).
b

Single-phase current 50 kg. (8). Direct current. (9). Interphase.

(10). Phase. (11). primary windings. (12). Secondary windings.
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Page 36.

For the feed of electrical illuminating installations normally
are installed four-wire electric systems by voltage 380/220 V (three
phases and zero or neutral wire, with the inclusion/connection of
tubes to phase voltage 220 gl Three~vire networks/grids by voltage
127 and 220 V for new installations are not recommended as a result
of the considerably larger cost/value of the electric systems of
these voltages in comparison with the cost/value of electric systeams
with voltage 380,220 V (with smaller voltage necessarily the larger

secticn of wir2s),.

FPour-wir2 =lectric systems by voltage 220/127 V usually somewvhat
more expensive *+than networks/yrids 380/220 V; however, at voltage
2207127 V is achieved the consiuerable decrease of operating costs
due *o larger efficiency/cost-effectiveness and larger service life
incandescent lamp to voltage 1.7 V. Therefore sonmetimes for
electrical illuminating installations =conomically more advisable can

prove to be voltage 220/127 V { L. 3-1).

Neutral wires of four-wire networks/grids by voltage 380,220 and
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2207127 V in Soviet practice accept to ground tightly for
guaranteeing the automatic cutoff/disconnecticn of the element/cell

of installation or section of network/grid during single-phase

closing/shorting to the earth and increases in the safety of

servicing of these networks/grids [ L, 3-2].

Let us =2xamine the case when the neutral of this network/grid is
not grounded (Pig. 3-1a). during dead/blind (metallic, i.e., with
negligibly low contact resistance) closing/shorting to the earth of
one of the phases, for example phase C at point K, safety fuse P of
this phase it dnes not burn out, since the current of
closing/shorting to the earth in such networks/qrids is small (see

also §5-1), and voltages with respect to the earth/ground of two

other phases long prove to be equal to interphase voltage
(respectively 330 or 220 !l Under this voltage falls the man, if he
stands on the earth/gqround and touches by hand and to uninsulated
section of one of the phases with intact,uninjured/undamaged

insulation with respect to the earth/ground.

But if the neutral of four-wire network/grid is grounded tightly
(Fig. 3-1b), then during dead/plind closing/shorting to the earth of
one of the phases appears singyle-pnase short circuit (through the
sarth/ground) and the damayed pnase is disconnected as a result of

the burn-out of the estatlished/installed on it safety fuse P (or the

l Y

-
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cutoff/disconnection of its shielding automatic switch, see chapter
15) « The voltages of intact/uninjured/undamaged phases with respect
to the earth/ground remain equal to phase, i.e., 220 or 127 V. In
this network/grid of man, touching the uninsulated section of any
phase, it can prove to be only under phase voltage, i.e.,
respactively under voltage 220 V in netvorks/grids 380,220 Vv and 127

V in networks/grids 220,127 V.

For the electric motors of low power most frequently is used the
voltage 380 V more rarely tanam 229 and 500 V. To voltage 3 kV apply
electric motors in power 75 kW and more, while to voltage 6 kV -
power 200-250 kW and more. To voltage 10 kV are applied very large

power motors by power into several *housand kilowvatts,

Electric systems urban ones and major industrial enterprises
make to voltages 6 or 10 kV. practice also introduction/input in the
territory of large cities and enterprises of the lines of
transmission networks by voltage 35 and 110 kV (the so-called deep
introductions/inputs), which rfeed the powerful/thick reducing

substations, from which already with voltage 6 or 10 kv are supplied

urban or industrial electric systens.
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Fig. 3-1. Three-phase four-wire network/qrid by voltage 380/220 or

220,127 V. a) with the ungrounded neutral; b) with grounded neutral.

Page 137.

Voltages 35 kV and above are applied for the electric power
lines of district electric systeams, then by which electric pover is
transmitted to considerable distances - to ten and hundreds of
kilometers. Besides the voltages 35-220 kV, indicat< i = Table 3-1,
in the USSR is applied also nominai voltage 400 kV, on which work the
electric power lines from Volya hydroelectric powver plant of the name

of V. I. Lenin to Moscow and Chelyabinsk. In 1957 the Ministry of the
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power plants of the USSR made a decision all nev electric pover lines
of large extent and as capacity on the order of 650 M¥ and to more
install to voltage 500 kV. Foundation for this is the fact that with
a comparatively small increase in the capital expenditures the
capacity of power transamission for voltage 500 kV to 25-40o/0 is more

than transmission in voltage 400 kV [l., 3-3 and 3-41.

It is planned to also apply nominal voltage 330 kV. In
particular, voltage 330 kV accept tor the planned in Dniepr

Kremenchug hydroelectric power plant.

All electrical devices conditionally it is possible to subdivide
into two groups: electrical devices by voltage to 1000 V and by
voltage it is above 1000 V as this provided in the active "rules of
the device/equipment of electrical devices" (PUE) and the “safety
regulations" (PTB) [Le 3-5 and 3-6]. This subdivision is caused by
differences in construction/design and insulation of electrical
equipment (electrical machines, apparatuses, cables, insulators,
etc.), in the execution of distraibutors and in the rules of

construction and operation of the groups of electrical devices

indicated,

At the same time in practice conventional is also the separation

into elec*rical devices and electrical equipment of low and high
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voltage (low-voltage and hiyh-voltage), In the following presentation
we also frequently use these conditional terms, understanding by
low~voltage ones all devices/equipment by voltage to 1000 V, but
under high-voltage ones - py a voltage are above 1000 V. In this case
one should remember that this subdivision is purely conditional and
completely it does not reflect the degree of the safety of servicing

the installations of one or the other voltage.

3-2. General information about electrical circuits and electrical

equipment of electrical stations and substations.

For the purposz of the facilitation of the undierstanding of the
subsequent sections of course let us become acquainted with the
simplest diagrams of the slactrical connections of stations and
substations of higqh voltage and the designaticn/purpose of the

fundamental used on them electrical equipment.

The schematic of tne electrical connections of electrical device
in the conventinnal designations shows all its fundamental
elements/cells (circuits of generators, of power transformers and
electric motors, collecting mains, waste/exiting lines, etc.) and
their fundamental electrical equipment (disconnecting equipment,

instrument transformers, reactors, etc.), and also all connections

between aggregates/units and apparatuses in that sequence, in which
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they are carried out in actuality.

Are distinguished unilinear and trilinear diagrams. In unilinear
diagrams conditionally show connections only for one phase the
installations, which simplifies diagram and gives to it clarity. In
schematic unilinear diagrams indicate only the fundamental
aggragates/nnits of the installation: generators, power transformers,
electric motors (Fig. 3-5). In more detailed unilinear diagranms
indicate also the disconnecting apparatuses, instrument transformers,
busbar/tire and cable jcints, measuring meters, relay of protection
and automation, etc. Such diayrams give general idea about electrical
device and established/installed on it fundamental electrical
aquipment (for example, diagram in Fig. 3-2, vhere for the purpose of
simplification are not shown measuring meters, relay of protection

and automation, instruments of signaling, etc.).

Trilinear diagrams coaprise for all three phases (see Fig. 3-3)
with the indication of entire electrical equipment of primary
circuits, and also all measuring meters, instruments of signaling,
relay of protection and automation and so forth, etc. In trilinear
diagrams indicate also all connections of secondary circuits, i.e.,
the connections of measuring meters with instrument transformers, the
connections of the relay of protectinn and automation, signaling,

atc.

ik e i
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The diagrams of electrical coanections are made with the
necessary use of the established/installed by GOST 7624-55

conditional graphic designations. Some of these designations,

relating to the diagrams of primary circuits and most frequently

encountering in this book, are yiven in Table 3-2.

The conventional designations of the elements of the netvorks of

secondary circuits are given in the second volume.

o emim ot il e e 4
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Page 18,

Table 3-2. Som2 conditional graphic designations in electrical

circuits according to GOST 7621-55.
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Key: (1) . ¥he designation of element/cell. (2). Conventional
designations. (3). Electrical connection of busbars or wires. (4).
vires or busbars intersect, but it is not electrically connected.
(5) . Grounding (ground connection). (6). Contact of apparatus,
terminal/gripper on asseadbly. (7). €@able preparing. (8). Reactor.
(9). Current transformer with one core. (10). Themn, but with two
cores (two secondary vwindings). (11). Safety fuse. (12).
Resistor/resistance, fixed. (13). Resistor/resistance, adjusted
vithout chain cleavage with slipping contacts. (14). Position. (15).
Bisconnecting apparatuses., (16). it is connected. (17). it is
disconnected. (18). High-voltage switch (oil, air, auto-gas, etc.).
(19). Then, but simplified designation. (20). Conventional
designations. (21). Disconnector, knife switch. (22). Disconnector
with grounding knife. (23). Automaton of maximum current. (24).
Blectrical machines and transformers. (24a). in unilinear diagrass.
{(24b) . in multilinear diagrams. (25). Electric motor asynchronous
three-phase with short-circuited rotor. (26). Then, but with
phase-vound rotor. (27). Direct-current generator. (28). Synchronous
threephase generat~r. (29). Alternator with brought-out six
ends/leads of phases of stator winding and with indication of
excitation winding. (30). Transforaer (single-phase with core). (31).
Transformer three-phase double wound with core, with connection of

vindings star - triangle, with orought-out neutral. (32). Autotrans- ’
former three-phase with core, with connection of windings into star.
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Page 40.

Let us note alsc that im our practice accept by the nominal
voltage of electrical device (station, substation) to count the
nominal voltage of the electric system, which feeds from this
installation. Therefore on the diagrams of connections of electric
installations (on their collecting mains) should be indicated the
nominal voltages of the cocresponding networks/grids according to
GOST (see Tabl2 3-1), i.e., the noaminal voltages of electrical
receivers (for 2xample, 6, 10 k¥, etc.), but not the nominal voltages

of generators or secondary windings of power transformers.

Fig. 3-2 gives line diagram of the power plant of comparatively
small power with two generators of nominal voltage 6.3 kV. Developed
by generators electric pcwer enters the collecting mains SSh and from

them into cable systema 6 kV.

Dotted lines in the diagraa limited the outlines of those
locations in which is established/installed the corresponding
equipment. Generators G-1 and G-2 together with their prismary

motor/engines (in the diajram they are not shown) are

a9
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r established/installed in the machine room of the main housing of

|

| station. Entire electrical equipment by voltage 6 kV is

r : . .
g established/installed in the main distributor device/equipment 6 kV

of station. Generators are connected with distributor by busbars on

the insulators:; sometimes this connection is made by powver cables.

The waste/exiting lines 6 kV are carried out by cables.

Step-down power transformers I~1 and T-2 serve for the feed of
the distributirg frame 380/220 V of the installation of their own
needs of station. From the busbars of this panel will move awvay the
lines, which feed the electric motors of the mechanisms of their own

needs and the alectric ligjhting of station.

In all circuits of station are established/installed the
disconnecting apparatuses. In ianstallations by voltage to 1000 V are
applied the disconnecting apparatuses, indicated in the diagrams in
branch circuits 380/220 V: knife switches rub and safety fuses P or
automatic air switches (autosata) T> and other, disconnecting
circuits during overloadings and snhort circuits (see Chapters 14 and

15) .

In installations by voitage avove 1000 V apply the disconnecting
apparatuses, indicated in the diagram in branch circuits 6 kV:

l switches V, disconnectors R, safety fuses P (see Chapters 14, 16 and 17).
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High-voltage switches serve for inclusion/connection and

cutoffsdisconnection of circuits during normal operation,

and also

for the automatic cutoff/disconnection of circuits during their

damages.

3-3), which serve also for the retantion of switches in the connected

position

For control of switches are applied the drives (see Pig.

(see Chapter 14d).

-
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Pig. 3-2. Line diagram of pover plant vwith one system of collecting

mains.

Key: (1). Waste/exiting cable lines. (2). Cable. (3). kV. (4). Main

distributor 6 kV. (5). Equipment nall., (6). distributing frame
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3807220 V of its own needs. (7). \4 {(8) . Peed of its own needs of

station,

Page 41,

So that the switches would automatically disconnect circuits

with the Aisruptions of their normal operation, dangerous for

electrical egquipment, it is necessary that in each circuit would be

established/installed relaying.

The fundamental problem ot relaying is the rapid and reliable
liquidation of emergencies and aonormal modes/conditions, which
appear in electrical device, for the purpose of
retention/preservation/maintaining in the work of all
intact/nninjured/undamaged and normally working parts of the
installation., R2lay prctection is fulfilled of one or several relays,
i.e., the special instruments which during disturbance or damage of
any element/cell of installation act on the drive of the switch of
the corresponding circuit, after which the latter automatically is
disconnected. In certain cases relayings actuate the signalling
devices (bell, siren, tube), which notify personnel about the need of
accepting the measures tor the elimination of the abnoramal operating

mode.
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Let us examine the operating principle of simplest and most
videly used relaying, namely the maximum current protection from the
currents of short circuiting, adjusted in the majority of circuits.
The schematic trilinear diagram of this protection on the
waste/exiting line is given in Fig. 3-3. The windings by relay are
connected to secondary winiings of current transformers; therefore in
normal mode coil current by relay does not exceed 5 A and the cores
of relay cannot be sucked inside coils and lock contacts. During
short circuit at point K in primary circuit appears the short-circuit
current, several times the exceeding operating current of circuit. In
this case considerably increases the current in secondary windings of
current transformers and windings by relay, as a result of which the
cores are pull=d and close contacts. Through the latter are closed
the direct-current circuit of the disconnecting electromagnet of the
drive of the switch (course of the current through the contacts of
one relay is shown by broken rifleman/pointers), its core it is
pulled by its striker it displaces retaining catch of drive. In this
case the switch under the action of the disconnecting spring

disconnects the circuit, in which occurred short circuit.

Relaying of elactrical devices must operate selectively (it is
selective), i.o,, it must be so it is arranged so that during the
damage or the short circuit would operate/wear protection and was

disconnected the switch, nearest to the place of damage, and all
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other parts of the installation continued normally to work. For
example, if short circuit occurred at point K on diagraas in riqg. 3-2, ’

then must be disconnected switch V-1 of the waste/exiting line, and

switches V-2 and V~3 of ganerators be disconnected amaust not, although

in the circuits of generators will flow/occur/last the short-circuit
current to the moment/toryue of the cutoff/disconnection of switch
V-1 of line. For this purpose relayings have special device/equipment
] or vork with specific time element. More rapidly must operate/wear
relaying, neares+ to the place of the damage; for our example time
element of the protaction of the waste/exiting line must be less than
time element of the protection of yenerator. Time element does not

1 usually exceed several seconds.

Repair, cleanup, control, replacement and the like of
apparatuses and machines or whole elements/cells of installation
(line, power transformer, generator, etc.) must be conducted without
the cutoff/disconnection of other working parts of the installation,
but by the fact of an more entire installation, but with the
observance of the necessary conditions of safety for those, who
generate these works. The most important action, which ensures the
safety of performing work in high-voltage installations, is the
reliable disconnecting of the part of the installation, on wvhich is 1

assumed production in the works, trom other parts of the

installation, which are located under voltage.
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Pig. 3-3. Schematic diagram of the device/equipment of relaying of

maximum cucrrent,

Key: (1). Collec*ing mains. (2). Disconnector. (3). High-voltage
switch. (4). Drive of switch. (5). Spring. (6)-(7). Decoupling
electromagnet. (8). Disconnectiny spring. (9). Trip. (10). Relays.
(11). From storage battery. (14). Current transformers. (13). To

electric measuring instruments. (14). Cable

Page 42.

In this case for warning/preventing the possible errors it is

A
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necessary that the place of disconnecting would be performed by the l
apparatus, ensuring the clear visibility of the place of chain

cleavage. Such apparatus is the disconnector (see Chapter 16),

As a rule, disconnectors are not intended for
inclusion/connection and cutoff/disconnecticn of circuits, which are
located under load, but serve only for inclusion/connection and
disconnaecting of the de-energized elements/cells installations,
preliminarily off as swvitca. For example, if it is necessary to

repair switch v-1 of the waste/exiting line, without upsetting the

operation of station (Fig. 3-2), then should be discomnected first

svwitch v-1, and then disconnectors R-2 and R-1. Then switch v-1 is

d!sconnected from the collectinyg mains of station, which are located
! under voltage, and from the cable of line, to which can be supplied
the voltage from the network/grid through any other line. Xn some
diagrams of the electrical conaections (see Fig. 3-4) disconnectors
are utilized for switchiany of separate circuits, vhich are located
under voltage, but when these svwitchings are not accompanied by the

gap of powver.

Disconnectors R-1, established/installed fros the side of
collecting mains SSh (Fig. 3-2), cdall busbar/tire, vhile

disconnectors R-2 in the outputs of the wastes/exiting lines - linear.

JL_ e et e . i, et FS - 1 —M
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For control /checking of the work of aggregates/units and
individual parts of the installation, quality of electric power
(voltage and frequency) and for the account to developed and
distributed electric pcwer over electrical stations and substationmns
are applied appropriate electric measuring instruments: ammeters,

voltmeters, wvattmeters, fregquency meters, counters, etc.

Purthermore, are provided for the devices/equipament of
automation, which ensure the automatic maintenance of the assigned
mode/conditions of the work of installation (automatic field control,
au tomatic frequency control, etc.) and which accelerate the
restoration/reduction of the normal mode of work during the all
possible emergencies and the disturbances/breakdowns of the mode of
operation (the automatic breaking of aggregates/units, transformers,

lines, etc.).

Provisions are made for also the instruments and the warning
devices, which facilitate the orientation of personnel with changes
in the mode/conditions of the work of equipment, and also the

necessary instruments and coamunications.

All enumerated devices and relay are placed in the panels of the
paster control board or directly in the closed distributors (for

greater detail, see Vol. 2).




DOC = 79134803

PAGE /3‘

/ I\ Duwuu Inexmponepedavy
——————

'(Pucn,g:denumm
) 3) [ yempouemBo nober-
SS-MIKG | wennaco wanpawmenys

J

Pig. 3-4. Unilinear diagram of power plant with tvwo systeas of

collecting mains at generator and increased voltages.

Key: (%) . Electric powver lines. (2). Distributor of increased

voltage. (3). kV. (4). Step-up transformers. (5). Distributor of
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generator voltage. (6). Machine roonm.
Page 43,

In installations by voltage anove 1000 V measuring meters and
relay switch on through instrument transformers of current and
voltage. In the diagram in Fig. 3-2 it is evident that curre. t
transformers TT are established in the circuit of each connection,
and voltage transformers TN - only in the circuits of generators also
on collecting mains. Before voltage transformers are connected the

disconnectors and safety fuses P-1.

Collecting mains SSh and all connections between apparatuses
normally make not insulated (bare) by busbars Sh on porcelain
insulators. Some circuits sometimes make by cables, for example the

connection of transformers T-1 and T-2 at voltage 6 kV (cables Kb).

Connections on the distributing frames by voltage to 1000 V

perfora by bare busbars cr insulated wires,

One system of collecting mains, provided in the diagram in Pig.
3~2, does not provide the high reliability of the power supply of
users, since during damage and repair of collecting mains the

nourishment of users is interrupted/broken.
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Fig. 3-4 gives line diagram of powerful/thick power plant during
electrical pover distribution at two voltages - generator and
increased (in the diagram is not shown the feed of its own needs of
station and are not given instrument transforeers). Prom generators
electric power comes the collecting mains of generator voltage 6-10
kv and from them partially into the network/grid of generator voltage
along the waste/exiting cable lines, and partially into the step-up
three-phase pover transformers by secondary voltage 35-110 kV. froa
the latter electric power comes tha collecting mains 35-110 kv and
from them into the air electric power lines, eamployees for the feed
of the distant from station users and connection/communication of

station with the electric system of power systenm.

At generator and increased voitages are used two systems of
collecting mains. Normaily in work is located one set of busbars, the

second set of busbars is stand-bye.
The presence of two systems of collecting mains makes it
possible to preserve in work installation during damage or repair of

one of the systenms,

During short circuit on the working system of the collecting
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mains of generator voltage (at point K-1) operate/vear maximunm

current relayings of generators and are disconnected swvitches V-1 and
V-2, but if station works in parallel with the network/grid of power
system at voltage 35-110 kv, then are disconnected both switches v-3
and v-u4, After disconnecting then the switches of all lines and
transformers, they change over entire installation to the stand-by
system of collecting mains, for which are disconnected all
busbar/tire disconnectors of the working system of collecting mains
{odd: R-1, R-3, R-5, etc.) and tney connect the busbar/tire
disconnectors of the stand-by system of collecting mains (even: R-2,
R-4, R-6, etc.). After this a;e‘conggsted the generator swvitches,
lines and transformers. Upon the start of the switches of the second
and following of generators, and also upon the start of the switches

of transformers, if through thenm is realized the multiple operation

of station with power system, generators synchronize.

In two systems of collecting mains it is possible to alternately
overhaul the collecting mains of station, without upsetting the
operation of installation, i.e., without interrupting/breaking the
nourishment of users. Por example, it is required to supply on repair
the vworking system of the collecting mains of generator voltage. Por
this, without interrupting/breaking operation of station, they change
over installation to stand-by system of collecting mains in the

following order: 1) switca on bus~connecting switch Vv, supplying
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voltage on the stand-by system of the collecting mains; 2) switch on
the disconnectors of the stand-by system of collecting mains R-2,
R-4, R-6, otc.:; 3) disconnect the disconnectors of the working systea
of collecting mains R-1, R-3, R-5, etc.; U4) disconnect bus-connecting
switch Vv and its disconnector from the side of the working systeam of

collecting mains.

On the waste/exiting cable lines of the generator voltage of
pover plant are shown the reactors (coils with considerable inductive
reactance), intended for decreasing the strength of currents of short
for decreasing the value of short-circuit currents in the cable

system (for greater detail, see @hapter 8).

Raising transformers T-1 and T-2 usually they establish in the
open air. Distributor by voltage 35-110 kv can be performed by that

openad or that closed.

In other respects everything said in the relation to diagram inm

Fig. 3-2 is related alsc to the dismantled diagraa.

The concent about elactrical pover distribution fros the power
plants whose diagrams were dismantled/selected above, gives the
schematic unilinear diagraa, given in Fig. 3-S5. It is here accept

that electric power partially is distributed over generator voltage
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10 kv and partially at the increased voltage 35 kV. On power plant is
conditionally shown one system of collecting mains both on the
generator and on that increased volitages. For purposes of
simplification in all circuits are not shown the disconnecting

apparatuses and instrument transformers.,
Page 44,

The nominal voltages of electrical receivers (tubes of electric
lighting - 220 or 127 V. of electric motors - 220-6000 Y)usually
differ from nominal voltayes of the feed and distributive electric
systemns of hiqh voltage, in this case of the equal to 10 and 35 k¥V;
therefore electrical receivers are supplied from the reducing

transformer substations (P-1, P-2, P-3, etc.).

Similar substations, placed near users of electric power, are
intended for the feed of the appliance load of city or settlesment,
lighting and power loads of enterprise, etc. The substations, which
feed appliance load, agricultural users, small hoaemade enterprises,
etc., usually have only one secondary voltage it is normal 380,220 V
for obtaining which on substation are installed one (substation P-1)

or two (substation P-2) transformers of small power.

If substation is intended for the feed of the shop of enterprise




|
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or small enterprise, then on it are provided for either one secondary
voltage 380/220 Vv for feed electric lighting and electric motors
(substation P-2), or two voltages (substation P-3) - one for the feed
of electric lighting and the second for the feed of electric motors
(0.38-6 kV). To each voltage can pe established/installed one or two

transformers and even it is more. 1

The distant from station users are supplied with more high
voltage, for example 35 kV. In the diagram of FPig. 3-S5 it is shown
that two parallel to electric power line L-7 and L-8 supply the
district (urban, iniustrial) reducing transformer substation P-7 to
secondary voltage 10 kV, from waich in turn, are supplied the
reducing substations of users (P-8, P-9, P-10, etc.). From the
busbars of these substations are supplied the electrical receivers

(as from the busbars of substations P-1, P-2 and P-3).

The feed of the reducing substations directly from the
collecting mains of stations or district substations (substations
p-1, pP-2, P-3, P-8, P-9) is expedient only with sufficiently
poverful/thick and critical substations. Groups of small substations
to usually more expediently supply from distribution points (RP),
vhich obtain feed directly from the busbars of station or district

substation., On distributioa polnt electric power does not transfora

itself, since it is intended only for distributing electric pover
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between the separate reducing substations. Prcm RP can be supplied
the substations of urban electric system, departmental substations

and even all-factory sukbstations.
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Fig. 3-5. Schematic diagram of electrical power distribution from

power plant at voltages 10 and 35 «kV.
Rey: (1. kv. (2). V.
Page U45.
Is possihle the feed of several ones of substation from one

line, without construction HKP as this shown for substations P-10,

P-11 and P-12. In both cases they decrease a number of lines, which

exit from the collecting mains of station or district substation, anad
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initial cost of network/grid.

Substations P-10 and P-11 are passage, all others - blingd,

final.

The feed of substations by single lines (for example, the feed
of snbstation P-1 by line L-1) does not provide the high reliability
of power supply, since emergency to line or its cutoff/disconnection
for repair they lead ¢tc the prolonged cessation of the nourishaent of
the users of substation, For preventing this they reserve the feed of
critical and powerful/thick substations, for example, by the
construction of two feediny lines: lines L-3 and L-4, feeding

substaticn P-3, liness L-5 and L-b, feeding RP, etc. In the case of

e o

cutoff/disconnactinn of cne of the feed lines of the corresponding

substation without interruption continues along the second line.

The diagrams of the reduciny substations to secondary voltage to ;
1000 Vv, for example substations P-1, P-2, P-3, etc. in Pig. 3-S5, are
fulfilled similarly *o diagram in the part of the transformers T-1

and T-2 ir Pig. 3-2.

Fig. 3-6 in the form of an example gives the unilinear diagranm
of district substation (P-7 in Fig. 3-5), on which are shown the

switches and the disconnectors; remaining apparatuses are omitted. On
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side of both voltages is accepted one system of collecting mains. On
the very powerful/thick substations, which feed responsible users,

are performed also two systems of collecting mains as in the diagrams

of Fig. 3-4 in *he part ¢f the transformers T-1 and T-2.

On the district pcuwer plants where entire/all developed by
generators electric power is put out in the electric system of the

increased voltage 35 kV and it is above (with exception of the small

part of electric power, expended for its own needs of station), finds
a use the diagram, given on Fig. 3-7. In this case of collecting
mains not no generator voltage there is in view of the absence of
1sers naar station. Generators work in parallel on the collecting
mains of the increased voltage. Each generator with its step-up
transformer forms the integral unit, which is called "block generator

- transformer®".

Between *he generatcr and the step-up transforamer of no
disconnecting apparatuses it is established/installed, since each of
them individually work cannot. Are established/installed swvitches
oniy on the side of high voltage of each block vhere are provided two
systems of collecting mains. For the fead of its own needs of station
(electric motors and illuminatioans) each aqggregate/unit has a
transformer of its own needs, conuected to the busbars between the

generator and the step-up transforamer.
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3-3. Rated currents and power of electrical equipaent.

The nominal (permitted) curreat of electrical machines,
transformers and apparatuses 1s called that greatest pfolonged
current with course of which how conveniently long time and at
specific calculated ambient temperature the temperature of heating

current-carrying parts and insulation does not exceed the

established/installed by noras value.
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Fg. 3. Fg. 31

Pig. 3-6. the unilinear diagram of transformer substation.

Key: (1) . kV.

Pig. 3-7. Unilinear diagram of district power plant.

Key: (1). Waste/exiting electric power lines. (2). kV are above. (3).

Step-up transformers. (4). kV. (5). In closed distributor of its own

needs of station.
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Page U6,

Calculated ambient temperatures at present in the USSR are as

follows:

for electrical apparatuses {(GOST 8024-56) and power transforaers

(GOST 401-41) the temperature of surrounding air ... 3s59c.

for electrical machines (temperature of entering the machine air

or hydrogen):

for turbogenerators (GOST 533-51) and synchronous condensers

for the hydraulic generators (GOST 5616-50) and other machines

for bare and insulated wvires, bushars and powver cables, laid in

air ... 259cC.
for power cables in the earth/gqround ... 159c,

The long permissitle temperatures of heating the parts of

electrical machines, tramsforsers and apparatuses depend on the kind

e e a e e



DOC = 79134803 PAGE /60
(class) of insulation, the design life (the higher the temperature of
heating insulation, the less the period of its service), peraissible
temperature of heating contacts and they are established/installed by
appropriate GOST (some of these temperatures are given subseguently

in the examination of apparatuses and machines).

The established/installed by GOST 6827-54 scale of rated

currents for electrical apparatuses is given in Wable P-6.

For electric generators and pover transformers are
established/installed the specific standard values of their nominal
power. With respect to this their rated currents (/. .A) are
determined by nominal power (S, kVA) with nominal voltages (Uus

kV) s
) S,

hew=v50_2"
The nominal power of generators and transformers are determined
under the same conditions as rated currents, i.e., at a calculated
ambient temperature and a long permissible teamperature of heating

current-carrying parts and insulation.

The fundamental characteristics of the turbogenerators of Soviet
plants are given in Table P-1, and hydraulic generators - in ¥able
P-2. Since the resistive load of generator determines cha’ging

primary motor/engine, then givan in table P-1 active pover are the
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nominal power of steam turbines.

In Table P-4 are given the fundamental characteristics of power
transformers, while in Vapble P-5 - autotransformers of Soviet plants.
One should remember that for transformers nominal pover is the power
on the terminals/grippers of secondary winding with its noaminal

voltage, i.e., with open-circuit voltage.

3~4. Power systens.

At present widely is realized the multiple operation of poser
plants on general/commonstotal electric system. This association of

pover plants is called power system (power system).

Porming part of the power system of power plant, electric power
lines, substations and thermal networks/grids are connected into one
vhole with the generality of mode/conditions and with the continuity
of the process of production and distributing electrical and thermal

energy [ L.. 3-61.

Electrical system is called the part of the power system, which
consists of generators, distributors, electrical networks and

electrical receivers.
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£lectrical network is called the part of the electrical systen,
wvhich consists of substations and electric pover lines of different

voltages.

Pig. 3-8 in the fore of an example gives in unilinear isage the
part of the schematic diagram of the connections of powerful /thick
power system. On all stations and substations is conditionally shown

one system of collecting mains.

In power system are united the powerful/thick district of
hydroelectric station S-1, two thermal district pover plants S-2 and
S-3 heat and power plant S-4., All stations are connected with
electric system by voltage 110 kV. Electric power lines 110 kV L-2,
L-3 and L-4 form the high-voltage ring; the cutoff/disconnection of
any of these lines does not disrupt the connection/communication

betvween the fundamental elements of systen.

on district powver plants are performed the block diagraams of
connection of generators with the step-up double wound transforsers;

busbars not no generatcr voltajge on these stations there is.

Hydroelectric pover plant S-1 is distant up to considerable
distance from the fundamental electric network of 110 kv of pover

systam: therefore it is connected with it at voltage 220 kV with two
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parallel lines L-1 through the powerful/thick substation P-t,

Station S5-2 is connected directly into the ring of lines 100 kv,
while S-3 station is connected to the fundamental network/grid of
system by lines L-5 and L-6 through busbars of substations P-2 and

p- 3-

Page 47,

Heat and pover plant S-4 is connected to system by line L-7
through the busbars of substation P-1. Let us note that heat and
pover plant compulsorily they do not connect with systen at voltage
110 kv, This depends on the location of heat and powver central in
system, amount of power, transmpitted by the line of its
communications with system, and distance from it to the nearest
district substation. So, if heat and power plant was arranged/located
nearer to district substation P-2, then it it would be possible to
connect with system on any of three voltages: 110, 35 and 10 kV. In
this case the rational solution can be fcund only via the

technical-economic comparison of versions.

Substations P-1 and P-2 are the powerful/thick junction/unit

suhstations of system. On substation P-1 are established/installed

reducing triple-wound autotransforamers, which have autotransforamer
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connection/communication between the windings 220 and 110 kV and
transformer couplings between thes and low-voltage winding (for
greater detail, see ehapter 23) . from the collecting mains 10 kv of
this substation are supplied to electric consumer, arranged/located
in immediate proximity of the substation: individual industrial
enterprises, districts of large/coarse city, agricultural users, etc.
Purthermore, at the voltage 10 kV of substation are
established/installed two synchronous condensers SK, employees for

mining the quadergy.

On substation P-2 are established/installed the step-down
triple~wound transformers. At voltage 35 kV are supplied the
sufficiently vast regions in whica can be arranged/located
industrial, public-service and agricultural users. At voltage 6-10 kV

are supplied the users, located near substation.

Substations P-3 and P-4 are eguipped by double wound
transformers and can have any of the indicated in the diagram three
secondary voltages.,

Substation P-3 is passage, while substation P-4 - blind, final.

In the diagram 3-8 is shovn only the part of the lines 220 and

110 kV of system and are in no way shown the networks/grids 35-10-6
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kv, which feed from the busbars of the reducing substations and heat

and powver plant, or network/grid by voltage to 1000 V. The
nourishment of users froam the busbars 6-10 kV of substations is
realized just as from the stations of the same voltage (see diagram

in Figl 3‘5) .

The creation of power systems has high national-econonic value.
Pirst of all with joint operation on the general/common/total
electric system of the series/row of power plants during the correct
distribution between them of the total load of system is achieved the
more economical use of equipment of separate power plants and energy
resources/lifetimes of region (fuel/propellant, water energy), and
also the decrease of the losses of electric power in networks/grids
how is provided a decrease in the consumption of fuel, especially
expensive high-energy and long-range propellants, and the
considerable reduction of prices of electric power. First of all are
utilized those power plants, which are equipped by the most ideal
aggregates/units which work with the greatest efficiency and on cheap
fuel/propellant, and also the hydroelectric pover plants, which give
cheapest electric power. In this case each of the stations of systea

covers/coats certain assigned part of the load of systena.

Pig. 3-9 gives the diurnal graph/curve of the load of power

gsystem, on which is given exeaplary/approximate load distribution
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betwveen the entering the system heat and powver plants, district

thermal and hydroelectric statioas.
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Pig. 3-8. Schematic diagram of power systenm.
Key: {(1). kvV.

Page 48.

Central heating plants load, being guided by their thermsal
graphs/curves of lcads, i.e., by a quantity of steam necessary for
the heat supply of industry and cities. By this are achieved the
full/total/complete guarantee of central heating users and most
economical electric energy Jeneration (see §2-2), If necessary, if
the power of other stations of system in some period of time it is

insufficient, heat and power plants can bear certain increment load
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in condensation mode/conditions, which, however, decreases their

efficiency.

The load of hydroelectric power plants determine taking into
account the control of flow rivers. The remaining load of system they

distribute between thermal local exchanges.

As peak stations, which work into the watches of the full loads
of system (Fig. 3-9), predominantly are utilized the hydroelectric
power plants, especially i1n the periods when they are not provided
with water for a continucus operation at full power. High value have
simplicity and short starting time of hydraulic generators (with the
complete set of load less than 1 min). Sometimes are utilized as peak
stations the thermal power plants, which work on iamported

fuel/propellant and least econosmical.

The association of power plants by multiple operation
considerably increases the general/common/total reliability of the
power supply of users. With emerygency and cutoff/disconnection of one
of the stations of system its load is redistributed between other
stations of system. In this case due to charging to noaminal power or
even due to the small short-term overlcading of the aggregates/units
of the remainingy in work stations is provided the uninterrupted

nourishment of all or at least most responsible users of disconnected

_ e d
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station.

At isolated/insulated the working stations is necessary the
installation of standby units, capable of replacing off
aggregates/units during their damage or repair. With to the multiple
operation several stations there is no necessity to establish/install
standby units in each station and completely it suffices to have

total for an entire systea resecrve capacity.

In powerful/thick power systems is possible the construction of
very large/coarse power plants with the aggregates/units of the large
power: 2C0-400 MW and even are more. Is explained this by the
following reasons. Por the uninterrupted power supply of users it is
necessary that the system would have available a sufficient reserve
capacity. They usually consider it technically sufficient and
economically advisable tc have in system the reserve capacity, equal

to a, proximately/exemplarily 10o0/0 of pover of the aggregates/units

of system. At the same time this reserve capacity must be not less
than the power of the larges/coarsest aggregate/unit,

established/installed at the stations of systenm.

For example, in the power system with a power of 1000 NW, vhich
has available reserve capacity approximately 100 MW, the installation

of the aggregate/unit with a power of 200 MW requires increase in the
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reserve capacity of system not less than to 200 MW, i.e., to 200/0,
that economically it cannot be justified. At the same time in the
systems with a power of 2000-4000 MW and more reserve capacity is
200-400 MW and more, which makes it possible to establish/install in
such systems the aggregates/units with a power of 200-400 MW and even
more powerful sthick. Analogous considerations show that only in
united systems of very larye power it is possible to install the
power plants with a power of 1000-1200 MW and more with a relatively

small number of powerful/thick aggregates/units,

In the USSR there are more than 60 power systems. Largest of
them are Moscow, Leningrad, Donbas, Dneprovsk, Chelyabinsk and many

others [L. 3-71.




DOC = 79134803

Z
TN

Pig. 3-9. Diurnal graph/curve of the resistive loads of pover systen

with the indication of exemplarys/approximate participation in coating

of its different power plants.
Key: (1) . KW. (2). Peak stations. (3). howrs.
Page 49,

As early as the prewar years was initiated the association of
separate power systems to multiple operation. At present work the
pools: Ural, which unites the Sverdlovsk, Chelyabinsk, Permian,
Bashkir and Urussunsk power Systens:‘gouthern, vhich unites the
Dneprovsk, Donbas, Rostov and Stalingrad power systems; égntral,
which unites Moscow, Gor'kiy, Ivanovo, Yaroslavl, Vladimir and

Kalinin power systems.
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The largest power plant of the country - the Volga hydroelectric

power plant im, V. I. Lenin with a power of 2300 MW is connected with

power transmissions by voltage 400 kv with the central and Ural

pools.

Povwer transmission 400 kV from Volga hydroelectric power plant
to Moscow with capacity to 1500 M4 consists of two parallel lines

long than 800 km each.

Electric pover line 400 kV Volga hydroelectric power plant -
Urals in 1958 is ledl to Chelyabinsk and there will further be

continued to Sverdlovsk; the total length of this line 1050 ks=s.

Let us note, that lines indicated above of transmission 400 kV
subsequently it is planned to transfer to voltage 500 kv, that
considerably will increase their capacity with small supplementary

expenditures,

Thus, they already work in parallel to the power plant of the
central and Ural pools and Kuybyshev power system. With this most is

created the base of the single power system of the European USSR.

In 1960 the éentral pool will begin to obtain electric power

from Stalingrad hydroelectric power plant along two lines by voltage

e e Bt b . b . wi & e L mmes
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500 kV in long approximately 1000 kma.

In 1960 must put into operation the electric power line of
direct current by voltage 800 kv, length of 470 ka and by the
capacity 750 MW, which will connect Stalingrad hydroelectric power
plant with the power system of Donbass, entering the southern

integral systenmn.

As a result of entire this, and also construction of new
poverful /thick power planmts and connection of other powver systeas,
the power of the single power system of the European USSR in 1965
comprises about 50000 MW, while in 1972 - approximately/exemplarily

72000 MW. This there will be important in the world power coabine.

BEverything said earlier relative to the technical-econoamic value
of the creation of power systems for national economy even in larger
measure is related to the pools and, of course, to single powver
systen. We will be restricted to one example. Since twilight, but
respectively also evening load peaks in Urals begin on 2 h earlier
than in Moscow and Donbass, then only due to this association of the
power systems indicated will give decrease in the united load peak on
400-500 MW, vhich will make it possible to carry out the nourishment
of new users wvwithout the instal lation of the supplementary generating

pover on power plants (L. 3-8].
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At present Leningrad power system is connected vwith electric
pover line by voltage 110 kV with Estonian power system. On this base

vill be further developed the powerful/thick North Western pool.

In Caucasus Georgian power system is connected with Azerbaijan.
Subsequently will be created the powerful/thick Caucasion pool into
wvhich I will enter Georyian, Azerbai jan, Armenian and Krasnodar power

systeas.

During the years 1960-1965 will be created the pools in Western
Siberia with total installed power on the order of 8500 MW and in
East Siberia - approximatelys/exemplarily 12000 MW. To 1972 the pover

of Siberian systems will exceed 36000 MW.

The following important stage in the development of power
engineering of the USSR will be the creation of the power pool systea
of the Soviet Union. Por this association of the European USSR with
the connected to it powerful/thick North Westernm and Caucasion
integral systems it will be connected with the system interconnection
of central Siberia and the power systems of Central-Asiatic union
republics., The realization of this enormous association will require

the construction of the series/row of the very powerful/thick and
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extended electric power lines by voltage 500 kv, and possibly, and

higher voltage.

With the joint operatiom of power plants on general/cosmon/total
electric system is necessary the centralized management/manual of
their work. This management/manual is realized by a central traffic
control service of the power system in function of which enters the
guarantee of fulfillment of the state plan of the power production,
quality of energy, accident free and economical work of power systes.
Por achievement this central traffic control service realizes
operative management and current planning, establishes/installs the
most advantageous and most reliable modes/conditions of the work of

separate installations and power system as a whole,

Page 50.

Operative management of the activity of entire attendant
(interchanqgeable) personnel of power plants and supply-line regions
is accomplished by the attendant dispatcher of power system, who

during his duty is old operational face in power systen,

Attendant dispatcher is located on the centrol room of power
system, equipped by the dispatch board, on which are indicated all

fundamental elements/cells of power system and with the aid of
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special signaling is reflected their position (it is connected,
disconnected, in repair, etc.). On the dispatch bhoarad are
established/installed also the necessary measuring meters, which
indicate loads and voltages of individual parts and installations of
system. Control room is equipped also by different coammunications

vith separate stations and by supply-line regions.

The attendant dispatcher of system monitors the fulfillment by
the power plants of the system of the assigned graphs/curves of
loads, he follows the correctness of control of voltage and
frequency, it leads by the operational actions of the attendant
personnel of power plants and supply-line regions both during the
normal mode of work and upon the liquidation of emergencies via the
giving of indications about start and cutoff/disconnection of

generators, power transformers, electric powver lines, etc.

Sometimes the dispatcher can independently perfora the
process/operations indicated directly frcm ccntrol room with the aid
of the special units of the control at a distance - of the so-called

devices/equipment of remote control.

Remote control by fundamental osbjects pover systems and wide
automation of the production processes of hydroelectric and thermal

power plants, and also electrical networks make it possible to a
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considerable deqree to shorten the number of personnel of all
components/links of power system. Many hydroelectric stations and
substations generally can successfully vork without on-duty

personnel,

For the management/manual of the work of the pools are created
special dispatcher controls of association. The attendant dispatcher
of association leads by the work of the attendant dispatchers of
separate power systams in that part in which this is reflected in the

work of the entire pool.

3-5. Fundamental probleas of powvwer systems, power plants and

ne tworks/grids.

The operation of all components/links of the system of
production, transmission and electrical powver distribution must be so
it is organized so that the users would be provided in a proper
quantity high-quality and possiple with cheaper electric power. In
accordance with these fundamental problems of power systems, pover

plants and networks/grids they are (L. 3-:1]:

1« Fulfillment of the state plan of
consumption/production/generation, transmission and energy

distribution and coating the established/installed load peak.
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2. Guarantee of reliable work of equipment and uninterrupted

powering of users.

In general the cessation of feed by electric pover of industrial
enterprises can cause: 1) the underproduction of production for
shutoff period: 2) the damage of rav material and unfinished
production (for example, to certain chemical and metallurgical
productions); 3) damage and disorder of production equipaent even 4)

deterioration in the sanitary-hygienic conditions of work.

If we consider entire damage, applied to production by
emergencies on electrical devices, it will prove to be that for each
under produced by industry kilowatt-hour of electric powver the losses

of industry reach 10-15 rub and even it is more.

On electrical devices themselves some emergencies are

accompanied by the damage of the most valuable equipment.

Experienca of operating networks/grids, power plants and powver
systeas as a whole shows that the emergencies appear as a result of
the errors, allowed during design and mounting, the direct erroneous

actions of operating personnel, and also as a result of late taking
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by it of preventive actions (imnspections, repairs, tests, etc.).
During careful Adesign and aounting, and also during the correctly
organized operation of emergency they can be completely eliminated

and electrical devices can be trouble free.

3. Maintenance of normal quality of released energy - frequency
and voltage of electric curreat, pressure and temperature of steans

and vater,

The quality of electric power is determined by its voltage and
frequency. Is necessary the observance of the single frequency in
system ard the assigned voltages in its separate parts. If the
electric motors of industry are supplied by electric power of
defective quality (low voltages or frequency), then the speed of
their rotation hecomes less than the nominal, that entails the
underproduction of production, and in a number of cases the
considerable overheating of eagines and the decrease of the period of
their service. In some enterprises can occur deterioration in the

quality of production and even damage of production.

4. Achievement of greatest efficiency/cost-effectiveness of work
by every possible decrease of specific expenditure of fuel/propellant
for manufactured electrical and thermal energy, decreases in energy

consumption for its own needs of stations, and also decrease of

=
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losses to transmission and energy distribution.

Page 51.

High va.:# have an increase in the use of the established/installed
equipment and the careful observance of most economical
rodes/conditions the operations of separate aggregates/units and
transmission lines. At the same time is necessary a decrease in
initial initial costs of installations, but not to the detriment of

the requirements of accident free and economical work.

In electrical devices very vital importance has also providing

safety of work of the service personnel.

puring desiqgn, installation and operation of electrical devices
is to strictly fulfill all instructions of the "rules of the
device/equipment of electracal installations”, the "rules of the
operation of elactrical stations and retworks/grids", "safety
requlations®” and other directive and instructional materials on these

gquestions of the corresponding leading organizations the USSR.
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Chapter Four.
Graphs of the loads of elactrical plants.
4-1. General information.

The generators of power plants at each moment of time must
develop the active and reactive power, sufficient for the nourishment
of users, covering the losses in netvorks/grids and power

transformers and of expenditure for our ovwn needs of stations.

The necessary active power is generated ty the generators of
pover plants due to the appropriate load of their primary
motor/engines. Reactive power is yenerated both by the generators of
stations due to their appropriate excitation and by others especiallv
by the adjustable sources of reactive power - by the synchronous

condensars or by capacitors/condensers.

Active power consume the tuoes of electrical illumination,
everyday and industrial heaters and some other electrical receivers:
electric motors, electric induction furnaces and other similar to

them electrical receivers consume both the active and reactive power.
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Transmission and electrical power distribution are accospanied
by the losses of active power for heating of the wires of the lines
of electric systems, vwindings and steel c¢f transformers. Reactive
povwer is expended/consumed on coapiling of the magnetic fields of

electrical lines and in transformers.

Certain power is expended/consumed on its own needs of stations
and substations: electric lighting and feed of the electric eotors of

mechanisms of its own needs.

The mode sconditions of the work of the users of electric pover
does not remain constant, but it is changed in different hours of
days, days of week and montas of year. Respectively changes the load
of all components/links cf transmission and electrical power
distribution and generators of stations. As has already been
indicated into /2-1, a change of the loads of electrical devices
accept to depict graphically in the form of the graphs/curves of

loads.

Are distinquished the grapas/curves of active and reactive load.
In the first case along the axis of ordinates they plot/deposit
resistive load in kilowatts (kW), and the second - reactive load in

the kiln-volt-amperes of reactive/j)et ones (kilovar).
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By duration are distinguishea the diurnal and annual

graphs/curves of loads.

Diurnal graphs/curves of loads. In the form of an example Fig.

4-1 gives the AdAiurnal graphs/curve of the resistive loads of certain

alectrical device.
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Pig. 4-1, Diurnal qraph/curve of resistive loads, constructed

according to points.
Key: (1) . MW. (. hours.
Page 52,

The values of the rasistive loads of installation at different times
of days determine in projects by the appropriate calculation, and in
operation - according to readings of measuring meters. The isolated
points of graph/curve, which correspond to the loads indicated,
connrect by straight lines, why graphs/curves has the type of broken
line. A similar graph/curve will be the more precisely, the less the

time intervals accepted between two adjacent loads.

e
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The area of graph/curve determines the consumption of electric
power (kWeh); therefore for simplicity of computation it it is
expedient to construct the graph/curve of stepped form (Pig. #-2).
With construction of sterpped graph/curve take load the installations
of constant/invariable in time interval between two adjacent loads.

So are constructed the graphs/curves of reactive load.

Por performance data of instailation during year it suffices to
have diurnal graphs/curves for the most characteristic days of year.
Por the majority of installaticns the most characteristic diurnal
graphs/curves of loads are winter (end/lead of December) and summer
(end/lead of June) diurnal yrapas/curves. For some installatioms,
connected with seasonal users (agricultural users, peateries, etc.),
can be of interest alsoc spring (March - April) and autumnal
(September - October) the diurnal graphs/curves of loads. Winter
graph/curve usually corresponds to the full loads of installation
during year (greatest expenditure for electric lighting), and summer,
on the contrary, smallest, although they can be and
exception/elimination (water-pump stations, peateries, agricultural

users, etc.).

The full load of installation on diurnal graph/curve (usually by
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the duration not less than the half-hour) is called the maximum

diurnal load P, ., (Fig. 4~1 and 4-2). The full load of this
installation in the duration of year call peak load installation P,
(greatest ordinate of the greatest in year diurnal graph/curve, for

example, wvin*ter).

The area of diurnal graph/curve (Fig. 4-2) on the specific scale
gives electric pover into k*lowatt-hour A,,. manufactured or consumed

by this installation in the course of twenty-four hours.

Knowing A, it is possible to determine the medium load of

installation in days in kilowatts (Fig. 4-2):

P ey; =1§4'T1‘ (41

In practice are subdivided all numerous users of electrical

stations and substations into characteristic groups, being guided by
the generality of their operating mode, to the example: 1)
public-service loads - habitable houses, exterior lighting, trolley
and trackless trolley bus, water pipe and channeling, etc.; 2) powver
and lighting commercial loads with supplementary subdivision
according to branches of industry, number of exchanges and the like;

3) agricultural loads (power and 1lighting); 4) the electrified

transport, etc.

Pig. U-3 and 4-u4 give the standard diurnal graphs/curves of
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loads for some groups of users, constructed on the basis of the
many-year experience of operation. The ordinates of these

graphs/curves are expressed in the percentages of peak load.

The character of load change from the interior lighting of the
buildings of city in large degree 1s determined by geographic
latitude (duration of the dark and light parts of the days). The
diurnal graph/curve of loads froa the interior lighting of the
buildings of large/coarse city somewhat differs from a similar
graph/curve for a small city and the more so for a settlement. Then !

is related also to exterior 1lighting.
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Fig. 4-2. Diurnal graph/curve of resistive loads.

Key: (1) . NW. (2. hours.

Page 53.

The graph/curve of loads from the electrified transport (trolley

and trackless trolley btus) depends on the character of city, relief

of locality (even, hilly, etc.), traffic volure on lines, etc.

The graphs/curves of the ioads of industrial enterprises can

considerably differ fros standard depending on beginning and end/lead

shifts, time of dinner breaks, value of night load, etc. Enterprises




DOC = 79134803 PAGE /?7

in different fields of industry can have the differing graphs/curves

of loads. For example, the graphs/curves of the loads of chemical
enterprises are alvays more unifors in comparison with the

graphs/curves of the locads of the Machine Building Plants.

Sometimes the operating time of different enterprises of
artificial shift/shear for the purpose of the creation of the more
uniform load of electrical stations and substations, This can lead to
the fact that even for uniform enterprises, but working into

different time, diurnal graphs/curves will be somevhat different.

The separately working powvwer plants, and also the reducing
substations supply certaan limited circle of users. The fora of the
diurnal qraphs/curves of similar ianstallations depends on the
composition of their users. With considerable load from electric
lighting diurnal graph/curve is very nonuniform, since load into
evening hours is considerably more than loads into daytime, night and
morning hours (FPig., 4-5), Diurnal graph/curve in summer days sharply
differs from diurnal grapas/curve in winter days both value of loads
into different hours and by time of peak load which is displaced by
the later hours of days. Therefore the annual mode of operation of
electrical station or substation, which feeds predominantly
electrical illuminating users, is characterized by large

nonuniformity.

LL———-—_-*J—“A"-—A ottt ot i o b ittt
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With considerable power load, especially in the presence two-
and three-shift/three-vay interchangeable enterprises, diurnal
graph/curve is more uniform (Fig. 4-6) and loads in winter days less
differ from loads in the summer days (is more unifors annual
mode/conditions) . The more uniform the graph/curve, the aore
full/totaler/more complete 1s utilized the established/installed at
station equipment and with which the large the efficiency it works
{descends the prime cost of that developed of the kilovatt-hour of

electric power).

Fig., U~-6 gives also the diurnal graph/curve of the reactive load
of power plant. The maximums active and reactive load usually do not
coincide, since during the maximum resistive load installation wvorks
with the the highest cos¢ as a result of considerable lighting loaad.
Manifests itself also the fact that by this time conclude work the
small/fine one-shift enterprises, equipped, as a rule, by small/fine
electric motors with the the low coss. On the other hand, into the
daytime hours when lighting load is small in comparison with power,
installation works with smaller cosé, that also gives an increase in
the reactive load. Thus, reactive load changes disproportionately

active as a result of inconstancy cos¢ in the course of twventy-four

hours.
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Fig. 4-3. Standard diurnal graphs/curves of the loads of the
public-service of electric consumers. 1 - electric lighting of the
habitable houses; 2 - small/fine domestic electric appliances; 3 -
electric lighting of the public buildings; 4 - external electric
lighting; 5 - everyday light power motors; 6 - the pumping stations
of water pipe and channeling; 7 - urban electrified transport
(trolley, trackless troclley bus); 8 - summary chart for a city with

the population of 20-250 thousand inhabitants, wvhich considers load

curves by 1-7.

Key: (1). Winter days. (2). sumaer days. (3). hours
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Pig. 4-~4. Standard diurnal graphs/curves of the loads of industrial
electric requirements, 1 - with the one-shift work:; 2 - with the
two-shift work; 3 and 4 - with two-and-a-half and

three-shift/three-vay interchangeanle work.

Key: (1). Winter days. (2). Summer days. (3). heuis.

Page S4.

Value of cosé of installation depends also on charging of the
electric motors of users into different hours of days, on the value
of the voltage, conducted/supplied to electrical receivers and, etc.
With the decrease of the load of network/grid decreases loss of
voltage in it and somewhat iacreases the voltage, conducted/supplied
to electric motors. In connection with this increases the consumed by

them reactive povwer.

In pover system all in parallel working stations participate in

coating of the total load of the system (see §3-4, Fig. 3-9). Since
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the networks/grids of power systeas encompass very vast region and
supply a large number of users with different modes/conditions works,
then their diurnal graphs/curves of loads are more uniform, rather

than the diurnal graphs/curves of the loads separately (it is

isolated/insulated) of the working power plants. The diurnal
graphs/curves of the loads of systems are similar to those given in

Fig. 4-6.

Annual graphs/cur ves of loads. The special
features/peculiarities of the annual mode/conditions of the work of
electrical devices clearly are revealed/detected with the aid of the
annual graphs/curves of loads. In practice they most frequently use
the annual graph/curve of a cnange in the diurnal peak loads and

annual graph/curve in duration.

The annual qgraph/curve of a caange in the diurnal peak loads for
stations with the predominant lighting lcad is given in Pig. 4-7.
Along the axis of abscissas are deposited/postponed the days om the
months of year (from 1 January through 31 December), while on axis of
ordinates - diurnal load peaks. The peak load on 31 December is more
than the maximum load on 1 January as a result of an increase in the
load in year. The smallest diurnal peak load falls on 1 July. This
graph/curve approximately can be constructed in the form of broken

line as this in the form of an example shown by greasy/fatty dotted
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line in Fig. 4-7.

If are known a number and the pover of the established/installed

aggregates/units of station or substation (generators or

transformers), then, by using a similar graph/curve, it is possible
to establish how many aggregates/units must be located in work in
different periods of year. This makes it possible to utilize this
graph/curve for the establishment of the possible periods of the
repair of aggragates/units and number of aggregates/units, which can

be simultaneously overhauled.

Por example, let us suppose that at the station the annual
graph/curve by which is given in Pig. 4-7, are established/installed
four aggregates/units of the i1dentical power, one of which is
stand-by. After conducting on annual graph/curve the horizontal
lines, which correspond to the power of aggregates/units, wve find
that for coating of maximum loads in periods from 1 January through 1
April and then from 1 October through 31 December are necessary three
working aggregates/units, in periods from 1 April through 1 June and
from 1 Augqgust through 1 October for coating cf peak loads are

necessary two aggregatess/units, but in period from 1 June through 1

August - only one.
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Fig. 4-5. Diurnal graphs/curves of the locads of power plant.

Key: (1). kW. (2). Winter days. (3). Summer days. (%) houvs
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Pig. 4-6. Diurnal graphs/curves of loads of poverful/thick power

plant or power system,

Xk ba -
Key: (V) . kW{X(Z). Resistive load. (3). Feactive load. (4) leurs.

Pig. 4-7. Annual graph/curve of change in diurnal peak loads.
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Key: (1) . kW. (2). Days.
Page 55.

Using these data, establishes/installs most rational periods
conducting the scheduled maintenance of the aggregates/units of
station with the retenticn/preservation/maintaining of the necessary

reserve capacity.

Annual graph/curve on duration is given in PFig. 4-8. This
graph/curve shows duration of the work of installation during year
vith different loads. BAlony the axis of abscissas are
deposited/postponed the hours of year from 0 to 8760 h, while along

the axis cf ordinates - load in kilowatts,

Approximately annual yraph/curve on duration can be constructed
on two characteristic diurnal graphs/curves of the loads of
electrical device (in wvinter and summer days), as shown in Fig. 4-9,
In this cas2 conditionally they accept, that the duration of winter

period of 213 days (7 mo.), and summer - 152 days (5 mo.).

Construction they begin with maximum and fulfill by wvay of a
gradual decrease in the powver, for which through both diurnal

qraphs/curves is carried out the series/rov of the horizontal lines
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the distance between which select in accordance with desirable

accuracy constructions,

In the form of an example let us show the deteraination of the
annual duration of power P,: from winter graph/curve t,, + 1%, from
summer - zero; annual T,=(,,+1,)213. Plotting/depositing the obtaimed
value of T, along the axis of the abscissas of annual graph/curve, we
find point a. the annual duration of power P,: om winter graph/curve
ty2+4» ON summer 43 is annual Tp= (4 ,)213+¢,,152. On annual

graph/curve this correspoands to point b.

After fulfilling all constructions, is obtained annual
graph/curve in the form of stepped broken line. It is possible to
draw the curve of annual graph/curve (dotted line in Pig. 4-9), but
so that the area, enclosed by this curve, would be equal to the area,

limite by stepped line.

If necessary more precise constructions of annual graph/curve
use a large number of diurnal graphs/curves, for example in winter,
summer and spring-autumn days. In the latter case they conditionally
accept the duration of winter and summer periods on 91 days, and the

spring-autumn period - 183 days.

The area of annual graph/curve on the duration (it is shaded in
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Pig. 4-8) on the specific scale gives electric power into
kilovatt-hour 4., manufactured or consumed by installation during

year.

The average annual load of the installation
A .
P».ru:ﬂ% . (42)

vhere 8760 - number of hours in year (24x365).

Annual graphs/curves on duration are utilized in the
technical-economic calculations: with the determination of the most
advantageous number and power of the aggregates/units of
installation, losses of electric pover in networks/grids and

transformers, etc.

R
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Pig. 4-8. Annual graph/curve on duration.

Key: (1}{ kW. (2). he
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Pig. 8-9. Construction of annual graph/curve on duration.

Key: (1 . kXH. (2). Diurpal ygraph/curve in winter days. (3). Diurnal
graph/curve in summer days. (4). Annual graph/curve on duration. (5).

h.
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Page 56.
8«2, Designmation of the graphs/curves of loads.
Ia operation on the graphs/curves of the loads:

f. Is established/installed the starting time and stop of the
aggregates/units of station hovw are provided the steadiness of feed
by slectric power of users aad the efficiencys/cost-effectiveness of
the operation of station. Since for launching/starting and ccnnection
of aggregates/units is necessary for a vhile, the time lag in the
connection of aggregatessunits with am increase in the load of
station can lead to the overloading of the working aggregates/units
and need of the cutoff/discomnection of the part of the users.
Presature launching/starting or late cutoff/disconnection of
aggregates/units leads tc a decrease in the average/mean charging of
aggregates/units, which can be reason for decreasing in plant
efficiency, excessive fuel consumption and rise in price of electric
pover. Everything said to a deterained degree is related to the
substations on which a nusber of comnected transformers is expedient

to change with a change ia the load of substation.
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2. They deterainme, what guaatity of electric powver can be
sanufactuered during days, year or other periocds of operation. Knowing
electric energy generatiocn and specific fuel comsuaption per the
sanufactured kilowatt-hour, it is possible to determine the fuel
coasuaption at station during certain period of operation (but on
hydroelectric power plants according to the specific
expeaditure/consuaption of vater - erxpenditure/consumption of wvater

during the specific period of tise).
3, Plams/glides tiame comducting of repairing basic equipment.

In operation one should in every possible way approach the
achieveaent possible of the sore uniform graph/curve of the lcads of
station (substation, system), thamks to wvhich is raised the use of
the established/installed equipasent, decreases the specific fuel
consuaption and as the final result is reduced the price electric
pover. Very desirably also a decrease in the total load peak (without
dasage for the work of individual users), which allows at the same
installed power of station (substation, systes) to ensure the
nourishaent of the users of laxger power (commection of new users,

developaeat of those operating).
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Ia the industrial regioss of certain decrease in the total loail
peak and equalization of graphs/curve it is possible to achieve by
displacesent paths of the tise of the dinner breaks of shops within
large/coarse enterprises (vithout damage for their wvork),
establishaent of the necessary hours of the work of one-shift and
saall/zfine amateurish enterprises with the fact, in order for thenm to

finish work before the tisme of load peak froa illumination, so forth.

Is expedient the comnectionm of seasonal users, who work in the
periods of suaser dropping of load (peatery, some agricultural users,
otc.), and also users, who have light load during the load peak of

station {(substation, systes).

puring design on curves of loads is determined the peak load of
station or substation. Kmowiag the latter, and also character load
caanges during characteristic days and only year, select a nost
econonical and coavenient in operation number of aggregates/units and

their power.

The graphs/curves of loads use also with the computation of the
losses of eleciric powver in electric power lines and pover
transforaers, during the determination of most econoaical
sode/conditions the vorks of the aggregates/units of stations or

transformers of substations, also, for some other purposes.
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=3, .Coefficlents, which characterize the sodes/conditions of the work

of electrical plants,

Bodesconditions the work of electrical devices during certain
period of time (days, yvear) are characterized by the following

values.,

Degree of irregularity (filling) of the graph/curve of the loads
of jnstallation characterizes load factor (duty factor of
graph/cur ve)

A P
k?= rpllllc = ] - ! (4.3)

where T - a nusber of hours of the work of installation during the
period of tise (in days T=24 h; in year T=8760 h)in question; A -
manufactured or consused guaatity of electric pover for the sanme
time; ' P - mean load of installation for the same time;' P, - the

peak load of installation for the sanme time (days, year).

They distianguish k,,(,,, and % .. Whem ; —| (great possible value)
the graph/curve is converted iato straight lime, parallel to the axis

of abscissas (line dotted lime with point in FPig. 4-2 and 4-38).
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Page 57.

Pactor of lead %, shows how san) times the manufactured (consumed)
gquantity of electric power duriang the period of time (days, year) in
guestioa less tham that guaatity of electric pover wvhich would be
sanufacture” (it is consemed) within the same time, if the lcad of
iastullation alvays was equal to saximum, f.e., ... (k, it was equal
to the ratio of the area of graph/curve, equal to A, to the area of
rectangle OABY, equal to /... 7 - see Pig. 4-2 and 4-8). Comparing 4,
for different installations {(calculated during the identical period
of t'me), it is posmible to establish/ianstall, which of them works
with more maiforas graph/cucrve, since the more unifora the
graph/curve, nearer -, to ore.

Por the characteristic of the graph/curve of the loads of
iastallation it is possible to use also the desand time of the peak
load

A
Tunc = Ti:;: ’ (4-4)

vhich shows, how many hours duriag the period of time (days, year) in
question installation sust wvork with coastant/invariable peak load in
order to sanufacture (to consume) that actually/really aanufactured
(consuned) during this period of time a quantity of electric power

(r it is egual to the base of the rectangle with a height of
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P... whose area was equal to A, i.e., the area of real curve of

loads, see Pig. -2 and 4-8)..

It is obvious that 7, . <7. Comparing formulas (4-3) and (4-4), we
£ind:

A=kTP, =T.. P (4-5)

vhence

T —=rT. ~ (4-6)

Hanc L]

In practice they use also the capacity factor

P

A co
k= TP = 4-
s Py, Pycr -7

or the demand time of the installed pover

A__
Ty = =hT- (48)

Ia formulas (4-7) and (&4.8) by P, should be understood the
total installed powsr iam the kilowatts of all aggregates/units,

incladiang stand~-by ones.

The coefficient of use % characterizes the degree of
utilization of installed power of aggregates/units (use of
equipaent). It is obvious that £ <! amd %, gk,  When k,=h, on station

or substation there is no reserve capacity of generators or
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traasforaers.

The demand time of installed pover shows, hovw many hours during
the period of tise in question sust be to work all
established/installed at station generators (on substation -
transforaers) with full load, in order to manufacture the
actually/really manufactured for the tise indicated quantity of
electric power A. As a rule 7,  <T.

The annual demand time of peak load 7T of pover stations and

substations depends froa the character of their load and comprises to
2000-8000 b (k, =0,23—-0,45) for installations with coansiderable lighting
load and for isolated/insulated the workimg stations and to 4000-7000
h (R, =0,45—080) for the powerful/thick installations, which feed

predominantly power load, moreover more tham numeral they are related

to the power systess, wvhich feed the heavy industry, which works in

three exchanges.

8-, Construction of the diuramal graphs/curves of loads in operation.

The diwrnmal graphs/curves of loads, which are found in the

exploitatioa of users, cam be comstructed by measuring the required

by thes power.
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The graphs/curves of resistive loads can be constructed fronm
readings of the wvattmsters, adjusted in a number of cases on lines or
substations, vhich feed the powerful/thick consumers. For this
reading of wvattmeters they write/record through the specific time
iatervals - in ' h or 30 ain - depending on the desirable degree of
accuracy of graphing. In the absence of the constantly connected

vattaeters are utilized movable wattmeters.
Page 58.

The graphs/curves of reactive load can be constructed fror
readings of the ampere-voltaeters of reactive/jet ones. In the
absence of the latter are utilized the ammeters, the voltameters and
the vattaeters from readings of which are determined first factor of Q

the power

‘ P
s =V3ur

and then the reactive load

Q--Ps. (4-9)

Value of tge is found through trigonowetric tables in the known

valee cosé. In some cases are used phasemeters, which directly

seasure coséd.
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It is very siaple to construct the diurnal graphs/curves of
users fros the counter readouts of energy, established/installed fcr
calculation for electric power uith the feeding system. By counter is
deterained the average/mean value of the required pover from any

desirable degres of accuracy, i.e., in any time interval.

For example, if counter readout are written/recorded in the
hour, moreover two subsegquent readings are equal to A; and A,, *hen
the mediunm load of user in given hour will coampose A,-A,/1 k¥W. If
recording is conducted through each of half-hour, then medium load
vill compose (A,-A,)/1/2 ki, Haviag a recording of counter readouts in
days, it is possible to construct the diurmal graph/curve of the
loads of user (stepped, in terms of the average/mean values of

loadl) .

Analogously froa the coumter readouts of quadergy it is possible

to construct the diurnal graph/curve of the reactive load of user.

The diurnal graphsscurves of the resistive loads of power plants
and substations construct on the basis of hour (or half-hour)
recordings of readings of wvattasters, established/installed on
generators or transforsers. On small substations in the absence of
the vattaseters of the graph/curve of loads it is possible to

construct froam readings of counters established/installed to
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transforaers.,

the diurnal graphs/curves of the reactive load of generators are
constructed from readings of the established/installed on them
anpere-volteeters of reactivesjet ones, but in their absence are
wtilized readings of their ammeters, voltmeters and wvattmeters as

this shown above.

If on generators are established/installed the recording
(recording) wattmeters and ampere-voltmeters reactive/jet, then the
graphs/curves of the lcads of aggregates/units are obtained directly
on the tapes of these instrumeats. Summarizing the diurnal recordings
of recorders of all aggregates/umits, is obtained the diurnal
graph/curve of an entire installation. At powerful stations with
ssveral installations are installed also adding recording devices;
the total curve of the load of the station is recorded on the tapec n¢f

this instrument.

8-S, Coastruction during the design of the diurnal graphs/curves of

the loads of users and substatioas.

Por the coanstruction of the diurnal graph/curve of the loads of
substatioa it is necessary to have the diurnal graphs/curves of the

loads ¢f coasumers supplied froa this substation.
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Let us begin with the examinatlon of the simplest case of the
construction of the diurnal graph/curve of the loads of substation to
secondary vecltage of up to 1000 V, which feeds the group monotypic
electric receivers with the game operating modes (for example,
substations P-1 in Fig. 3-5). For this, first of all, necessary to
know total established/installed P, and total that connected
P, Dpowers of the electric recelvers.

Under the installed power of electrical receiver 1is understood
its power on certificate, i.e., its nominal power'fzﬁa Trn nartioylav
establisned/installed, i.e., by nominal, power of electric motor
is the power, developed with it on shaft with full 1oad.5{Thus
Pp=P,: it 1s defined as the sum of the nominal (certified/rating)

power of all electrical receivers, established/installed in the

network of substation.

By the comnected power of electrical receiver is understood +he

pover, consused by it from network during full/total/complete

charging. Por the incandesceant bulbs, heaters and furnaces

P,=P,=P,. while for electric sotors P,,:%:-%—"l". vhere 9, -
A

ef ficieacy of electric aotor during full stotal/complete (nominal)

charging.

Thus, P, is defined as the total pover, consumed from network
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by all electricity receivers whea they all are connected to network
and vork with full/totaly/complete charging. Approximately for the
P
group of electric motors Pmu=h;ﬂ. where ; =~ average/mean value the
X

efficlency of electric aotors. .

Coasused from metwcrk by the group of electrical receivers power
or, in other words, net load P, at any moment of the time, is always
less than the total comnected power of electrical receivers and is

only in rare cases equal to it (P, <P,)
Page 59.

Is explained this, first of all, by the fact that to electric
systea usually are connected not all established/installed electrical
receivers, but sometimes also by the fact that not all connected

receivers work with full load.

If ve take for an example the Internmal electric lighting of
habitable houses, then never it is so that would be simultaneously
connected all tubes of the iaterior lighting even of one large/coarse
habitable house, but that it is sore district of city, whole city,
settlement, etc. Even into the eveaning hours of winter days some part

of the tubes remains off.
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In the major industrial enterprise, equipped by a large numher
of electric motors, also never it is so that sisultaneously would
vork all established/installed electric motors, that as part of the
production mechanisas usuvally is located in leading-in or repair,
sany auxiliary mechanisas vork periodically (taps/cranes, hoists,
coapressors and many others), in complicated mechanisms with
co-ordinated drive the electric motors work in the specific saquence

in proportion to the fulfillmseat of separate process/operaticns, etc.

Prodection sechaaisas and sachinme tools supply with the standard
electric sotors vhose noainal pover sometimes somevhat exceeds the
required power of mechanisma or machine tool, deterained from the
conditions for their greatest charging. Hovever, the real charging of
sechaniss or machine tool is determined by the conditions for
technological process and can considerably differ from calculation.
Therefore sone electric sotors of enterprise work with fractional

load.

The greatest in year power, consused by electrical receivers

duriag not less thaa the half-hour, it is called peak load P, and

it is detersined from the coadition:
Pyanc =k¢k.Pm- (4-10)

vhere ; - & diversity factor of the work of the electrical
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receivers; &4 = load factor of electrical receivers.

Diversity facter 4 shous, what part of the connected power of
all established/installed electrical receivers composes the connected

powver of the receivers, which work during peak locad, i.e.

ko= P;p:o (4-11)
a
vhere P ., =~ the connected pover of the electrical receivers, which

vork duriag the peak load; P, - total connected pover of all

electrical receivers.

Load factor # characterizes charging the electrical receivers,
which work duriag peak load. In other words, load factor shows, what
part of the comnected power of the electrical receivers, which work

duriag saxisum cosposes their peak load, i.e.

P .
k — M. MaKe . .
" Poppes (4-12)

Coefficieats £ amd £ . can be egual or less than unity in
depeadence on type and number of electrical receivers and mode of

their operation.

In the fora of an exaaple let us point out that according to the
data of operation the diversity factors of installations of internal

electric lighting in small cities and settlements compose 0.7-0.8,
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and ia large/coarse cities 0.,4-0.7, the interior lighting of
indestrial enterprises 0.6-0.8, external electric lighting 1. Load

factor of electrical illusinating installations in all cases &=L

Por obtaining the diurnal graph/curve of the loads of substation
it is necessary to first construct the diurnal graph/curve of the
loads of electrical receivers, which feed froam this substation. in
this case they use the appropriate standard diurnal graph/curve or
the diurnal graph/curve of the amalogous operating user, introducing
into it the necessary changes in the relation to the time of
beginning and tersination of shifts, the duration of shifts and

dimner breaks amd other individual characteristics of users.

The materials, necessary for graphing of the loads of users, are

given in the appropriate managesent/manuals and manuals [4-11.

After accepting for base certain diurnal graph/curve and having
previously calculated value A, .. it is easy to determine lcad in
kilowatts for each hour of days and to comstruct in the corresponding
scale the diurmal graph/curve of the loads of user.

MNge 60.

The graph/curve of the loads of substation differs from the use
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conditions by the magnitude of losses of power in network. Losses in
the vires of network are the losses by variablesalternating Uﬁ»%

since it are directly proportioamal to square the load of network.

After coastructing in the coordinate axes the diurnal use
conditions, add to its ordinates variable/alternating losses into the

netvorks (Pig. 8-10), calculated as follows.

Yariable/alternating losses in network with peak load are

determined froa the foraula:

Poscos =282P, (e (413)
vhere 7,.'/y - losses in the wires of network in percentages of P, ...

Variablesalternating losses in any hour of days t with load P, T

(Pig. 8-10)

Plevl =P-ue.nep PJP: . (444)

W.MakKe

Ia netwvorks by voltage of up to 1000V Pasy=3-50/0.

The peak load of substation can be determined wvwithout graphing
of load by the formula:

- Pu-c.mcr = Pu.nnc + Pnn.np"
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Takiang into account formulas (#-10) and (4-13), it is possible

to write:
wep”/®
Punc JNOACT (l +P e )ko 3 np
= (1 +2557) e, 2,
or
Plllc.umr =k¢py:' (4‘|5J
vhere

k’"(li'pmpﬁ) )

- the coefficient of the denand of the group of electrical receivers,
vhich considers both the diversity factors and charging of receivers
and their efficiency and loss im netvork froa receivers to the

transforsers of substacion [&1]).

If substation supplies several groups of users with different
operatiang wsodes, then for each characteristic group of consumers theay
detecnine P, and F,,, accept the values of coefficients %, and »®,
compute P ... and are constructed the diurnal characteristic
graphs/curves of loads., Por graphing of the loads of substaticn are
coastructed the characteristic graphs/curves of all groups of users
iato some coordinate axes (om oae scale, also, for one and the same

days) and, sumsarizing their ordinates, obtain total graph/curve
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coassaptions (Pig. ¥-11). This coastruction is produced for all
characteristic days. Purther coastruction let us examine in
connection with wiater days, i.e., to the period of the full load of
iastallatioa.

In general the saximum of the total use conditions can be equal

or less thaa the sua of the smaximuass of the individual users

P <:P

MaKc.cyM LR L1

The participation of individual users in the formation/education
of the maximum of total graph/curve characterize by the coefficient
of participation in maxisum 4, equal to relation the values of the

load of this user, which participates in formation/education P

masc.cym’

to his maximuasn.
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Pig. 11. Pig. 4~10. Comstruction of diurnal graph/curve of loads of

sabstation, vhich feeds group of unifora electrical receivers.

Key: (). k¥. (2). Graph/curve of substation. (2a). Use conditions.
(3). craph/curve of losses. (4. } .

Page 61,

Por example, for user 2 (Pig. 4-31) ; s} and for a user 1

Py maxc? !
coefficient & 1.

For users, who d0 not participate in formation/education
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Poceyw waluwe £, ==0. It is obvious that the users with low valu=
k... improve the graph/curve of the loads of substation, and therabhy

also the pover plant,

To the obtained total use conditions is added the powver of
losses in netwvork, as noted above, and are obtained the graph/curve

of the loads of substaticn amd its peak load P, ...

If are known the coefficieats of participation in load peak of
the separate groups of users, them without graphing of loads the peak

1oad of substation can be deterained by the formula:

Paep”*
Puaxc.noncr=(] + IO‘EI )(kyqlpn.uaxcl.l—

+ ,"yxﬂpu maxc ? + kyq SPn.unc 3+ .t ) =

— Pre YOWN
(1 +555) Paseowe (416)

vhere /.'/s - losses in aetwork in percentages of P, ..

#ith the kaown coefficients of demand [ see formula (4-15)) for
each group of users the same peak load of substation can be

deternined and thas:

Pnu..olct:' kynlkelpy'.'l +kydkczpy:2+
+ k,, ,Iz‘,P,u. (4-17)

In practice they frequeatly use the values of the coefficients

of demand, determined taking into account the participation of the
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groups of users in the forsatioas/education of the load peak of
sebstation. Then calculation evea more is simplified: into formula
{8-17) for each group of users iatroduce the coefficient of demand,
is toforo;co to the busbars of the feeding substation and to time its

peak loads fs-1).

Analogously is determined the peak load of substations with
secondary voltage above 1000V (for example, the district substation
P=7 is Pig. 3-5). In this case the coefficients of demsand must he
related to the secondary high-voltage busbars of substation, i.e.,
they must be deterained taking iato account power losses in the
netvorks of all voltages froam the teraminals/grippers cf electrical
receivers to the busbars of the secondary voltage of this substation,
including coil losses and steel of the step-dovwn transformers

substatioas in users (pP-8, P~9, P-10, P-11 and P-12 in Pig. 3-5).

If it is necessary to coastract the diurnal graph/curve of the
loads of a similar substation, then they enter the same, as it was
stated in the relation to graphimg of loads in Fig. 4-11, but only
are coansidered power losses in the vires of networks do and above
1000V and in the transformers of the secondary substations, which

feed from that projected/designed.
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Pig. 8-11, Construction of the diurnal graph/curve of the substation,
vhich feeds two groups of olectrical receivers with different

operatiag mode.

Key: (1. k¥. (2). 6raphs/curve of substation. (3). Total graph/curve

of comsemption. (4). Losses. (5). Graph/curve of losses. (v), hou"

Page 62,
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Losses in the wires of aetworks by voltage of up to 1000V, and
also the losses in networks by voltage are above 1000V taking into
account coil losses (copper) of transformers can be taken as =qual

ones (in percentages of the saximum of total consumption):

Y OB CCTAX HANpRAcHiteMm 40 1000 6. | 3—504
_4)B NPOMBIIACHILIX CceTHX Ha-
npaacnites suwe 1000 6. . . . 6—8%%  u)
(;)n KOMMYHATLHLIX  CETHX Ha- or Puanc.cyu.
L Opsacuses suwe U008, b} . 8—10%,
s)e SAEKTPHUCCKHX CHCTEMAX . & 14894

Key: (V. in networks by voltage of up to 1000V. (2). in industrial
netwvorks by voltage it is above 1000V, (3). in public-service
netvorks by voltage it is above 1000V, (8). frome. (5). In pover

systeas. (6). to.

' Losses in steel of the transforsers:

1) 8 KOMMYRGALNLX H DPOMHUIACHHLX CETAX |
Hanpsixkennen Buie 1000 6, | I—l,SO/.}OT Praxc.cyn
4) B HAEKTPHUCCKMX CHCTEMAX o o o » 2—3% '

Key: (V). im public-service aamd industrial networks. (2). from. (3).

# ia power systeas.

Losses in the wires of networks and the vindings:of transformers
are the losses by variables/alternating (ng%) and they are ccmputel,

as noted above.

‘ Losses in steel of transformers do not depend on their load,

i.e., they are the losses by constants (v, . %).
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In the course of twenty-four hours the total quantity of losses
in steel of transforasers in network can sosevhat change as a result
of cutoff/disconnection and start of the part of power transfcrmers
on sebstatioas vith the appropriate change in their load. However,
vith graphing this they do anot consider and accept losses in steel of

transformers constant/invariable ones.

Pover damping constant

P __ Proer%e P

goct . |0Q

(4-18)

Maxc. cym’

Adding the pover of variable/alternating and damping constant to
the ordinates of the conditions of total use, obtains the graphk/curve
of substation and its peak load. Usually the peak load of similar
substations is somevhat less than the sum of the paak loads of

secondary substations as a result of their noncoincidence on time.

A guantity of electric power, expended in year by user, can be

detersined by the follosing foraulas:

Aga =P, T (4-19)

N, MAKC T Maxo

or

AroA = pupT (4-20)
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vhere Tome = demand time of load peak (see §i-3);

T, = denand time of the comnected power of electrical

receivers.

The demand time of the conmected power of electrical recaivers
shows, how many hours in year receivers sust work with
fall/total/complete charging im order to consume the actually/really
spent by theam in year quantity of electric power. It is obvicus that

T, <8760 h.

Are given belov values T, for some groups of the users;

(9 BuyTpenuee sackrpoocseutesime . . . o . 1500—25004

(MHapyxnoe P e e e 2 5003 000 «
“l0aHoCHE e TPOMLILIAE HELE NpeaAnpuaTiA 2 000—2 50U« k))
4 Nayxcuennwe - . 4000—5 000 «
lelT pexcuenuse . . 5000—7 000 «

Key: (). Internal electric lighting. (2). h. (3). External. (4).
Oone-shift industrial enterprises. (S). Two-shift, (6).

Three-shift/three-wvay interchaageable,

8-6. Coastruction during the design of the diurnal graphs/curves of

the loads of power plantsa.
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The diwrnal graphs/curves of the loads isolated/insulated of the
vorking power plants construct just as the graphs/curves of the loads
of substations. Difference coasists in the fact that after is
coastructed the total use coaditions and are taken into consideration
losses in netvorks and transformsers, obtainm graph/curve temperings
froa the busbars of station. For obtaining the final graph/curve of
the loads of station, i.e., the graph/curve of the loads of its
machines, it is necessary to the graph/curve cf tempering frcm the

besbars of station to add the power, expended for its own needs.

Naxisem pover consuaptioa per its own needs of power plants in
percentages of the installed power of station comprises

approxisately/exesplarily:

()DACKTPOCTANUME HA XNAKOM TONAABE (MAIYT,

HebTw) M rase. . ., . . . . e ... 35%
\,)SAeprocnuuun He6oabiIOR MOWINOCTH  Ha

yrae, CKHIAeMOM & KyCKOBOM BHAe (Ha uen-

HblX PEWETKAX) « o v . & o o o s o o o + & 5—7%
(‘)Konneucuuuouuue naporypSuiHue 9AeKTPO-

CTAHUHH HA NUACYrOJALKOM Tonause . . . . 6—9%,
(“fenaosnexTpouenTpasn Ha NWaeyroaLHON TON-

AHBE . . . L L L e L i e e e e e e 8—110
(W uaposaekTpocTanuuu cpeaned mowwoctin . , 1—29,

(WfuaposaexTpocTayuuu Goavuwod mournocT . . 0,4—1v,

KEey: (V). Pover plants oa liguid propellant (petroleum residue, o0il)
and gas. (2). Power plant of samall power at angle, burned in cake
fora (on chain grates). (3). Condensation steam-turbine power plants
on peulverized coal fuel/propellaat. (4). Thermoelectric centers on
pulverized coal fuel/propellant. (5). Hydroelectric power plants of

average/sean power. (6). Hydroelectric powver plants of large power.
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the power, expended for its own needs of power plant, deperds cn
type and power of power plant, and for steam-turbine power plants -

also froa the kind of the fuels/propellant of the method of its

conbustion and parameters of stean.
Page 63,

If the load of the aggregatessunits of station is sufficiently
permanent, then with graphing of the load of station it is possibla
approximately to accept that the pover consumption per its own needs

j remains always constant/invariable and equal to

Pc.u =P s pc.u/CP (4-21)

maxc.ewn 7 TI00 Fyer

vhere P, ., - the installed power of the generators of station, kWw.

During the considerable load variations of station it is
possible to approximately consider that approximately/exemplarily
80o/0 of saximum pover comsuaption per their own needs (P, .., do
a0t depend on the load of the station (pover, consumed by the
coastantly vorking mechanisas of our own needs, part of the
constantly coanected illumninatioa, the power, expended to covering of

no~load losses in the electric motors of its own needs and, etc.),
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aad 600/, P changes the proportionally resistive load of

MaKC.C.H

station.

This graphing of power coasuaption per its own needs of station
is carried out in Pig. 4-12; there is constructed the graph/curve of
the loads of station (graph/curve of
consunption/production/generation). On diurnal graph/curve the

consunptions/prodeuctions/generations in wvinter days determine the

peak load of statioa ...

If necessary the diurnal graph/curve of the reactive load of
pover plaant can be constructed as follows., Having available the
diurnal graph/carve of the resistive loads of the user and knowing
cos¢, with whom it vorks, is deterasined reactive load into different
hours of the day. In teras of the obtained values is constructed the
diurnal graph/curve of the reactive load of user. With the
preliminary graphing of reactive load usually is not considered
change cos¢ in the course of tweaty-four hours and they take as its
coustant amd equal to 0.9-0.95, assuming that in enterprises ar=

accepted the measures for increase cose to the value indicated.

Suamariging the graphs/curves of the reactive load of users and
taking into account the expemditure/consumption of reactive power in

metvorks amd transforsers, is obtained the graph/curve of the
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reactive load of station.

The graphs/curves of the loads of the power plants, which work
to the general/commonstotal electric system of power system, are
assigped to power plants by the supervisory control of power sys*enm.
The latter, as noted in fhapter 3, determines the load of each power
plaat of power systes on the basis of the conditions of providing the
reliable feed with power consumers and understanding of the most

econonical mode of operation of power systeas as a whole,
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rig. 8-12. Construction of the diurnal graph/curve of the loads of

pover plant.

Key: (1) k®. (2) Curve of gemeration. (3). graph/curve of tempering
fros busbars. (8). Bxpenditure for its own needs. (5).
Variadble/alternating expendituresconsumption. (6). Permanent flow

rate/consuaption. (7). Graph/curve of expenditure for its own needs.
). hour
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Chapter Pive,
TEREE~-PHASE NETWORKS WITH UNGARAOUNDED AND GROUNDED NBUTRALS.
S5=1. three-phase networks vith the ungrounded neutrals.

Each phase of netvork possesses relative to the earth/qround
certain capacity/capacitance, evenly distributed along the length of
wires. Por simplification in further reasonings we count the
three-phase netvork of sysmetrical and uniformly distributed
capacitances of phases relative to the esarth/ground we conditionally
replace by capacities/cagacitances C, concentrated on the middle of

line (rig. 5-1).

Interphase capacities/capacitances and caused by thea
peraittance currents ve do not consider, since, as this will be shoun
below, during single~-phase closings/shortings to the earth interphase
voltages 40 not change, and comsequently, do not change the

peraittance currents, caused by interphase capacities/capacitances.
Page 68,

Ia the norsmal sode of the work of the voltage of the phases of
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aetvork relative to earth/growad U, U, and U, are symmetrical and
namerically egual to the phase voltage of imstallation, but currents
ia the phases of source -~ to vector sum of the currents of lcads
Loolg . and capacitive (charge) currents of phases relative to
earth/groend /. (rig. 5-1a and D). Yector sum of the permittance
curreats of three phases is equal to zero (Pig. S-1c) ; therefore no

terrestrial current it flowssoccurs/lasts.

In the case of damage to iasulation and closing/shorting to the
earth of one of the phases the voltages of phases with respect to the
sarth/ground change (Pig. 5~2), in consequence of which change the
values of the peraittance curreats in netvork, caused by the
canacity/capacitance of the phases of network with respect to the
earth/ground, With full/total/cosplete (metallic, dead/blind)
shorting of phase to the carth the voltage relative to the
earth/ground of this damaged phase becomes equal to zero, and
voltages relative to the earth/ground of other two
istact/eninjured/undanaged phases increase to the interphase voltage

of iastallation (rig. S5-2).

Por example, during closimgs/shorting to the earth of phase C
(Pig. S5+2a) a change in the voltage of phases relative to the
earth/grouand can be considered as the result of imposition on the

voltages of phases [/ (7, and U, the voltages of null sequence
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v, O amd U, equal in sagaitude apd opposite on sign to the
A0 80 co

phase voltage of damaged phase U, Ia this case the voltages of all

phases relative to earthsgrowmd U, U, amd U, are deterained by
vector sum of the voltages of phases relative to the earth/ground in

the norsal mode of work U,U, asd U, amd voltages of null sequence
Up Upp 88d Uy, namely:
U’A::UA—'_UAO: U',=U,+Um,
U,=U,+Ugy=0.
Proa vector diagras ia Pig. 5-2b it is evident that

U'A=U'3=V§UA, The angle between U, and U',, composes 609,
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rig. 5-1. Three-phase network with the ungrounded neutral. Normal

sode of work,

rig. S-2. Three—-phase network with ungrounded neutral. Case of

single-phase closing/shorting to the earth of phase C.

Page 65.

Peraittance currents in phases A aad B also increase V3 tinmes,
siace to the capacities/capacitaaces of these phases relative to the

earth/ground (which resaia coastaat/iavariable) are applied no longer




i
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phase, but interphase voltages. In syssetrical three-phase systenm
QA:zvﬁiu; and /;,=4¢/31.. Permittance current to the earth of phase
C, cassed by its capacity/capacitance with respect to the

earth/ground, is equal to zero, since the capacity/capacitance

indicated proves to be shorted. Accepting, as usual, for positive
direction of flow in all phases direction thes from source into

netvork, we can write:

IC=“‘([CA+ICB)'

After applying om vector diagraam in Pig. 5-2b vectors of
curreats /., and /,, at right angles to the vectors of voltages
U, and@l,. we can see that these currents are out of phase angle of
60°, We store/add up thea and obtain current ainus Qﬂ permittance
current in phase C or, which is the sasme thing, the current in the
place of closing/shorting to the earth ’c.anticipates/leads U; on
90°. Pros vector diagraa it follows that /c=V3/ ,, but that as

le,=V3lI, then

I,=3I,. +(5-1)

Thus, the permittance curreat of single-phase closing/shorting
to the earth is 3 times more thaa the normsal permittance current of
phase. Knowing the capacity/capacitance of phases with respect to C

earth/grousd in farads, we will obtain:
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on since
|}
xc =¢-TC »
that
IC == 3U¢wC. (5'2) .

Proa this expressioa it is evident that the strength of current
"/, depends on the line voltage, frequency and capacity/capacitance
of phases relative to the earth/ground. The latter depends on the

construction/design of netvwork (cable or air) and its extent.

Curreat /. can be approximately deterained from the formulas:

for aerial networks

ut 3
I =73 & ):

for the cable systeas

lo=%5. (5-4)

vhere U - interphase voltage, k¥V; Z - length of the electrically

connected netvork of this voltage, ka.
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In the case of incoaplete closing/shorting to the earth (thkrough
certain contact resistance) the voltage of the damaged phase relative
to the earth/ground will be more than zero and less than the phase,
bat intact/wninjured /undamaged phases - sore than phase, but less
than the interphase. lLess there will be the current of

closing/shorting to the earth.

During single-phase closings/shortings to the earth in natworks
with the ungrounded neutrals interphase voltages remain
constant/iavariable in value and out of phase angle of 1209, Of this
it is easy to be convinced from the examination of vector diagram in

Pig. S5-2b:

Therefore the feed of the electrical receivers, normally
comnected to interphase voltage, is not disrupted, and they continus

to operate norasally.

At the sanme time, taking into account increase indicated higher
V3 times of the voltages of imtactsuninjured/undamaged phases

relative to the earth/ground, the phases of network with the

urgrounded neutral must be isolated/insulated relative to the
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earth/grouad to interphase voltage.

Let us note that the prolomged vork of the network in question

with the grounded phase is not adaitted, since in the case of damage

to insulation relative to the earth/ground of any another phase
unavoidably appears two-phase short circuiting through the
esarth/ground, which is accompanied by the course of large
short-circuit current, capable of causing the considerable
destructioa of electrical eguipsent. Therefore in netvorks with the
wmgrounded neuntrals compulsorily provide for the special signal or
shielding (relay) devices/equipment, which nctify personnel abou*t the
oaset of single-phase closings/shortings to the earth or even the

disconnecting the damaged part of installation.

Page 66,

Is more dangerously single-phase closing/shorting to the earth

through the electric arc, since the latter can damage electrical

equipaent aad cause tvo- or three-phase short circuit (latter

frequeatly is observed during simgle-phase closings/shortings +to the
earth of omse of the veins/strands of triple-core cable). Is
especially dangerous the onset of arc within machines and apparatusss

during single-phase closings/shortings to the grounded housings.
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Oader specific conmditioas [5-1) in the place of closing/shorting
to the earth can appear the so-called discontinuous arc, i.e., the
arc vhich periodically goes out and lights up again. Since network is
oscillatory circuit, then the discontinuocus arc is accoampanied by the
origimation of overvoltages of phases relative to the earth/ground
vhose value cam reach (25-3)U,. These overvoltages are propagated to
eatire electrically connected aetwork, as a result of wvhich are
possible the breakdowns of iasulation and the formations/education of
short circuits in the rarts of the installaticn with the weakened

insulation.

Is sost probable the onset of the discontinuous arcs with the
persittance current of closing/shorting to the earth of more than
5~10 A, the danger of arc overvoltages growing/rising wvith an
increase in the 1line voltage. Are most dangerous arc overvoltages in

netvorks by voltage 20-3S5 kV and above,

If installation is pot eguipped with relaying from single-phase
closings/shortings to the earth, vhich disconnects the damaged
section, them closing/shortiag to the earth can be prolonged. In
these cases the personnel must ismediately to begin finding of +he
place of siagle-phase closingsshorting to the earth and to remove him
within the shortest period. In the presence of stand-by circuit

should be imsediately transferred to it the feed of load, after
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discosnmectiag faulted circuit. If there is no stand-by circuit, then
the foed of the 1l0ad is terainated on the period of clearing to

circuit.

In the netvorks, which feed directly from the generators of
pover plants, the duraticn of work with closing/shorting of phase of

of groumding aust be not more tham 2 h (3-2 and 5-2].

In electric systems by voltage 6-15 kV the overvoltages, caused
by the discontinuous electric arc in the place of single-phase
closing/shorting to the earth, for the insulation of electrical
equipmsent are not dangercus. Ia spite of this, in these networks one
ought mot to allow/assuae curcreat /. of more thanm 30 A, since with
hAigh currents /; appears the danger of considerable damages in
machines and apparatuses durimg internal single-phase
closings/shortings to the grouaded housings and grovs/rises the
transitional probability of siagle-phase closings/shortings to the

earth im cables into interphase short circuits.

In contrast to this ian electric systess by voltage 20 kV and
above overvoltages, caused by the discontinuous arc in the place cf
single-phase closing/shorting to the earth, are dangerous for
insulation the electrical equipameant of the voltages indicated.

Therefore ia the networks of these voltages /. amust not exceed 10 A,




DOC = 79134804 PAGE 9\%0

since with larger curreant in the place of closing/shorting to the

earth, as a rule, appears the discontinuocus electric arc.

Thes, with ungrounded neutrals can work networks 6-15 kV with
1c<30 A amd network 20-35 k¥ whemn I <10 A [3-6). Let us note that
in the Soviet power systems of network 110 kV it is above with the
angrounded neatrals, as a rule, they 4o not work, that as with their
considerable ramge current as vith their considerable range current

I im thess networks virtually always exceeds 10 A.

#ith the ungrounded neutrals they work also of network Ly
voltage of up to 1000V, besides four-wire networks by voltage 380,220

and 220/127/9Y, which vork with tightly grounded neutrals (see §3-1),

S-2. Three-phase networks vith the neutrals, grounded through +h=

arc-arresting coils (compensated networks).

Thea ism electric systeas by voltage to 35 kV the inclusively
peraittance current of single-phase closing/shorting to the ground
exceeds peraissible value indicated above, then take measures for its
decrease. Is reached this via the grounding of the neutrals of the

netvork through the arc-arrestiag cecils.

The arc-arresting coil coasists of the steel core and the
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vinding, eacased, filled with transformer oil. The effective

resistance of coil is small, anmd inductive - great. The inductance of
the arc-arrestiang coil regulate by change numbers of connected turrs
or air-gap clearance of core, In the normsal mode of work the current

through the coil does not flow/occur/last,

During full/total/complete closing/shorting to the earth of one
phase the arc-arresting coil proves to be under phase voltage and
through the place of closing/shorting to the earth flow/occur/last
the currents: the perasittance current of closing/shorting to the
earth /. amd inductive current of coil ;, (Pig. 5-3a). Both inductive
and peramittaace currents they differ in phase on 1809, then in the
place of closing/shorting to the earth they compensate each other

(rig. 5~-3b).

Page 67.

It / =/, them through the place of closing/shorting to the earth of
no current flov/occur/last there will be. Therefore of arc in the
place of damage it does not appear and are removed the connected with

it dangerows consequences.

In operation are conducted the start and the

cutoff/discoanection of the individual lines of network; therefore
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curreat /. does not remain coastant/invariable and virtually does
not succeed in attaining, its full/total/complete compensaticn '
(U, +1,). On the other hand, for the clear action of relaying, which
reacts to single-phase closing/shorting to the earth, it is necessary {
that the unconpensated for current would not be the less specific

value, wvith which the relay of protection operates/wears. {

If the arc-arresting coil is inclined so that in normal mode
wvith all killed limes of network occurs certain undercompensa*ion of
permittance currest /. -/ —/, then with the cutoff/disconpection
of the part of the lines of aetwork and decrease /; current /.., can
prove to be insufficient for acting relaying. During tuning of coil
to overcoapensatiom (/:>/c) we will obtain that with decrease /,
cerrent /.. =/, —1/, increases. Therefore in practice they usually
teae the arc-arresting coil with certain overcompensation of
peraittance curreat, but that so that the current in the place of

shorting to the grouad would be possibly less,

In networks with the neutrals, grounded through the
arc—-arrestiag coils, the same as in netvorks with the ungrounded
neutrals, is allowved/assuned the temporary service with the locked to
the earth phase until occurs the possibility to carry out the
necessaty svitchings for the separation/department of the damaged L

section. The preseance of the arc-arresting coils is especially
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valuable during short-ters closiamgs/shortings to the earth, since in
this case arc in the place of closing/shorting is extinguished and

line is not disconnected.

Ir networks with the neutrals, grounded through the

arc-arrestiag coils, that like in networks with tha ungrounded

neutrals, is allowed/assumed the temporary service with the locked *o
the earth phase uatil occurs the possibility to carry out the
recessary swvitchings for the separation/department of the damaqged
section. The presence of the arc-arresting coils is especially
valuable during short-tera closimgs/shortings to the earth, since in
this case arc in the place of shorting is extinguished and line is

not disconnected.

Ia petvorks with the neuatrals, grounded through the
arc~-arrestiag coils, during simgle-phase closings/shortings to the
earth the voltages of two intact/uninjured/undamaged phases relative
to the earth/ground 1ncrcase|/5'tilos. {.0., to interphase voltage;
therefore the insulation of phases vith respect to the earth/gqround
in such networks also must be carried out to interphase voltage as in

netvorks with the ungrounded meutrals.

Networks with the ungrounded neutrals and with the neutrals,

grouaded through the arc-arresting coils, usually call networks with
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the low curreats of closing/shorting to the earth.
5-3. Three-phase networks with dully grounded neutrals.

The second asethod, vhich varns the onset of the discontinuous
arcs and coanected with thes overvoltages during single-phase
closings/shortings to the earth, is the dead ground of the neutrals
of electrical network (Pig. 5-4). Actually/really, if in this network
occurs closing/shorting to the sarth of one phases, then the latter
proves to be short-circuited through the earth/ground and the current
of single-phase short circuit /. causes the action of relaying and
the cutoffsdisconnection of the switch of the damaged section of

astvork.
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rig. S5-3. Threo-phase network with the neutral, grounded through +he

arc-arrestiag coil, Course of current during closing/shorting to the

earth of phase C,

Key: (7). Arc-arresting coil.
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Pig. 5-8. Three-phase metwork with grounded neutral. a) network with
dully ¢grounded neutral; b) network with the neutral, grounded through

the reactor.

Key: (V. Groumding electrode. (2). Reactor.

Page 68,

A deficiency/lack in the metworks with dully grounded neutrals

is the sigaificant magnitude of the current of single-phase short

circuit. Ia netvorks with dully grounded neutrals of powerful/thick

pover systeas for reduction iam current of single-phase short circuit
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ground the neutrals through reactors (Pig. 5-%b, /"< /) or are
grouaded the neutrals not of all transformers, but only part. By *he
iastallation of reactors and by the selection of a number of dully
grounded nestrals it is possible to so decrease the current of
single-phase short circuit, that it vill not exceed the maximunm

possible current of three-phase short circuit in this installation.

The second deficiency/lack in the networks with the neutrals,
grounded tightly or through reactors, is the cutoff/disconnection of
damaged power transmission and, consequently, also break in the power
supply of esers during each simgle-phase closing/shorting to the
earth. The practice of the operation of electrical devices shows *hat
the large part of the single-phase closings/shortings to the earth in
air electric systeas by voltage above 1000V bears short-term
character, since after the cutoff/disconnection of the damaged
section iasulation in the place of closing/shorting to the earth
rapidly is restored, and the tramsaission line can be immediately
connected into vork. Therefore for the purpose increases in the
reliability of power supfply at present in networks with dully
grounded neutrals use extensively the automatic reset (APV) of lines
after their cutoff/discomnectionm during single-phase
closiags/shortings to the earth, For this it is included conversely,.
1f closiag/shorting to the earth was temporary/time, then line is

iacluded and the nourishmsent of users is restored. Othervise the line
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is disconnected for a second time. The reliability of the power
supply of responsible users is provided also by the presence of

stand-by electric power lines.

The advantage of netvorks with dully grounded neutrals is the
fact that during single-phase closings/shortings to the earth the
voltage of intact/uninjured/undamaged phases with respect to the
earth/ground is not raised, as it takes place in networks with the
asutrals, grounded through the arc~arresting coils. Therefore due to
the facilitation of the insulation of phases with respect to the
earth/ground significantly decrease the expenditures for the
constructioa of such networks. Attained savings is greater, the

higher the line voltage.

On the basis of the above in the USSR with dully grounded
asutrals vork the electric systeas by voltage 110 kV and above. Such
astvorks is conveationally desigmated as networks with the high

currents of closing/shorting to the earth.
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Chapter Six.
SHORT CIRCUITS IN ELECTRICAL SISTENS.

6~1. Geaeral iaformation.

The large part of the emergencies in electrical systens is
caused by short circuits, In many instances short circuits are
acconpanied by the damage electrical equipment and by the partial or

fell/total/complete disorder of the power supply of users.

The fandamental reason for short circuits is the insulation
failure of the current-carrying parts of the electrical
devices/equipaent, vhich is possible as a result of the natural
ageing (vear) of insulation, mot in proper tise revealed by
preveative insulation tests, or its any dasages in the process of the

work of electrical equigpsent.

Nechanical damages to imsulatioam occur, for example, with damage
of pover cables during the excavations of trenches, with the
incidence/drop in the supports or the break of the wires of the air

electric power lines, etc.
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Damages to insulation are possible with overvoltages, if their
valwe exceeds the testing voltage of the insulation of electrical
oquipiolt. for example, with the direct impacts of lightning into the

vires of aerial lines or open distributors.

To short circuiting they cam give the erroneous actions of
operatiag persoanel with the monfulfillment by it of technical
operation instructions, coperatimg instructions and rules on safety

engineering.

Short circuits are fossible also as a result of the overlap of

the bare current-carrying parts by the animals and birds.
Page 69.

Bith the oaset of short circuit general/common/total resis¢ance
of electrical system decreases, in consequence of which the currents
in the branches of systea considerably increase; simultaneously
voltages ia the individual parts of the system decrease. especially

considerably decreases vcoltage near the place of short circuit.

The currents of esergency mode in the branches of system, and

especially short-circuit curreat in the damaged element of systen,

can considerably exceed the currents of the loads of these branches.
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In poverful/thick imstallatioas by voltage 6-20 kV the short-circuit
carrents reach enoraous values - in several ten and even hundreds of

thousands of amperes.

Considerable in value short-circuit currents can be dangerous

for electrical equipment, since insufficiently durable in mechanical

sense electrical equipment can be destroyed, and the large heating of
carrent-carrying parts they can dasage their insulation., For
varning/prevention this electrical equipsent cf electrical
devices/equipment must possess sufficient electrodynamic (mechanical)
and thersa} resistance, i.e., must maintainy/vithstand without the
damages of the action of the greataest possible short-circuit

currents,

The possibility of the disturbances/breakdown of the power suoply
of users during short circuits let us exglain based on the example of
the schesatic of the siaplest electric system, given in Fig. 6-1.
Bere diagram 1 shows the values of voltages on the busbars of s:aticrn
(U.,) of aistribution poiat BRP (U,,) and transformer substation TP

WU;q) during the normal mode of work.

In the case of three-phase short circuit at point K-1 aprears
current of short, flowing aloag the gemerators of power plant and

lines 1-1 apd L~2. In this case the voltage on busbars TP becores
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equal to zero, and voltages oa busbars BP (U,,) and pover plant(LQr)
considerably are reduced (diagram 2). Is explained this by the fact

that vith the course of the short-circuit current which considerably

wvhich coasiderably more than the current of the normal mode cf the

eleaents/cells of netvork possesses large inductive conmponent, in the
first place, decreases enf of generators as a result of an increase
in the back induction of the reaction of stator and, in the secord
place, increase the losses of voltage in all network elements of
short circuit - generators aad lines L-1 and L-2. Voltage at all
points of power line will be lowered until is discontinued the course
of short-circuit current, i.e., until is disconnected switch v-2

wader the action of relaying of line,

Dscrease in the voltage in power line deranges of electrical 1
receivers. It is known that the torque of asynchronous electric
motors is proportional to the sgquare of conducted/supplied to thenm
voltage (AM,=U?), therefore evea with comparatively small decrease
in voltage M, it cam prove to be insufficient for rotating the

sechanisa (machine tool, etc.), and engine will stop.
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Flg. 6-1. Voltages in differeat points of network during normal mode

and short circuits.

Key: (7). Blectrical station.

Page 70.

Por example, if during short circuit at point K-1 voltage U,, vroves
to be small, then is possible the stop of the electric motors, which

feed from other, sound lines ap (1, 2, 3).

If decrease in the voltage during short circuit is comparatively
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ssall, thea the electric amotors, which feed from sound lines,
continee to work, but with the rotational speed it is less than the
noraal. A decrease in the velocity of the rotation of those lcaded
electric aotors leads to an increass in the current, consumed by them
froa network, which causes aam even larger decrease in the
conducted/supplied to thea voltage, as a result of which the engires

canr stop.

In the case of prolonged short circuit the elactric motcrs
considerably overheat:; the frequent overheatings of engines decreas:

the period of their service.

In certain productions large deceleration of the rotation of
electric motors leads to the disorder of technological process, and

soaetines also to the damage of prodaction.

Thus, short circuit in metwork not only disrupts the power
supply of the electrical receivers, connected after the plac< of tha
short circeit (in the exaained case - receivers of TP), but it can
cause the disturbance of the ele-~trical receivers, connected to the

iatact/uninjured /undanaged sections of network.

In the case of short circuit at point K-2 the voltage on the

busbars of station is reduced (diagram 3) still more than (U7 U )
cr er’’
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‘litch V-1 disconnects line L-1, and the nourishment of all users RP

Thas, the nearer the short circuit to station, the the more
nanber of users is discomnected. Purthersore, to larger degree is
di sTupted the work of the electrical receivers, vhich feed from tha
sound lines of station. BEspecially comsiderably is reduced vcltage on
the busbars of station in the absence of reactors on the

wvaste/exiting lines.

The heaviest case of short circuit is short circuiting on the
collecting msains of statioa (poiat K-3), vhen are disconnected tha

generators of station and ceases the feed of all its lines.

Short circuiting ia the network of pover systam, vhich is
accoapaanied by considerable decrease in the line voltage, can lead to
the destabilization of the multiple operation of separate stations,
their output froam synchronisa and cutoff/disconnection of the lines,
which coanect statioms. As a result of this the system can he
deconposed iato the groups of the nonsynchronously working stations.
This in tura, can lead tc the overloading of some stations, which
vill require the cutoff/discommection of the part of the users. The

greater the decrease in the voltage during short circuits, the time

of actiom of relaying and the time of action of the switch, which
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discoanects the damaged section, the more probable the

destabilization of the multiple operation of the stations of systen.

Por the purpose of the trouble-free operation of electrical
iastallatioas it is necessary to in every possible vay remove the
reasons, capable of causing short circuits. Por decreasing tha
coasequences of short circuits should be applied high-speed relays
and svitches. It is also expedieat to install on the station's
generators automatic excitation regulators (see §22-5), vhich
iacrease the generator excitation current during short circuitings,
as a result of which the voltage in different parts of the network
decreases less, and after cutoff of the short circuit, the voltage

returns to aorsal more quickly. .

Ia three-phase systeas are possible three fundamental means of

the short circuits: three-phase, two-phase and single-phase.

Three-phase short circuit (Pig. 6-2a) is symmetrical, that as
with it is aot disrupted the symmetry of currents and voltages (is
assused the equality of the resistors/resistances of three phases of
short circeit). In contrast to morsal mode the and phase and
interphase voltages decrease, as this is shown on vector diagram of
currents aad voltages on Fig. 6-2b, in reference to the

terninals/grippers of geaerator. The less the resistor/resistance of
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asstwork (-, and ) the greater the short-circuit current angd the
less load voltage of generator. If contact resistance in the place of
short circuit are equal to zero ("metallic" or "dead/blind" short

circeit), then voltages ia the place of short circuit are also equal

to zero.

During three-phase short circuit the system remains balanced,
since vector suas as currents, that and voltages in any place for

short circeuit resain equal to zero.

Angle of displacesent ¢, between the current and the voltage
dering short circult is deteramined by the relationship/ratio of the

inductive and effective resistamce of short circuit.

Page 71,

At the relatively lovw value of the effective resistance of short
circuit, which occurs with short circuits in installations by voltage
above 1000V, angle 9 lies/rests withinm lisits of 90-30°, i.e.,
short-circuit current is either purely inductive or possessing

coasilderadle inductive coaposeat.

The tvo-phase (Pig. 6-2¢c) and single-phase (Pig. 6-2d) short

circuits are asymsmetric, since with them is disrupted the symmetry of
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voltages and curreats of three-phase systea. Tvo-phase short circuit
is at the same time balanced, since vith it vector suss of voltages
and curreats resain equal to gzero., In contrast to this single-phase
short circuit is unbalaanced, since with it short-circuit current
flows/occurs/lasts only ia ome phase and vector sum of phase voltagss

no loager is equal to zero.

Yector diagrass of curreats and voltages during asymmetric short

circuits are examined into §6-12,

Three-phase and tvo-phase short circuits are possible in any
three-phase netwvorks, and the simgle-phase short short circuit - only
ia three-phase netwvorks with dully grounded neutrals (see §5-3) and
ia four-wire networks by voltage 380/220 and 220/127vV.

Currents, voltages, pover amd other values, vhich relate to
different seaas of short circuit, designate by upper digital indices
in the paremthesis: three-phase short circuiting - by index (3),
tvo-phase - by index (2), single-phase - by index (1), as shown in

diagrass amd vector diagram ia rig. 6-2.

The coamputation of short-ciccuit currents is necessary for: 1)
the selection of the electrical equipment: electrical apparatuses,

busbars, iasulators, power cables, etc.: 2) the selection of the
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seans of the limitation of shortecircuit currents; 3) the design of

relayiag evean 8) the analysis of emergencies in electrical systenms.

Por the solution the first two problems sufficiently knowing how

to deteraiae the short-circuit currxent, which flovs into the place of
dasage, and in certain cases - also its distribution in the branches
of systeas, which directly adjoim the place of damage. In this case in
the majority of the cases completely sufficient is the approximate
deteraination of the curreant of three-phase short circuit and less
oftea than the current of the two-phase short circuit (see §6-12).
during the design of relaying and the analysis of emergencies in
electrical systeas are required the deteraination of short-circuit
currents im the various foras of short circuit, the determination of
its distribution in the branches of system, during asymmetric short
circuits the determination of currents in the damaged angd
intact/uninjured sundanaged phases, determination during the short

circuits of voltages at differeat points of systen.

Calculatios of the modegcomditions of short circuit taking into
account real characteristics aand real mode of operation of all
elesents/cells of the power systeam, vhich unites frequently the large
aunber of sost varied power plaats, is by very complicated and
labor-consuaing. At the same tise for solving the majority of

pcactical probless during desiga and operation of the electrical
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devices turas out to be coapletely sufficient to have available

approxisate values of currents and voltages during short circuits.
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Pig. 6-2. Beanms of short circuits.
Page 72.
Therefore dsring design and ia operation as a rule, are utilized the

approximation methods of the calculation of the mode/conditions of

the short circuit, based on some conditional assumptions which

substantially simplify and facilitate calculations and usually they
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lead to the deteraination of the currents of short with exaggeraticn,
i.e., with reserve (error in these, calculaticn methods it usually

leaves order 10-150/0) .

Is presented belov the comveational in Soviet practice
approxisation arthod of the calculation of currents and voltages
dering short circuits, in vhich are accepted the following

fuadaseatal assuaptions:

1. They accept, that duriag emtire process of the short circuit
of eaf of all generators the systeas coincide in the phase (there are

2o oscillations of generators).

2. Is aot considered saturation of sagnetic systeam that it makes
it possible to consider constants and not depending on current
iaductive resistors/resistances of all elements/cells of

short-circuited circuit.
3. They disregard excitiag currents of power transforamers.

8. Is not coasidered capacityscapacitance of all elements/cells
of short-circuited circuit, svitcaing on air and cable lines (it is
virtually secessary to coasider capacity/capacitance only of very

poverful/thick limes of large extent, for example lines by voltage
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00-500 kV).,

S« They coasider that three-phase systea is symmetrical.

Bspecially let as pause at the accoumt of the effective
resistance of network elements of short circuit. In installations hy
voltage above 1000Y effective resistance of generators, pover
transforsers and reactors are small in comparison with their
inductive resistors/resistances and they little affect the value of
short-circuit current. Therefore short-circuit current in these
iastallatioans they usually calculate without taking into account the
of fective resistance of network elements of short circuit, taking
iato accouat only their inductive reactances. The effective
resistance of air and cable limes is considered only with their large
exteat; in this case larger value has an account of the effective
resistance of cable lines as a result of their relatively low
inductive resistor/resistance. Usually the effective resistance of
the circuit of short circuitimg (r,.,) 1is expedient to consider only
in such a case, vhen it is more than one third inductive reactance

(Xpe,) Of the same circuit [6-1]):
rm>'§x“,- (6-1)

Ia iastallations by voltage of up to 1000V the effective

resistance of metwork elemeats are relatively great; therefore the
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currents of short after shorting ia these installations should be
calculated takiag into accoamt both the inductive and effective

resistance of network elements of short circuit.

Ia the following belov paragraphs of present chapter is examined
the coaputation of curreats with three-phase short circuiting. The
cosputation of currents during asymmetric short circuits is examined

ia §6-12.

Briefly the order of the computation of curreats during
three-phase short circuits is reduced to the following. For the
assiganed in the electrical diagram place of short circuit connect the
sabstitutions and by gradual comversion they lead it to one
equivalent element/cell, which possesses certain resulting

resistor/resistance *,.: or °?

»» on the one hand of which it proves
to be applied the resultant eaf, and fros other side is located the
point of short circuit. Kmowiag resulting emf and resulting
resistor/resistance, according to the lav of ohm is determined the

valwe of short-circuit curreat.

During the computation of short-circuit currents all entering
the calcalation values can be expressed in namsed units
(kilo-volt-anperes, amperes, volts, ohas) or in relative units

(fractioas/portions or perceatages of the basic quality accepted). In
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Soviet designed and operating practice conventional is the second
sethod of calculation, i.e., calculation in relative units. To *the
advantages of this method of calculation can be attributed the
simpler structure of the majority of calculated expressions, the
large clarity of the results of computation and possibility it is
very rapid and it is sisgle to determine the order of computed
sagnitudes, Purther on the course of the presentation of material

will be shown other advamtages of this method of calculation.

The major advantage of the method of calculation in named unity
in connection with short-circuit study consists in the use of an

Ohn®s law in already familiar fora.

Below material of present chapter is set forth in the following
order. All processes and phemomena during short circuits are examinad
with the expressioan of values ia named units (but
re=istors/resistances, and detail, in ohss), with exception of thosa
cases vhen use of a systea of relative unity gives the simpler or

more denonstrative treatsent of phenosena or processes.
Page 73,

All fundamental calculated expressions are derived/concluded

ianitially {in the systes of nasmed unity, amd only after this they are
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led to the systea of relative uaits, which facilitates the

understanding of the physical essence of calculated expressions.

In exasples the calculations are carried out predoainantly in

relative unity, although in some examples are given the versicns of

calculation and in named units.

6~2. Systes of relative units.

The computation of values in relative units, i.e., in
fractioas/portions or percentages of certain assigned, so-called
basic quality widely was encouatered already in all preceded
disciplines: physics, theoretical electrical engineering, electric

sachines, etc.

As an exanmple it is possible to indicate the determination in
fractions/portions or percentages of the appropriate nominal values
of loss or drop in the voltage, and also the power loss or energy in
the slements/cells of electrical circuit. In relative unity accept to
express the paraseters cf electrical machines and transformers, for
exasple impedance voltage 4 %. the slip, etc. The systea of relative

unity they widely use in many courses during the construction of

standard characteristics and for other purposes.
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Here ve will examine the use of a system of relative unity in
connectios with the calculations of the mode/conditions of short

circaits.

%o vill take any eleseantyscell of three-phase eslectrical circuit

with following rating factors U kv, / (kd) , S (NVA) and

HOw HOM HOV

X.o. (Ohas) (ve assume/set r=§), thch are connected with the obvious

conditions:
Und suou = V§ Uuou luon
“ Uuou (6'2)
Foou = Yl

Aay other sode/comditions of the same netvork element is
characterized by some values of voltage U, curremt I, pover S=/Ful
aad resistor/resistance X=U0//31, wvhich can be expressed in the

fractions/portions of the correspoading mominal sizes of this

elesent:
v_ . =1
U.nml—' UIou ’ l.nun'— lw' ’ (6-3)
—__S . _
S.non - Sno- ’ x.uou— Xpou

Obtained sinilarly values are the relative noaminal values, which
characterize netvork elesent uader given comditions for its work
(index asterisk ¢ indicates that the value is expressed in relative
units, and isdex . -~ that it is referred to rating factors of this 1

netvork element).




DOC = 79138808 PAGE 7\67

The clarity of the systea of relative unity shows the following
siesple example. Let the generator with a nominal power of S.. =375 MVA
with mominal by woltage U, =105 k¥ work with lcad S=28.5 MVA with
voltage U=10.2 kV¥. According to these data it is difficult to
visualise the degree of utilization of a generator. However,
resortiag to the systes of relative units, ve obtain the following
relative noainal values of load amnd voltage of the generator:

28,5

Sewon =375 =0.76 and u...,_—:—.?%-e.sv. which already very clearly

characterizes the mode/conditioms of the work of generator.

The given above expressioa for relative nosinal

resistor/resistance x.,  —_-— can be converted, after replacing

Mty - xuou

Xou With its value from forsula (6-2), then:

ﬁl,m,x '
Xegow =7 . (6-4)

Hence it follows that the relative nominal resistor/resistance
is equal to a voltage drop ia the resistor/resistance of this network
eleneat with the course through it of its rated current (with its

noninal load), referred to its mominal voltage.

After replacing in forsula (6-8) the rated curremt through

noninal power, ve will obtain:
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X wou— Uzuol M . (6'5)

Relative values of curreat, voltage and so forth can be
calculated aot only with respect to the nominal values of this
»etvork elesent, bat also vith respect to any other system of values,
placed as the basis of calculation and being called base line systenm

of valees.
Page 78.

Is obvious that into the base line systes of values they must enter
base line power S, Dbase lime voltage U, and base current /.
cornected with equation power of three-phase systea Ss=V3U,.
Therefore arbitrary to be assigaed it is possible only by twc basic
qualities. Be assigned tc usually more conveniently by base with a {
pover of S, and voltage ¢, aad by them to already determine the

base lime curreat:
Iy= ]73‘—5; . (6-6)

With kaova basic qualities S, Us amd I, the relative base line

values are deterained from the following formulas, analogous formulas

6-3:

=U. .1, S
U'G—W' l-o—"i;, s.°=?6. (6-7)
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Relative base line resistor/resistance is detersined fronm

forselas, amalogous to formulas (6-8) and (6-5):

V3l

X. P = Ug (6'8) .
anck
S,
x..=7°§—. (6-9)

Thus, relative base line resistor/resistance is equal to the
voltage drop in the resistor/resistance of this network eleament with
the course through it of base line current, in reference to base line

voltage.

Let us note that into formulas (6-4) and (6-8) to more
conveniently substitute curreat in kiloaaperes and kilovoltage, bhut
iato foraulas (6-5) and (6-9) ~ kilovoltage, but power in

megavolt-aaperes.,

rroa the sase formulas it is possible to determine ohmage,

kaoving resistor/resistance in relative unity.

Asalogously to foraulas are determined , amd r or < and z.

Ia general the systea of basic qualities can be selected
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arbitrarily; therefore ome amd the same physical quantity can have
sany relative base line values. The at the same time relative nominal
value of the sase value is umambiguous. Taking into account this, in
catalogs and plant inforsational saterials always are given only

relative mominal values, i.e., determined at noainal power and with

nouinal voltage of machine or apparatus,

In certaia cases relative values are expresseéd in percentages.
It is ebvioes that Uo/02U300; Io/0=/100; So/0=S100; x0/0=x.100;

re/o=r.100 and so forth.

Belative base line resistor/raesistamce can be determined by
known relative nosinal resistorsresistance (and vice versa), using

the following foraulas, cbtained fros foraulas (6~4) and (6-8):

Is Usow
Xe6 = %o nou —[-::: —U;.' (6-10)
or froa formula (6-5) and (6-9):

sG Uzou (6-| l)

voouSuu U3

Xog=X

In coaclusion let us point out that with the use of the systen
of relative values should be coasidered the nuaerical equality of the
relative values of interphase aand phase voltages, vhich is evident

v U
froa the following: U,_‘“=U;=F::=Uw, Therefore in the system of

relative uaity Oha's lawvw takes the form (index b is omitted)
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L==%}. and the formula of three-phase pover takes the form SF1Us In
this case, obviously, all enterimg the calculation values must be

detersined under idemtical conditions - nominal or base line.

6é-3., Betvork of imstallatioa.

sShort-circuit curreants calculate, using the simplified unilinear
diagram of iastallation (Pige 6~-3), which is called of calculation.
IR this diagras indicate all elements/cells of installation and their
rating factors, vhich sust be taken into consideration during the
coaputatioa of short-circuit curreast. In installations by voltage
above 1000V are considered the resistorssresistances of alternators,
coapensators, electric asotors, power transforsers, reactors, air and

cable linmes.

Page 75.

The resistors/resistances of the busbars of distributors, coupling
cables of cosparatively small leagth and electrical apparatuses
(switches, current transforaers, etc.) 4o not consider in view of

their small value.

Ia installations by voltage of up to 1000V to the value of

short-circuit curreats significamtly affect not only the
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resistors/resistances of the fuadamental elements/cells of the
short-circuited circuit, but also of such elesents/cells as cables
aad bushars by leagth on the order of 10-15 » and more, the primary
windings of current transformers (multiturn), coils of the maximunm
current of automata, contacts of knife svitches and automata, etc. In

this case it is possible not to coasider those network elements whose

total effect on the value impedance of circuit does not exceed 10c/c
[3’6 ].

Ianstructions about the account of the effective resistance of

the slenents/cells of the short-circuited circuit vere given in §6-1.

For the selection of electrical equipment must be determined the
greatest possible values of short-circuit currents in this
installation., Bat at the same tise must not be introduced any
aggravating conditions, which do not correspond to standard
conditions of operating the electrical device. Therefore during the
composition of network ome should proceed fros the provided for +his
iastallatiom normal conditions of the conmection of the feeding

aggregates/units amd circcuits.

In the presence of aggregatessuaits or circuits which on
conditioas of norsal operatioa it cannot be connected in parallel

(for exasmple, the step-dowsn traasformers, air or cable lines, etc.),
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they coaposs network on the basis of their separate work. Separate
work they accept also vhen the parallel comnection of
aggregates/units or circuits is allowved/assumed only briefly
temporarily during operational switchings, for example the start of
stand~-by transforaer vith the subsegquent cutoff/disconnection of
worker or the preliminary start of stand-by lime with the subseguant
cutoff/disconnection of vorker (maamual or automatic). at the same
tine, if in the conditions of iacreasing the reliability of the feed
of users or increase in the efficiency/cost-effectiveness of the
operation of substatioa stand-by transformer can be long connected to
s ltiple operation with workiag transformers, then this
sode/conditions should be accepted during the composition of network

of substatioa.

If the collecting mains of installation are reacted, then one
should proceed from the aormal mode of the work of imstallation with

the comnected reactors between the sections of collecting mains.

During the peak load of systeam in vork can be located all
generators or all power plants of pover system, which can be
necessary both of the comsiderations for providing the most
econoaical mode/conditions of the work of system as a whole and for
providiag the accident-free supply of users in the case of any

eaergeacy cstoffs/disconnectioas in systes., Therefore during the




DOC = 791348804 PAGR "\bé

coaputatioa of short-circuit currents for a selection electrical
eguipaent assuse the sisultaaseous amultiple operation of all

generators of the pover systea both workers and stand-by ones [1-61.

fhe synchronous condensers and synchromous electric motors with
short circeitiag behave just as the generators: they gemerate current
into the place of short circuite Therefore during the composition of
netvork should be svitched oa im it also the synchromous condensers
and syachronous electric motors, examining thea during the
calculation of short-circuit curreats kA generators. At the same time
oae should bear in mind that the small synchronous electric motors
(ia total power less than 1000 kVA) and especially considerably

distant froam the place of short circuit greatly little affect the

value of short-circuit curreat and therefore they can be disregarded.

On the effect of asynchroaous electric motors onm short-circuit

current it is stated dbelov iato §6-11.

During the cosputation of currents of short circuiting they
conditionally coasider that all synchromous machines to short circuit
worked with full total/coaplete nominal load with nominal factor of

pover and moaiaal load woltage.
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rig. 6-3. Uailinear metwork of iamstallation.

Key: (7). Busbars of substation. (2). herial line. (3). O/km. (4).
kV. (S5). BVaA.

Page 7T6.

Parthernore, they accept, what all synchronous machines are equipped
with the automatic field regulators or with other devices/equipment,
wvhich increase their excitation with a decrease in the voltage as a

result of short circuit (over-excitation, compounding - see §22-5).

Network should be also coaposed taking into account the

predicted to the next 10 years development both this installation andi

that pover systes in which it weorks,
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During the design of relaying the currents of short circuiting
can be deterained, also, under other conditioms for the work of
inastallation and system as a whole, vhich finds the appropriate
reflectioa in cosprised petwork, For exasple, can prove to be
necessary the deteraminatioan of short-circuit current with an

incoaplete aunber of working gemerators.

Ia gemeral on network there can be several electrical
steps/stages of different voltages, connected with transformers (on
rig. 6-3 two steps/stages of the voltage: 6.3 and 37 kV). For the
parpose siaplifications in the calculations (see §6-u4) for egch
electrical step/stage ignstead of of it actually/really the voltag=
accept mediua nominal voltage v, according to the following scale:
$25; 820: 230; 1623 115; 37; 18; 15.75; 13.8: 10.5: 643; 3.15; 0.525;
0.4 and 0.23 kvV.

Oa the collecting mains of metwork must be shown these mediunm

nosinal voltages.

Por the explanation of medius nominal voltage let us turn to the
diagras 1ia Pig. 6-8, on which is shovn raising transformer T, which
feeds electric pover line L. The great voltage U, in the beginning of
1ine will be with the idling of transforser, and small voltage at the

end of line U, - with its work with full load. Then for the
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step/stage of the voltage of lime L the =ean noainal voltage
Uw==55%£;_ For example in metworks 110 kV U =121 kV, 0U,=110 kv,
U, =210 415 KV,

After accepting for each electrical step/stage mediua nonminal
voltage, they consider that the noainal voltages of all
elesents/cells, connected at this atep/stage, are equal to its medium
nosinal voltage. However, the miscalculation of short-circuit

currents is obtained insignificaat.

On network of the installation (see Pig. 6-3) indicate nominal
pover (kVA or AVA) and relative moainal resistors/resistances of the
elenents/cells vhich must be taken into consideration during the
compatation of short-circuit currents. For reactors indicate their
rated currents, for air aand cable lines - length and inductive ohkmage
to kilometer, but if they intead to consider effective resistance,

then section and material of wires or strand of cable.

Are given belov the exeaplary/approximate values of the
resistors/resistances of elements/cells, considered during the

computation of short-circuit currents.

Syachronous machines. Ia the set-forth below the practical

aethod of calculation of the currents of three-phase short circuit,
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the syachronous machinmes are coasidered by their inductive reactance
for an initial moment of short circuit, by so-called ultratransitory
teosistor/resistance along the lomngitudinal axis of poles Af .

(6-23.

The relative nominal values of ultratransitory

resistors/resistances x, for different types of synchronous machines

coaprise:
s\ TypGoreiepaTopos AsyxmoAwcHsix . . ., . . 0,09—020
\,&unporeueparopoa 63 ycnokolitenbHuX o6Mo-
TOK & 4 v o v o o o + " a8t e e e e e 0,3—0,33
Q\rnnporeneparopon C yCMOKONTeIbHbIMH O6MOT-
KAMH + .« -t v bt e e e e e e e e 0,14—0.30
\NCHHXPOHHLIX KOMNEHCATOPOB . . « o o« o o » & 0,15—0,20
\AMOLINBIX CHUXPOHHWX IaeKTpodsuraTened . .0,18—03b
Key: (1) . the turbogenerators of two-pole omes. (2). hydraulic ;

generators without damper wiadimgs. (3). hydraulic generators witkl 3
damping wiadings. (4). syanchronous condensers. (5). powerful/thick

synchronous electric motors.

Nore precise values x., are given in catalogs and plant

saterials (see in appendix table P-1, P-2, P=-3).

Pover transforaers and aatotransforsers, Double wound

| traasforaers. Por each transformer there is known its impedance

voltage &'/, the numerical egual to a voltage drop in transformer

vith its mominal load, expressed in percentages of its nominal

voltage.
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Plg. 6-8., Diagraam to the explanation of the medium nominal voltage of

slectrical step/stage.
Page 77,

A .rTherefore, on the basis of data in §6-2 deterainations of

relative nosinal resistor/resistance, it follows that /.'/o-=2 /e

The effective resistance of high-voltages transformer is small; ]

u, %

therefore for thes, as a rule, accept x, --— .

Duriag the computation of ghort-circuit currents in
installations to 1000V they consider as that active, and inductive

reactances of transforsers.

The effective resistance of such tramsformers easily is
deternined, if are known the losses of short circuit /. of

transformer, i.e., pover loss in the vindings of transformer with its

nosinal load:
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2
P = 3Ir.non Ies

vhence
P,

X
Fe= 312 .

T.HON

~  (6-12)
Since z.,-—',‘-".—/f. then, being guided by formula (6-5), it is possible

to deteraine impedance of transforser in the ohas:

“K./QU’

T.HOM

=005, -

T.M0M

Thea imductive reactance of tae transformer

L=V d -7, (6-13)

vhere » and : sust be related to one voltage.

The same resistors/resistasces of transformer can be determined
in relative unity. Being guided by formula (6-5), we determine the

relative effective resistance of the transforaer:

s'-llﬂ\l rf
fop =712
. HOM

After substituting into latter/last expression value "*
accordiag to formula (6-12), we will obtain:

P

—— (6-12,0)

T.HOM

Relative inductive reactance of tranmsforamer, assuaing/settiny

“,%
Zor = g
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2 ]
X.' - Z.,.--l.‘_ -

=‘/[(%%§>t-(3£%;)ﬂ (6-13.0)

Valuwe 4'/s they take according to GOST 401-81 or catalogs upon

pousr traasformers (Iiblc P-4)., For double wound transformers

ux"/. ==25,0 — l4°/..

friple~vound transformsers (Fig. 6-5a) and autotransformers (Figq.
6-5b) are characterized by valewes u'/, for each pair of the
visdiags: 4, ) 4, ‘s and 4. ,%, led to the noainal power of
transformer or autotransforaer (nominal pover of the latter is equal
to its traasfer power - see chapter 23). The replacement scheme of
three-winding transformer or autotransforser is given in Fig. 6-5c.
Inductive reactances of the rayssbeams of the equivalent star of
replacenent scheae can be detersised from the formulas:
X2 =05(u,5 ct+8.pn—".cn)
Xe=050 5 ctu, cop—Htus-n)} (6-14)
X =058, y+4.cn—4us-cr
Reactors. Iadective reactance of reactor deterasine by
calculation, on the basis of aeed the limitations of the current of
short circuiting to the specific value (see Chapter 8). On stations
and substations sost frequently are applied the reactors with

_—~
resisteor/resistance %, from 3 to 100/0 (see fable P-7). i
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Air and cable lines. Reactance to the phase of lines can be

accepted on the basis of the following average/mean values:

"Y“ polaywnux Aunnd 6—220 xe (ua oany (,;)
R 1Y 1 T IR IR 04 ox/im
(4Aaan Bo3LywHiMX L4t nanpsixkeduesm 20
1000 6. o v o v o v o oo oo oo oo 03 .
(u\ntu tpex»u:.uuux xntStaeﬂ 25—:.03 55)6,07—8:2)3 :
'y . . (\‘,Yo 1 xs oow—‘on(” ')

Key: (). for aerial lipes 6-220 kV (to one circuit). (2). Q/kn. (3).
for aerial lines by voltage of uyp to 1000V, (4). for triple-ccres

cable 35 kV. (5). kY., (6). to.

H: @*
g

Py ‘) o N

'z

% *

Pilg. 6-5. Triple-wound power tramsforwer (a), triple-wound

awtotraasforser (b) and replaceseat schese of their (c).
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Page 78.

The effective resistance of wires and cables is taken by

reference tables or they deteraine from the generally known formsula:

r= 1 (6-15)

4

vhere r - active resistance of line, ohm;
1 - length of line, n;

y - specific conductivity (for copper y=53; for aluminum y=32),

n/ohmemm2;
s - section of vwires, am2,

Busbars. Inductive reactance of rectangular busbars during the
location of phases in one plane with distance of a betveen the axes
~N

of the phases (see Fig. 10-3), as it is usually accept in

installations by voltage to 1000 v, it is possible to detersmine froa

the following approximation foraula:

a0
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4acn "
x==0,1451g —— [wom/x), (6-16)
Key: (1). aQ/m.
where %p=|7mmum. - geometric mean distance between centers of

phases, mm; with the location of pnases in one plane and equal

distance between them 43,=12a 4 - peight of rectanqular busbar, ms.

The effective resistance of busbars is determined from foraula

Apparatuses. Active and inductive reactances of apparatuses,
considered during the determination of short-circuit currents in
installations by voltage to 1000 Vv, accept according to plant data

{to catalogs) or results of measurements.

6-4. Determination of the resulting resistor/resistance of short

circuit.

Replacement scheme. On network of setting up plan the
calculation points of short circuit. If short-circuit current
determine for testing electrical equipment to stability with short

circuit, then calculation points aust be outlined then so that over

selected electrical equipaent would flow/occurs/last the greatest
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possible short-circuit current during the assigned mode/conditions of
the work of the setting up (for greater detail, see E€hapter 21). Then
for the selected point of short circuit connect the substitutions of
the setting up, in which all network elements show connected
alectrically (magnetizing currents of transformers they disregard).
Each network element in replacement scheame they designate by the
fraction: in numerator is set itself the reference number of
element/cell, and in denominator - values of the inductive and

effective resistance (if the second they do not disregard).

In the form of an example Fig. 6~-6 gives two replacement
schemes, comprised for pcints K~1 and K-2 of netwvork in Fig. 6-3
(values of resistors/resistances are determined below in example of

6-1).

Since the magnetizing curreats of pover transformers during the
computation of short-circuit currents do not consider, then into
replacement scheme double wound transformer should be introduced one
resistor/resistance, equal to the sum of resistors/resistances of

both its windings.

During the composition of replacement scheme it is necessary to
indicate in it only those resistors/resistances over which

flows/occurs/lasts the aesigned short-circuit current. So, into
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replacement scheme for point K-1 are introduced inductive reactances
of generators and reactor, but inductive reactances of transforaers
and of aerial line are not introduced, since during short circuit at
point K-1 that of the short circuit through thes does not
flow/occur/last (staticn works isolated/insulated, without
connection/communication with system). On the contrary, into
replacement scheme for point K-2 are introduced the
resistors/resistances cof transformers and line, but the

resistor/resistance of reactor is not introduced.

Total or as it accept to call, the resulting resistor/resistance

of short circuit can be determined in named or relative unity.

11e determination of resultingy ohnage, If network has several
magnetoconnected circuits (several network elements at the different
electrical steps/stages, connectad with transformers - a diagram in
Pig. 6-7y, then the resistors/resistances of all network eleaments
aust be given to one and the sawe vase line voltage (to voltage one

and the same electrical step/stage).

ﬂurinq the determination of short-circuit current, vhich flows
into the place of short circuit, it is more convenient for base line
voltage to accept the medium nominal voltage of that step/stage on

vhich assumed short circuit.
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Pig. 6-6. Replacement schemes for the points of the short circuit K-t

(diagram a) and K-2 (diagram b) network in Fig. 6-3.

Page 79.

Bringing the resistor/resistance, expressed in ohms, to the

r selected base line voltage is produced according to the foraula:
x=x(kkk,.. k) (6-17)
where 4, k3, & ..4, - transformation ratios of the transformers through

vhich resistance x is connected with the step/stage of the base line

voltage; transformation ratios are determined in direction from the

selected base line step/stage to that step/stage, at vhich is

connected the element/cell whose resistor/resistance they lead to

base line voltage.

In accordance with indications §6-3 for ~ach step/stage they

accept medium nominal voltage; therefore also transformation ratios




DOC = 79134805 PAGE %79

it is necessary to define as the relation of the medium nominal

voltages of steps/stages.

For example, for the diagram in FPig. 6-7, on which are shown the
medium nominal voltages of steps/stages and resistor/resistance of
network elements, in reference to the appropriate medium voltages (x,
- to U,;; xp and x3 - to U,; x4 and xg - to Uy and x4 - to U,), the

resistors/resistances, led to base line voltage U;=U, will be:

for a generator G

for line L-1

and so forth.

Thus, because of the fact that for each step/stage accept the

medium nominal voltage, the intermediate coefficients of

transformation are reduced and the translation of

resistors/resistances can be conducted directly on base line voltage

o — S —n-—-J
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according to the formula:

us 6-18)
xuo — x”c’&-':.. . (
vhere X, -~ inductive ohmage to the phase of this element/cell, led

to base line voltage U, accepted (sign of bringing © it is omitted);

Xuep ~ inductive ohmage to tae phase of this element/cell with
medium nominal voltage LQ’ ot that step/stage, on vhich is connected

this element/cell.
Analogously lead to U, active and impedances.
Scale U was given to §6-3.
- p

After indicating in the diayram of the substitution of the
resistor/resistance of all elements/cells in ohms, led to base line
voltage, via known from tneoretical electrical engineering rules
convert diagram, giving it to to ever simpler foram, and deteraine
resulting resistor/resistance %,, or 2, circuits to the point of the

short circuit (see belcw axamples of calculation).

The determination of the resulting resistor/resistance in

relative unity is possitle only an such a case, vhen the relative
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resistors/resistances of all network elements are calculated under
one and the same base line conditions., For example, if in circuit are
tvo elements/cells with rating factors s,, I,, U,, x, and Sp, I,
U2y X, then it is simple to accumulate values X, and X, is cannot,
since they are deotermined 1n different rating factors. But if the
relative resistors/resistances of these elements/calls are deterasined
vith the same power (current) and are related to one and the same
voltage, i.e., we calculate under identical base line conditions,
then the resulting resistor/resistance can be determined by the usual

conversions of replacerent schene.
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r b 1 & rz U -3 U &
H- O+ O+—5—+O+
| 1 | ! X 1

5 ] ] % .
Pig. 6-7. Schematic of network,/grid with several steps/stages of
transformation.
Page 80.

For bringing the resistors/resistances to the base line
conditions accepted it is possible to use fcrmulas (6-10) and (6-11),
brought out into §6-2. Accordiny to the condition, accepted in §6-3,
the nominal voltages of all network elements of short circuit equate
vith the medium nominal voltages or the corresponding steps/stages;
therefore formula (6-11) 1n connection with generators and

transformers takes the fora:

R S(\
xoﬁ = Xeyon m ’ (6' I 9)
and formula (6-10) reactors in coanection with takes the fornm:

1
X =X 0 (6-20)

.6 sp.noM | p.OM

With the use of latters/last formula it is necessary to keep in

aind that 1, must be determined wath the medium voltage of that

electrical step/stage, on vwhich is =stablished/installed the reactor.
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Here it should be noted that when reactor is utilized in the

setting up of smaller voltage, for example during the use of a

reactor by a voltage 10 kV in setting up by a voltage 6 kv, it is

necessary to consider a differeance in the noaminal voltage of reactor

from the medium voltage of the step/stage vhere it is

established/installed, and to determine its relative base

resistor/resistance by formula (6-10).

For the air and cable lines, and also other elements/cells whose

resistor/resistance is known in ohms, bringing to base line

conditions is performed as follows. According to formula (6-5)

resistor/resistance in relative unity (assuming/setting

S,on®
UIOII = UGP) x.nou = :}o; N
cp

Bringing to base line power according to formula

(6-19) gives:

Sgx
x.,, = -l-f:: ’

(6-21)

vhere ucp - medium nomipal voltage of that electrical step/stage in

circuit of which is connected this resistor/resistance.

Let us recall again that into foraula (6-21) S, one should

substitute in megavolt-amperes, aad U” - in kilovolts,




DOC = 79138805 Pace 284

According to analogous foraulas they lead to base line

conditions active and iamfpedances.

Having shown in the diagram of substitution all led to base line
conditions relative resistors/resistances, by the gradual conversion
of diagram determine the resulting resistor/resistance of short

circuit in relative unity « .  (or 2z )

@f that presented earlier and formulas (6-8) and (6-9) it

follovws:
__ Y3 lskpe, _ Sc¥om 6-22
X s = A ——-§—U° . ( )

If after U, accept Ucp the step/stage of short circuit X, is
referred to this voltage, then by X, should be understood a voltage
drop in the total resistance of short circuit vhen the load of all
elempents/cells of this circuit is equal to base line power S..
accepted referred to the accepted as base line mediua voltage of the

step/stage of short circuit.

Thus, X, 1is the conditional calculated value, which depends on
base line conditions (x =S, accepted, Since §, can be selected
arbitrarily, then for this point of short circuit X, can have

di fferent values less or large unity.
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Value S, accepted must be conveniently for the coaputations; in
many instances is convenient to take as S; the equal to 100 or 1000

NVA.

In the practice of calculations is used extensively also the
so-called calculated resistor/resistance of short circuit x,,. under
which is understood the total resistance of circuit, vhich consists
of relative inductive reactance for initial the moment/torque of
short circuit X, of generators and external resisting from
generators to the point of short circuit, referred to the total power r

of generators § from which is calculated the short-circuit

HOMEy

current,
Page 81,

Prom the aforesaid it follows:

x suo“!_ . (6'23)

*pacs = *°pea so

X

wvhere <., - calculated imductive reactance of short circuit, in
reference to the total power of generators &

Hout?

X, - resulting inductive reactance of short circuit, in reference

to arbitrarily selected base line powver S . f
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Let us note that x . 4nambiyguously characterizes the

electrical distance of the point of short circuit froams electric pover

sources.

Everything said in ratio «x_,, and X,.. to equal degree is

related also to impedance of short circuit z,, and 27 ..

Example of 6-1, To determine resulting ohmage and relative unity
to points K-1 and K-2 of network in Fig. 6-3, on which are shown all
necessary calculations of value. Effective resistance not to
consider. Nominal voltages of all elements/cells of network to
consider equal to the medium nominal voltages of the corresponding

steps/stages.
Calculation in ohms. Replacement schemes are given in Pig. 6-6.

We determine resulting resisting of circuit to point K-1, Base

line voltage Us=U,, =63 KkV.

Resisting of generators with voltage 6.3 kV we deteraine,

utilizing formula (6-5):

]

%o woulUnow  0,125.6,30 w
Xy am Xy == - -

Suom 15 03 ou,
Key: ohm. F
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resisting of reactor, being guided by foraula (6-8):

X wouUnox 46,3 o)

v TR ™Y 7 W Mty

Key: (1). ohm.

Having connected the neucral of the wvindings of generators as
the points of midpotential, we obtain the simplest diagram, which
consists of two parallel ones and one series resistance (see the
diagram in Pig. 6~6a), from which we find:

Xy
X -—__.,
peakel g bk, e

0,33
=—3—+0,36=: 0,53 ox,

Key: (1) . ohm.

We determine resultiny resasting of circuit to point K-2. Base

l line voltage Ug=U,=37 kV.

Resisting of generators we lead to base line voltage, utilizing
formula (6-18):

Us an »
, -E:-Q.aa m,—-ll.d on,

Xy om Xy mm ‘U¢

Key: (V). ohm.

Resisting of transformecrs with base line voltage wve deteraine,

L L . . . . - ) " e it P .
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utilizing formula (6-5):

ass

"n./‘uzon

7,5.370 n
RS RS T0S,, T TTT T o
Key: (1) . ohm.
Inductive reactance of line with voltage 37 kv
o
X 0,4]/ 0,415 =6 om,
Key: (1) . ohnm.
Prom replacement scheme in Fig. 6-6b ve find:
X% X X, -
Tpes K27 5 "f'.‘l EA +.‘5 T
» n’ ')
=L+ Bl g i8s ou
Key: (1). ohm.
Per unit calculation. Replacement schemes are given in Fig. 6-8.
We determine resulting resisting of circuit to point K-1.
We accept S =100 MVA and ve lead to it all resisting.
Relative base line resisting of generators according to foramula
(6-19) 2




DOC = 79134805 paGE Af9
Se
‘.-"-x..'—rnu - i

=0,125 - =053,

Por determining relative base line resisting of reactor

formula (6-20) we determine the base line current

/ s° 100 9.2 /)
°-V§U. V36,3 - «a,

Key: (1) . kA.

then
Iy 4 92

Xy == Xo 5.6 " Xe puon lp.uol =100 67‘*0,92.

Converting diagram in Fig. 6-8a, we obtain:

0,83
*opeak-1 "% +h=—5~+092=1,3¢

fron
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Fig. 6-8. Replacement schemes for example of 6-1,

Page 82.

We determine resultingy resisting of circuit to point K-2.

We accept the same base line pover Ss= 100 MVA; therefore
relative base line resistance of the generators remains

constant /invariable ones, i.e., x;=x,=0.83.

Relative base line resisting of transformers we deteraine,
utilizing formula (6-19):

u, %S, 7,5 100

Xo=n =y, =w o =

Relative base line resisting of electric power line according to
formula (6-21) :

Sex  100.0,4.15
- 37’. = 0.44.

Xy m

vi,
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@onverting diagram in Fig. 6-8b, we obtain:

X mx,a--;‘- +%‘-+x.-
0,83 1
=gt +0, M1,

The examined examfple shows that per unit calculation somevwhat
simpler, since for the largyer part of network elements are usually

known relative nominal resisting.

Some indications in accordance with the conversion of
replacement schemes, During the coamputation resulting resisting of
short circuit alwvays one should approach simplification in the
replacement scheme. Frequently tha replacement schemes are
symmetrical with respect to the point of short circuit, which makes
it possible to connect the points of equal voltages and thereby to
considerably simplify diagram and computation x,,. Por example, it is

required to determine X, for point K of diagram on Pig. of 6-94 with

s
ident ical generators and step-up transformers. In this case during
short circuit at point K the voltage on the busbars of sections A and
B will be identical and through the sectional reactor F the
short-circuit current flow/occur/last will not be. Because of this in

replacement scheme sectional reactor it is possible not to comsider

and to connect directly points A and B, as shown in Pig. 6-9b.
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Determination x,, for the similar case to us is already known.

With different generators (Fig. of 6-9%) the voltages on the
busbars of sections A and B during short circuit at point K will not
be equal and through the reactor will flow/occur/last the
short-circuit current. Replacement scheme takes the form, shown in
Fig. 6-10a. Determinatiomn «x, 6 becoames complicated, since in diagra=m
appears the triangle of resistiny, formed by transformers and

sectional reactor. For determination «x,, it is necessary the triangle

of resisting to replace with equivalent star of resisting.
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Pig. 6-9. Network of stations witn the reacted composite busbars of
generator voltage (a) and replacemsnt scheme (b) for the point of the

short circuit K with identical generators and transforsers.,

Key: (1) . kV.

Pig. 6-10. Replacement schemes for point of short circuit K of

network in Fig. 6-9 with different generators.
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Fig. 6-11. Conversion ot triangle of resisting into equivalent star

of resisting.
Page 83.
It is krown that resisting x,, x, and x3 of triradial star,

equivalent to the triangle of resisting x,,, X,3 and x5, (Pig. 6-11),

are equal to:

- ety |
Xi== Xy A Xy bxyy " ‘

- Ke¥a . R
Hat= P (6 24)
£ . LN

T N T J

1r necessary it is possible the triradial star of resisting to
replace with equivalent triangle of resistinq vhich are determined

from the formulas:

xnzan—kx,4~%?;
Xy = Xy X, x;f’ ; (6-25)
X1 =Xy +xa+xj‘;?' J

Example of 6-2. To determine «x.,, to point K of network in Figq.

Tt is known:
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W)
sr.nou 1= 31 025 Maa; .\':;' = O.Izs;

S, wou 2 =15 Aloa; x4y = 0,126;
¢
Jp.ou = 1.5 xa; x, = 10%;
st,.o" | = S.,_.“ [ 3 10 Mﬂ u‘ - lo.s./.'
Key: (1) . MVA. (2). KkA.

Medium nominal voltajes are snovn in the diagranm.

Replacement scheme is yiven in Fig. 6-10a.

Ve lead all resisting to base line power Sg=1i00 MVA:

x —X" sﬂ 0 1
PR edr g 0,123 g5 = 039;

100
"=0'I2BT == 0,84;

r oy WSs 105 100
3 == Xg == 10035 = 00 .-——lo ral,OS;

T.HOAM

% 1, 10 9,2

Xy = -—
s 100 1 ome =700 * |.5=0.6L

Here 16a77¥§3—¢92 kA is determined with the voltage of that

step/stage, on wvhich is established/installed sectional reactor,

ic Coy Hith Uo'—‘s.a kV.

We replace resisting of trianyle x4, x4 and xg by eguivalent

star (Fig. 6-10b):
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1,05.0,61 K08 o
Sem =040 10,61 2,71~%

1,05.1,05_
=337 041,

Resisting x; and xg are connected in series:

Xowm Xy 4 xg:=0,39 4 0,24 = 0,63;
the same resisting x, and x,:

X4 == X3+ X;==0,84 4-0,24 = 1,03

Then replacement scheme takes the form, shown in FPig. 6-10c.

After connecting the neutrals of generators G-t and G-2, ve

determine resulting resisting of snort circuit:

XoX10
Xy oy =
e by, TR

0,63-1,08
=03 o5 + 041 =081

6.5. Short circuit in the circuit, which feeds froam the electrical

system of the unlimited power.

The electrical system of the unlimited power conditionally is
considered such relatively powerful/thick system, voltage on busbars
of which can be virtually considered constant/invariable with any
changes in the current (even during short circuit) in connected to it

low-power circuit (S, ,=o0; x ,=0; r,=0). In actuality the pover of

electrical systems and their resisting have some finite values.
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However, many elements/cells of electrical networks possess this
small power in comparison with the power of their feeding systea and
this considerable resisting in coaparison with resisting of systea,
that during short circuits after such elements/cells (transforser,
reactor, line) the voltage on the busbars of the feeding systenm
changes insignificantly and frequently without special miscalculation
of short-circuit current this change in the voltage it is possible

not to consider,

During the computation of short-circuit currents for the
selection of electrical eyuipment 1t is possible not to consider
resistance of the feeding system, if it does not exceed S5-100/0
resulting (or calculation) resisting of short circuit. Obtained in
this case corresponding exaggeration of short-circuit current does

not usually affect the types of the adjustable electrical equipment.

Page 84,

Let us examine the process of changing the short-circuit current
in the simplest circuit (Fig. 6-12), vhich feeds from the electrical
systen of the unlimited power. let us consider that the voltage on
the busbars of system is aqual to medium voltage U# of the

corresponding electrical step/stagye, and resisting are expressed in

ohas and are given to the same voltage Uw.
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The current of load in normal mode is determined by the value of
voltage U, and by the values of resisting of network/grid z,, and

electrical receivers 2z,

During three-phase short circuit at point K resisting of circuit
sharply decreases to values Z,,. which is considerably less than
resisting of electrical receivers 2Z,» the circuital current increases
of up to the value, caused by voltaqezon the busbars of systesm U,
and resulting resisting of circuit O%J:p'to the place of short

circuit.

It is known that in the circuits, which contain inductance, it
cannot be an instantanecus change in th2 current. Any change of
resisting the circuit causes the transient process, during which the
circuital current changes to certain steady value. A siailar

transient process occurs, also, during short circuits.

Pig. 6-13 gives the curve of a change of the short-circuit
current 4 in the circuit, shown in Fig. 6-12, There it is shown
that this current can be decomposed on two component/term: the forced
harmonic current, which has the steady value, and the free aperiodic

current, which damps exponentially. Prom theoretical electrical
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engineering it is known that the same change in the current and its
component/term occurs in the circuit, which contains L and r, upon

its inclusion/connection to sine voltage.

In the practical calculations of short-circuit currents accept
forced periodic component/term of short-circuit current, which in
this case is the steady curreat, to call periodic component/tera of
short-circuit current (or, it is shorter, by periodic current). Por
it usually take the following desiynations: instantaneous value i,

amplitude value / , effective value /.

a.m?
The effective value of the steady short-circuit current is in
general accept to designate J/_, therefore in the examined/considered

by us special case of short circuit /[ =/

Free aperiodic component/term of short-circuit current is
conventionally designated as in abbreviated form aperiodic
component /term of short-circuit current (or even by aperiodic
current). For it are accepted the aesignations: instantaneous value

i

initial value {, ., great initial value / .

~

The value of periodic of coaponent/tera of the current of
three-phase short circuit is determined by voltage on the busbars of

system and resisting of short circuit.




poC = 79134805 PAGE 300
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Pig. 6-12. Circuit diagram, which feeds from the systea of the

unlimited power,

Key: (1) . System.

{
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* "ﬂ/('p In.u"fz‘l.,
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Igte, ™ b
L= i T K\\
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Pig. 6-13, curve of change of short-circuit current in circuit, wvhich

feeds from system of unlimited pover.

Key: (). N, mode/conditions. (2). Transient process. (3). steady

conditions.




DOC = 79134805 PAGE 38/
Page 85.

Since the voltage indicated remains constant/invariable during entire
process of short circuit, then constant/invariable remains the
effective value of periodic coaponent/term of short-circuit current,

determined according tc the lawv of the ohm:

U
(3);_ LI 6-20)
lu V'3 Zpes (

vhere lﬁp - a voltage on the busbars of feeding system, kV;

2., - resulting impedance of short circuit, led to U, ohs.

In settings up by voltaye is above 1000 V usually r,,<€x,,

therafore periodic component/terms of short-circuit current can be

determined approximately by the formula:

U
____co_ 6-27
lll .'/;Txve, ’ ( )

vhere x_, - resulting iuductive reactance of circuit, led to U, ohs.

The same value of periodic of component/tern of the current of
three-phase short circuit can be determined, also, through resisting
of circuit in relative unity. If we from formula (6-22) determine
value x _  and to substitute it into formula (6-27), then after

siaple conversions we wvill obtain:
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U
R _Ts
l° l.m
vhere
l‘l =%
lT - ofl
Since Uy=U,. then » i
o=z (6-28)
or in the kiloamperes
I
3] [
I:Ia' —— l(.:,°= ;——'m. (6‘29)
S -
vhere l°==7?%; - base line current, determined vhen U wequal to U,

to that electrical step/stage for which is designed the short-circait

current, kA

Xp2- resulting relative base line resisting of short circuit,

calculated at hase line power accepted.

If periodic component/term must be determined taking into
account the effective resistance of circuit, then into foraula (6-29)

instead of x  one should substitute 2.,

Prom formula (6-29) it is evident that the results of
computation If’ do not depend on accepted in calculation base line

pover S, since with its change directly propcrtionally change both
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I and *.., However, ccncerniny relative values of periodic of
component /tern, determined according to formula (6-28), then its

value depends on the base line power accepted.

let us pass to the examination by aperiodic by component/teram of
short-circuit current., It was above indicated that in the circuits of
high voltage the effective resistance were small and virtually they
do not affect the value of periodic of component/tera of current.
Therefore in the majority of the cases value bty periodic by
component /ternm is determined without taking into account the
effective resistance of circuit by formulas (6-27 and 6-29). In this
case it is possible to consider that periodic component/tera of

current is current almost purely inductive,

At the same time in the examination by aperiodic by
component/term of short-circuit current / one cannot fail to
consider the effective resistance of ciréuit, since if we place it
equal to zero, then aperiodic current attenuate will not be, which
vill distort the real picture of a change in the short-circuit
current. Therefore in the examination of change in the time of
aperiodic current the effective resistance of circuit one must take

into account.

Short circuit is rossipble at any moment of time at any
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instantaneous value of voltage. In circuits with purely inductive
reactance (r,, =0), but approximately also in circuits vith relatively
lov effective resistance (r,,<x,) heaviest case of short circuit as
this will be shown below, is short circuit at moment/torque, when the
instantaneous value of voltage is equal to zero. Given Pig. 6-13
curves gives for the case when at the moment of short circuit the
instantaneous value of voltage u on the bushars of systea was equal
to zero, and the current of load had instantaneous value {o

Page 86.

If periodic component/term of short-circuit current is is
approximately considered the as purely inductive current, then during
short circuit at the moment of time indicated the initial
instantaneous value of periodic of component/term must be equal to
its amplitude value 6 =/ (Fig. 6-~13), i.e., circuital current at

the moment of short circuit must instantly change from value {cut

uo

0a), to value 1., (cut 0t).

Respectively must change the magnetic flux of circuit. In
actuality in the circuit, which possesses inductance, it cannot occur
an instantaneous change in the maguetic flux and, consequently, also
current, since vwith a change of the magnetic flux in circuit is

induced emf, which calls the course of countercurrent - free
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aperiodic current. As a result of imposition of both cosponents at
the moment of short circuit the circuital current does not change and

remains equal to the instantaneous value of the current of load / .

From the aforesaid it follows that the initial value of

aperiodic of component/term of short-circuit current is egual

‘. =" bo— 1 n.* (6-30)

Further aperiodic compoment/term attenuates on exponential to

the law:
t
; Ty
fy=14, (€ ’ (6-31)
vhere T, - constant of time of the attenuaticn of aperiodic of
coaponent/tern,

Time constant 7, is deteramined from the formula:

— Lx.n Lpes
T. = ’..lz.za—“’w' . (6-32)
vhere L, r,,=r,, and x,, - inductance and active and inductive
reactances of the short-circuited circuit (or Tepey BRA X,..)

In circuits with voltage above 1000 V with relatively low
effective resistance averages/mean value 7,  is
approximately/exemplarily 0.05 s; therefore the duration of the

attenuation of aperiodic of component/term does not usually exceed
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0.2 s. In circuits with high effective resistance aperiodic

component/term attenuates more rapidly.

After the attenuvation of aperiodic of component/teras concludes
the transient process of short circuit and begins the steady
mode/conditions. In circuit flows/occurs/lasts steady current Ln==h_
Frequently it the designate /.

If short circuit occurs at this moment of time when the initial
instantaneous value of periodic of component/term of current proves

to be equal to i, (with uf0), i.e., then the initial value

lyie0==byor
of aperiodic of component/term proves to be equal to zero i,,. =0 (at
the moment of short circuit circuital current it does not change), as
a result of which aperiodic coaponent/term in short-circuit current

is absent,

But if ¢t short closing a circuit ran idle (/,=0) and short
circuit occurred at moment/torque u=0, then i,,.,=/,, and the initial
value of aperiodic of component/term is obtained greatest:

o= 1, =—1,,. This condition is calculation, since in this case

short-circuit current 4 in circuit has great value.

Examining the curve of short-circuit current (Pig. 6-13), ve see

that through half-period (0.01 s) the instantaneous value of
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short-circuit current attains maximum value, which is called impact
short-circuit current and designate i (current, vhich generates the

greatest mechanical actions).

According to the same curves

‘y=1-,-+ Ly gonr
Let us determine the yreat value of impact current under design

conditions indicated atove.

From equation (6-31)

0.01
rl

‘l £=0,04 =l._.0

At the moment of impact current (t=0.01 s) periodic and
aperiodic component/term have identical direction; therefore it is

possible to write:

. T Ta
b= ln.n + ln.ue ' =ln.u + In.ue g =

0.01
-

=(+e )1

Page 87.

Hovwever, since

] - Vrll'

that
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0,04

i, =(14e "Wl = e VI,

Value

0.0)

ky=1-tfe (6-33)

is called the impact coefficient of short-circuit current.

Introducing impact coefficient, finally we obtain:

b=ty 21, (6-34)

Value i is determined from formula (6-27) or (6-29).

Since in formula (6.34) value V2/— the amplitude of periodic
of component/term of short-circuit current, then impact coefficient
k, considers the participation ot aperiodic of component/term in the

formation of impact currcent.

Let us determine the possible limiting values of impact

. : . _%pes .
coefficient £, Since T,-_gﬁa:. then:

if circuit it possesses only inductive reactance (r,,==0), then
T,=oco and k=2, apericdic coamponent/term of short-circuit current it

does not attenuate;

if circuit it possesses only effective resistance(x,,=0), then
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T,=0 and k=1, aperiodic component/term in no way it appears.
Thus, 2:>ky:>l.

In the circuits of settinys up by voltage is above 1000 V¥V with
predominant inductive reactance average/mean value 7,~0,05 s and

k,=1,8, with this

I, =18Y21,=2551 (6-35)

furing the calculation of short-circuit current taking into
account the effective resistance of circuit should be calculated the
value of impact coefficient in formula (6-33), after determining the

p-eliminarily time constant 0f circuit by formula (6-32).

[

T,

In Pig. 6-14 are given curves [6-1) of dependence ¢ =[(t T,),
that make it possible tc rapidly determine the instantaneous value of
[}
aperiodic of component/term depending on T, (value ¢ f:==a, is

called the attenuation factor of aperiodic of component/term). On
curved t=0.01 s it is possible to determine value 4, ,,, and then

impact coefficient in foramula (6-32).

During estimates of impact current on the side of the secondary
voltage of the transformers whose power do not exceed 1000 kVA in

each of the in parallel workingy transformers, it is possible to
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accept ky==13.

€Eull/total/complete short-circuit curremt during transient
process is not sinusoidal as a result of the presence aperiodic
component /term. Therefore effective value full current /,, for
certain moment/torque time t after the beginning of short circuit
defines as root-mean-square current during the period (0.02 s), in

middle of which is located the moment/torque of time t:

L=V 2413, (6-36)
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Fig. 6-14. Curves for determining the attenuation factor of aperiodic

of component/term of short-circuit current.

Page 88.

The effective value of aperiodic of component/term of
short-circuit current during a-— > period approximately can be
taken as the equal to its instantaneous value in the aiddle of

period, i.e., by considering that during period aperiodic

component/term does not change aand has value i, Then foramula (6-36)
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can be rewritten thus:

Using lattar/last foreula, let us determine effective value of

PAGE 342~

=Y+, (6-37)

full of short-circuit current for first pericd after the onset of the

short circuit:

’y- " l: ""zr:-D.OI-

Since i, o0 =®,~11/7, then after conversions ve obtain:

Iy=1, o/ T+ 2%k, =), (6-38)

With the impact coefficient ky=1,8

and

1,152, (6-39)

iy LBYZI,

-t - - -
7, T8I, 68, (6-40)

i
The great value of relation -+ =173 is obtained with impact

Iy

coefficient &, =15

In three~phase circuit at the moment of three-phase short

circuit the instantaneous values or voltages in phases are different,

in consequence of which different the initial values of periodic and

aperiodic of component/term and, consequently, also the

full/total/complete values of short-circuit currents in phases. If

three-phase short circuit occurred at moment/torque, vhen in one of

phases i , =/, ..

then in twvo other phases j , vill be less / .
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Therefore only in one phase impact current can have computed value,

determined according tc formula (6-34). The aforesaid illustrate

curves to Fig. 6-15, led for the case wvhen to short closing a circuit

vas not loaded (/,==0) and at the woment of short circuit the
instantaneous value of the voltage of phase A wvas equal to zero

(u,=0).

As can be seen from curves in Fig. 6-15, the amplitudes of
periodic of component/term in all phases are identical, since their

value is determined by voltage U on the busbhars of the feeding

<p
system and resulting resisting of short-circuited circuit «x_,.
Aperiodic component/term in phases are different, since their values

dépend on the moment /torque of short circuit, i.e., from value i , .

Impact currents in phases not are only different by value, but

they do not coincide als¢ in time.
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Pig. 6-15, Currents in phases during three-phase short closing a

circuit, which feeds fros the source of the unlimited power.
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Page 89.

When selecting of switches according to the disconnecting
ability they use also the amount of the power of short circuit,

determined by usual extression for the three-phase power:
s,=V3U,l, (6-41)

vhere l&p - medium nominal voltage of that electrical step/stage, for

|

wvhich is calculated curreat I,

The power of short circuit is the value of conditional, since
during its detarmination they accept the medium nominal voltage of

the step/stage of short circuit.

If left and the right side of formula (6-29) are multiplied on

Y3 and U, then we will optain (assuming/setting U,=:U )

(6-42)

Example of 6-3. To calculate impact and steady currents and
povwer of short circuit at the points, indicated on network in Pig.

6-16a, where are given all data, necessary for calculation. The
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cables of line 6 kV, feeding distribution point RP, work in parallel.
The effective resistance of cables 6 kV rust be taken into

consideration.

Since short-circuit currents are deteramined only during
three-phase short circuit, the index (3) for simplification in the

recordings it is oamitted,

Let us fulfill calculations in two versions, expressing ohmages

and relative unity.

Version 1, All resistiny we express in ohms with the medium
voltage of that step/stage, on which occurred certain

closinjy/shorting.

Short-circuit current, which flows into point K-1. In this case
Ug=Ug = 115 kV resisting of circuit to the point of the short

circuit K-1 is equal to resisting of air electric power line, i.e.

[
ey K1 *= X, = x == 70.0,4 == 28 ou,

Key: (1) . ohnm,

According to formula (6-27):
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U "5 )
gy =1 - — cpl - {
B K-t o K- 7’3:’“‘_, Vi 24 «xa.

Key: (1) . kA,

Impact current according to formula (6-35):

by ka=1.8Y T . 2552426 :?a)

Key: (1) . kA.

Povwer of short circuit according to formula (6-41):

Sga= Viucp k= )
= ¥'3.115-2,4 = 480 Mea.

Key: (1) . MVA.
Replacement scheme for the calculation of short-circuit currents
at the secondary voltage of substation (at points K-2, K-3 and X-4)

is given in Pig. 6-16b. We compute ohmages of all elements/cells of

replacement schame with voltage Us=VU,,=63 k¥,

Resisting of air electric power line, led to voltage Ug,s

. Ucp2 6,30 ")
x,—x,—u—z-”—-% W%O:N ox.

Key: (1). ohm.

Resisting of transformer we determine, being guided by formula

(6-5) when U,u=Ugyps
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. % U:uou
x'-‘.-“-w r.lﬂl-
10,5 6,3 "

~T00 - 15— =0.28 ou

Key: (1) . ohm,

Resisting of reactor we determine, being guided formula (6-4),

accepting Ypuou =Ueps

5% Upuon - 4.6,3 -048 S
10 y 3y 100¥3.0,3 0%

Xy =
P.HOM

Key: (1). ohnm.

Inductive reactance of cable we accept from calculation 0.08
Q/km (see §6~3):
()]
Ko =2 X, = 0,08:2,5 == 0,2 pu.

Key: (1). ohm,

The effective resistance of cable according to formula (6-15):

- 11000 2,5-1000 0)
Iy "-T-W-o.s] oMl
Key: (1). ohnm,
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Fig. 6-16. Network (a) and replacement scheme {(b) for example of 6-3.
Key: (1) . System. (2). Overhead electric power line. (3). Q/km. (4).
kV. (5). MVA, (6). working substation. (7). Cable with copper
veins/strands.

Page 90,

Short-circuit current, which flows into point Kx-2. Resulting
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resistance of the circuit

. X o,?s (2}
Foes k2 == K+ = 0,08 +—3—=0,17 oxn.

Key: (1) . ohnm.

Then:
’ Uepo 6.3 0 n
Sha (-9 = "= ey =21 xaq;
n K2 oo A-2 depcal(-} '/'3.0-‘7 xa;

dy k2= 2,55-21 =54 xa; (L
Skp=}/3.6,3-21 = 230 Mea. (2/

1

Short-circuit current, whica flows in K-3. Resulting resisting

of the circuit

’)
Kpes K3 ™= Xpeg k.2 %3= 0,17 4 0,48 == 0,65 O

Key: (1) . ohm,

Then:
63 [
lyks=luks= ¥3.0.65 == 5.6 xa;

Iy Kg=255.5,6= 14 xa; &
Sgs=}3.6,3.5,6 = 61 Mea.l*’

Ke/: (1)- kA. (2)- MVA.

Short-circuit current, which flows into point K-4, Resulting
resisting of circuit wve determine taking into account active and

inductive reactance of the cables:
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X _,0,2 )
Lpes K4 = ¥pas K-3 +—2'--0.63+T"0.75 ox;

0,67
Fpes K4 -’52.“3—2— =034 of
Key: (7). ohn.
r 0,34 1
pes K4 therefore the effactive resistance

In this case 'x—pe:;-:—b—.E)-—a—,

of cables must be taken into consideraticn.

T A
'lmKJ"‘/'pe- Kt + Xpea kot =

- VO30 075 = 0,82 ou!"

Key: (1) . ohm,

Short-circuit current
U
IIA‘4=I¢)K~¢== :-‘cp
‘/JZP!:K-d
- 63
V3.0,82

=4,4 xa. ()

Key: (1). KkA.

We determine the time constant of circuit by formula (6-32):

0,75

Xpes K+ -
3""0,3" -0.(»7-

r -
. awm“

Oon curve on Fig, 6-14 we find a,_4q =025
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Iapact coefficient &, =14025-125
Impact current éyx =4, V2l =125yZ4,4= 78 KA.

Power of the short circuit

v {'/’
Sxe= V3-6.3-1.4-1-48 Mea.

Key: (1) . MVA,

version 2. All resisting we express in relative units.
Full/total/complete replacement scheme is given in Fig. 6-16c. We
accept base line power S,=100 MVA and we lead to it all relative

resisting of replacement schene.

Relative base line inductive reactance of electric power line

accord inqg to formula (6-21)

S,
X=Xy p5= %, U—;I——O.Lm *Ti5T == 0,21;
p

the same of transformer according to formula (6-19)

so
Xy ﬂl.nx‘nx.'.ogx.' ?.__
T.M0M
=105 - 100
00" Is 0%

the same of reactor accordirg to formula (6-20)
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Iy, ¢ 9.2
".‘"M“’v-mT’:"m'm-l'zz’
vhere

16 - sﬂ - 100 (')
]/fu. WG.T 9,2 xa.

Key: (1). kA.

Inductive reactance of cable we accept from calculation 0,08
Q/km (see §6-3). Relative base line inductive reactance of the cable
Xg == Xy om 0,08.2,5 'GI—‘('?%' =0,5.

The effective resistance of cable according to formula (6-1S):

11000  2,5-1000 /1)
fes™ g T g3q0 0BT oa

Key: (1). ohm,

Relative base line effective resistance of the cable
Fo==ryom 0,674%%-1.7.
short-circuit current, which flows into point K-1. We accept

Ug==115 kV, then

p 86 100 N
O ViU, Vs 05 e

Rey: (1). kA.

In this case
xon'K.l-xl“oozl- A

According to formula (6-29):

—
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l‘ 0.5 ()

ek =lers = T TS M

Key: (1) . kA.

Impact current according to formula (6-35):
(I\

byka=V8)/Tl x,=255.-24%=6 xa.

Key: (1) . kA.

Power of short circuit according to foramula (6-42):

s s° - IOO U\
Kot ™= ';;;‘A': m—‘km Mea,

Key: (1). MVA,

Page 91,

Short-circuit current, waich flows into point K-2, We accept

Usg=6.3 xv: then

100 )
log sz —pm .,
6 V3-U.3 9,2 Xa.

Key: (1). kA.

Resulting resisting of the circuit

} 4 0.
Xopes K.7 == %, + “;,L =-0,2{+ 'T7-t0.“.
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Then:
{

- 9,2
o K-2 = Imk_zmmgzl xa;”’

ly K2 =2,55.21 54 xay (O j

s, w100
K-27 5 47 =230 Afeq.l 2)

Key: (1) . kA. (2). MVA.

Short-circuit current, which flows into point K-3. In this case
Ug=6.3 ko %4 Iy~ 9,2 xV

Key: (1). and. (2). kA.

Resulting resisting of the circuit

Fopes K9 = Xopey k.2 -+ %5 == 0,41 41,22 = 1,66,

Then:

1 . 9,2 /)
uK.3= IQK,,-WQS.G Ka;

78
y x3=2.55.5,6= 14 xgq;

L LY
,60

Ske™ 1755 =60 Mea.
Key: (1). kA. (2). MVA.
Short-circuit current, which flows into point K-u.

- e @)
Ug=6.3 xo u ls=9,2 xa,

Key: (1). and. (2). kA.

Resulting resisting of the circuit:
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re 1,7
Topes k4= =3~ =085

Fopaa K4 = Xepay xq"*"f'f.' =1 -56+9-§§- 1,91,

fopes 085 1
In this case =P therefore the effective resistance of

"'nes
cables must be taken into consideration.

b b M

Ze pea k4= Y OB FTITT = 2,0
Short-circuit current

i 9,2
1 -] - L] » I£2]
"k o K4 z.mk_' -m-‘u‘ Ka.

Key: (1). kA.
We determine the time constant of circuit by formula (6-32):

; %o pes 1,91
s ™ 3T4r. .y =~ 374.0.85 =0.007.

On curve on Fig. 6-14 we find a,gq =025

Impact coefficient & =i 40.25u1.25

Inpact current fyx,=&, Y Tlx=LB)yT 44178 KkV.

Power of the short circuit <

|
f
4
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100 [
3x4'§j-48 Mea,

Key: (1). MVA.

As one would expect, calculation by both methods gives

completely identical results.

Prom the comparison of the values of currents and pover during
short circuits at points K-2 and K-3 evidently, hov sharply reactor

on line decreases current and power of short circuit.

Calculation under the coadition of the unlimited power of the
feeding system makes it possible to determine the limiting possible
values of short-circuit currents in this setting up, which is
especially important, if not precise indications about further
development of system, Fhe selection of electrical equipment in terss
of these values of short-circuit currents gives guarantee in the fact
that during any developaent of system the designed setting up it is
not necessary to re-equip, since at any power of system the actual
values of short-circuit currents in setting up will be less than

calculations,

The aforesaid can be explained based on the example of diagraa

in Pig. 6-16. Por example, short-circuit current at point K-1 can be
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more than calculated only during the construction of the second
parallel feeding line., Short-circuit current at point K-2 can exceed
calculation only during setting up on the substation of the
supplementary in parallel connected transformers or during the

replacement of those established/installed more powerful/thick.

In the practice of dasign and operation frequently it is to
necessary rapidly calculate maximally possible short-circuit current
after any network element - by power transformer, reactor, etc. in

this case they enter as followus.

Let us assume resistive of xo/0 for which aie known its rating

factors S Let us agree that during short circuit at point

| LI luou' Uuou'
K (Fig. 6-17) the voltage before resisting (from feeding side)
remains constant/invariable and egqual to the nominal voltage of

resisting (condition ¢f teed from the system of unlimited power).

- ogoas? R
L
Scad™! %
'-‘, u...sm

Pig. 6-17. Diagram to the deteraination of the maximua value of

short-circuit current.

R . g 9 e i P o Y
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Page 92.

Then it is possible to write

I 100

Tuou ™ %%

(vith course through the resistor/resistance of current /.. a voltage
drop in it coaprises x°/» and with the course of current |, a voltage

drop composes 1000/0).

From latter/last expression we obtain:
100
Il = "uou ;;:/-. . (6'43)
Value 100/x0/0 is called the greatest multiplicity of

short-circuit current,

Multiplying left and the right side of formula (6-43) on VTZUW

{(under condition Upu=U,), ¥e obtain:

S—g o

= Swouz:

(6-44)

In connection with povwer transformer this formula takes the

form:

S — 100

&7 “v.om Uy

(6-45)
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and

SK

1, = m— ’ (6-46)

vhere U,, - medium noainal voltage of the step/stage of the secondary

side of transformer.

In the case of reactor when U,,,=U, formula (6-43) takes the

form:

100
lx=lp.uon'¢—Pv_.' . . (6-47)

Values i, and I, determine from the previously brought-out

formulas.

Por the air and cable lines whose resistor/resistance is usually

known in ohms, e to more conveniently use the following formulas:

_ Ve
I= V:Tz‘ (6-48)
or, when r,=0,
. Ueo
l,= V3x, (6-49)

Exaaple of 6-~4. To determine maximally possible current and
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power of short circuit on the secondary side of the transforamer in
pover 1800 kVA of its own needs of station. Impedance voltage u,=38%:

the primary voltage of the transformer of 6.3 kV, and secondary of

3. 15 kV.

Pover of the short circuit

100 - 100 )
Sy =S8, ou e 1.8 5 =23.Mea.

Rey: (1). MVA,

Short-circuit curreat

S, 23 ) ] T
h=v3u, " vsas e

iy==2.55-4.2==ll xa. 4

Key: (1) . kA.

In conclusion let us pause at the determination of voltages at
di fferent points of network/grid during short circuits. During
three-phase short circuit the voltage in the place of short circuit
is equal to zero. Voltage at any point of network/grid, distant froa
the place of short circuit to resistor/resistance of x, is
numerically equal to a voltage drop across this resistor/resistance
vith tha course on it of the current of the three-phase short

circuit: . *
U,=V31ix. (6-50)
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Utilizing a system of relative unity, it is possible to write:
q-u = l.?x,x. I

or

(6-51)
USy=14) %100
and further in the kilovolts;
U,=UU,=IVxU,. (6-52)

In formulas (6.51) and (6-52) ﬁf and x, compulsorily they must

be calculated under one and the same base line conditions.

Example of 6-5, Utilizing results of the calculation of example
of 6-3 (Fig., 6-16), to determine voltage on the busbars of the
primary side of substation during establishing mode/conditions of

short circuit at point K-3.
In an example indicated is determined /o x4=5.6 kA.

Ohmage from the point of short circuit to the busbars of the

primary side of the sutstation (see Fig. 6.16b) composes

0,28 ¢)
o x——'al +x.——s—'+0.48§°.57 on,

Key: (V). ohm,

The voltage drop across this section, in reference to the
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step/stage of voltage U, ,:=63 kV, will compose

Urposy=V 3l g sr = Y 55605755 &/
Key: (1) . kV.

Page 93.

Voltage on the busbars of the prinary side of the substation

U

cn?
Uu(ns)=ux(sa)u =5 5 6. 3"' = 100 ")

Key: (1). kV.

or in percentages of U,.=1!15Kky

_EEMﬂ

l‘/. Ucpz’

100
100=ﬁ3 lOOkS'Ie/“_

Let us determine the same voltage, by utilizing a systea of

relative unity.

Relative value of short-circuit current, which flows into point

K~ 13:
; 1 | )
K3 Xopes Py o5 == 0.0,
or othervwise
Ioxy 5.6

Iy K= =gy = 0,60,

Relative base line resistor/resistance of section from K-3 to
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the busbars of the substation
"-:21 ta= 9;;*7‘“-22& 1.45.
Voltage on the busbars of substation according to formula
(6.52):
Usqusy =-l°ao 'I(J"Ucp ) =0,60-1,45.115 = 100 {:t’c.

Key: (). kV.

or in percentages of Ug,:

U = I x.3%100 = 0,60. 1,45. 100 == 874,

6.6. Short circuit in the circuit, which feeds from generators

without automatic field reyulators.

A change in the short-circuit current {, and by its periodic
i, and aperiodic i of the components during short circuit in the
circuit, which feeds from generator without automatic field control,
it is shown in Fig. 6-1d. Short circuit is assumed at the
moment /torque when emf of generator is equal to zero. As earlier,
accept that the effective resistance of the short-circuited circuit

is small inp comparison with its inductive reactance.

As a result of the absence of autonmatic field regulator the
current and the magnetic flux of excitation in the process of short

circuit remain constant/invariable.
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Without submerging in the part of the process of the sudden
short circuit of alternator, examined/considered in course
"electrical machines® [ /. 6-2], let us recall the here only
fundamental reasons, which cause a change in the tiae of

component /term and, consequently, also full of short-circuit current.

In the relation to the reason for the onset, chatracter of
attenuation and conditions, which are deteraining the value of
aperiodic of component/term, everything said in §6-5 completely

remains valid and for the present case of short circuit.

A fundamen*tal difference in the case of short circuit in
question from short circuit with the feed of circuit from the source
of the unlimited power comsists in the inconstancy of amplitudes by
periodic by component/term, gradually changing from greatest initial
value |, to smallest steady value/2/, This amplitude reduction, and
therefore, also the effective values of periodic of coaponent/term of
current is causedq by decrease in the process of the short circuit of
enf of the stator of qgenerator as a result of a gradual increase in
the back induction of the reaction of stator, i.e., the decrease of

the resulting air-gap flux of generator.
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The periodic current i, lagging on phase behind eaf of
generator to angle, close to 909, creates the magnetic flux of stator
¢, (Pig. 6-19), directed contrarily tovard the magnetic flux of
excitation ¥ of generator, i.e., the magnetic flux, which is the
longitudinal flow of the reaction of stator. However, since
excitation winding possesses inductance, then engaged with it
magnetic flux @, cannct instantly change. Consequently, at the first
moment of short circuit the magnetic flux, engaged with excitation

winding, must remain coanstant/invariable.
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Pig. 6-18. Curve of a change of the short-circuit current in the
circuit, vhich feeds from yenerator without automatic field

requlator,

Key: (1. N. mode/conditions. (Z). Transient process. (3). Adjust.

mode/conditions.

Page 94.

But this is possible only in such a case, whereas when in excitation
winding at the first moment of short circuit appears supplementary,
so-called free aperiodic current {w having the same direction, as
the field current I, of generator, and supplementary free flow <,

created equal in magnitude and opposite in the direction to the
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longitudinal magnetic flux of stator @,=—9%,) tThis free magnetic
flux of rotor displaces the flow of stator on the way of scattering
the rotor winding, as a rasult of which the magnetic flux, engaged
vith excitation winding, remains constant/invariable.

Constant/invariable remains emf of generator.

Pree currents are induced also in damping windings of rotor (inm
the presence their) and in its steel mass (flank of rotor), which
also create some supplesentary free magnetic fluxes, directed against
the flow of stator. Therefore in actuality the longitudinal flov of
stator is displaced on the way of scattering the rotor as a result of
the combined action of the free maynetic fluxes, created with free

coil currents of excitation, damper windings and steel mass of rotor.

Since excitation winding, damping windings and steel mass of
rotor possess offective resistance, then induced in them at the first
moment/torque free currents attenuate (on exponential curves) and is
more rapid, tha lower the time constant L/r of corresponding circuit
(i, in Fig. 6~20). With tne atteauation of these free currents
decrease the created by them free magnetic fluxes. As a result this
flov of stator it gradually panetrates the outlines of rotor
vindings, the resulting air-gap flux of machine decreases, that also

leads to the decrease of eaf of stator and periodic component/teram of

the current of short circuiting. At the moment of the disappearance f
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of free circuital currents of excitation ceases a change in esf of
generator and by periodic component/term of current - begins the

steady mode/conditions of short circuit.

Thus, the duration of the transient process of short circuit is
determined by the duration of a change in periodic in coaponent/tera
of short-circuit current, which in turn, is determined by the time of
delay of free currents in rotor windings. During short circuit on the
terminals/grippers of gemnerator the decay time by the periodic
component/term, and thereby also transient period of short circuit is

approximately/exemplarily 3-5 s,

In Fiq. 6-20 it is shown that free current I, into winding of
the excitation of generator changes on an exponential curve from

initial value i, -0 to 2zero.

The aperiodic coil currents of the stator create motionless in
space magnetic flux. During the rotation of rotor the excitation
vinding intersacts the motionless flow of stator indicated; therefore
in it is induced alternating current, which is superimposed on the

free current of constant direction.

- A
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Fig. 6-19, Three-phase short circuit of generator,

Key: (1). Driver. Rotor winding. (2). Winding of stator. (3). Rotor.

(4) . Stator,

Pig. 6-20, Curve of change of coil current of excitation during short

circuiting of generator without automatic field regulator.

Key: (7). Beginning of the crusts. of closing/shorting. (2). Began of

establishment mode.

Page 95,

As a result of this occurs the indicated in Fig. 6-20 pulsation of
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coil current of excitation whose duration is determined by the time

of delay of aperiodic armature currents (pain 0.2 s).

The instantaneous value of the periodic component/tera for the
arbitrary moment of time by us is marked i, The effective value of
periodic of component/term /n for any moment/torque of time t
conditionally take as the equal to its effective value during the
period into the middle of which is located moment/torque t (accepting
that for the duration of one period periodic component/tera little
di ffers from sinusoid). Corresponding to this moment/torque asplitude
by periodic component/term J.w is found through curved, which
envelopes amplitudes periodic coapaonent/tera (dotted curves in FPig.
6-18). Thus, the effective value of the periodic of component/tera

for the arbitrary moment/torque of the time

Iy,

’nt= V'

“!lﬁ

During short circuit at moment/torque e=0 initial instantaneous
value by periodic component/term 1" will be maximum U:% Disregarding
the atteruation of the periodic components during the first period
af ter the onset of short circuit, it is possible to consider that
l: will he the amplitude of periodic of component/ters during the

period indicated.

The actual value of periodic of component/term during the first
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period after the onset cf short circuit, or as it usually call,
initial ultratransitory short-circuit current,

iy

[ 42

1 ==

puring three-phase short circuit this current can be calculated
according to the formula:

"3y __ E” .
"= V3 (g +x,) ' (6-53)

vhere E" - ultratransitory eaf of the generator; x, - i
ultratransitory inductive reactance of generator (inductive reactance

X

for an initial moment of short circuit); “= - external inductive

reactance of short circuit (froam the terminals/grippers of generator

to the place of short circuit).

Ultratransitory emf E" and ultratransitory inductive reactance
‘x: are the parameters ot generator, which characterize generator at

the moment of disruption of its mode/conditions (6-2].

By index " (double prime) note the values, which relate to the
ultratransitory mode /conditions of short circuit, i.e., to that
initial period of short circuit when occur free currents in damper

windings and steel mass cf rotor. After the attenuation of these

currents bagins the traasient mode/conditions of short circuit, which

converts into that being steady after the attenuation of free coil
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current of the excitation of generator.

Ultratransitory emf of generator E" can be approximately

determined by the formula:

E'=U, +V3I,_ xsing=~rU, (6-54)

wvhere U_, =U - noninal voltagye of the generator, takea equal to the

<p
medium voltage of the corresponding step/stage (see §6-3); L - the
rated current of the generator; k - proportionality factor whose

values are shown below.

In all cases of computing the short-circuit currents froa
turbogenerators, diverse generators and also hydraulic generators
wvhen x,..>! one should to accept k=1, i.e., count E"z:U,. During
the computation of short-circuit currents from hydraulic generators
vhen xw“,<‘ tha values cf coefficient of k should be taken according

to data of Table 6-1 [ 6-3).
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‘(able 6~-1. Values of coefficient of k for hydraulic generators.

Jnavenus KosPOuULNENTS & NpN Dad-

O) HAZX BEANTNNAX PECYOTIOTIO CONPO-
THBAGHRS Xs pycy
TaD FRAPOTENEpPSTOPS
glslajslale]e-
L) -] © (-] (- [ -
Des ycnokourcabhofl
OGMOTKY + « « + & ~ 11, 16{1,14]1,10{ 1,07 1,05} 1,03
C Enyc nokouteasnoil .
o6moTkoR , . . . . |1, 01041,0712,0711,0 | 1,03]1,02{1,00

Key: (1). Type of hydraulic generator. (2). Values of coefficient of
k with different values of calculated resistor/resistance. (3).

Without damper winding. (4). ¥With damper winding.

Page 96,

If we substitute condition (6.54) into formula (6-53), then wve
will obtain the approximation tormula for computing the initial
ultratransitory current of three-phase short circuit, analogous to

formula (6-27):

ln 3) __

_‘__'f_USL *Ue, 6-55
Vit +x) — Vo, (&%)

After multiplying left and the right side of formula (6-55) on
V33U, we will obtain calculated expression for deteramining the

ultratransitory power of the short circuit:

" VT kUG
S =V3Ucpl"".:x—tl. (6.56)

pes
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After expressing all values in relative unity under base line
conditions and after fulfilling the same transformations as during

the derivation of formulas (6-28) and (6-29), we will obtain:

vy k

A = (6-57)
and

re=_*_r. (6-58)

x.p“
Analogously is determined the ultratransitory power of the short
circuit:
__ &
S — o S, (6-59)

Impact current and effective value of full of short-circuit
current during the first period determine by those brought out in
§6-5 to formulas (6-34) and (6-38), replacing in them /, on /':

i,=k V20", (6-60)
1,=1" VI_-{T(kT-—_l)—' (6-61)

During short circuit on the busbhars, supplied directly from
powerful /thick generators, should be accepted impact coefficient £,=
=1.9; then

L=19VZ1"=271".  (6-62a)

In all rermaining cases of short circuits in installations by

voltage it is higher than 1000 v, when is not considered the

effective resistance of network elements, one should accept &k, =1.8
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|

and -
L,=18y/21"=255I". (662 1

Impact cozfficient upon consideration of effective resistance is

determined in accordance with by indications §6-5.

Effective value of full of short-circuit current for the
arbitrary moment of time taking into account the aperiodic

component/tern is determined from formula (6-37).

With an increase in the electrical distance of the place of

damage the short-circuit current decreases and short circuit all to a

lesser degree manifests itself the work of generators.

The distant point of short circuit conditionally is called such
place in electrical circuit, during short circuit in which the
current in the generatcrs of station changes so insignificantly that
it is possible to disregard a change in emf of generators and to
consider voltage on their terminals/grippers constant/invacriable and

equal to normal (to medium noaminal voltage of step/stage).

Therefore, Aduring short circuit at the distant point they
consider that periodic component/terama of current does not change and
with the first moment/torque of short circuit takes its steady value

I*=I,=I, 1¢t is obvious that in this case the character of a change
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of the circuital current will be the same as in the installation,

vhich feeds from the source of the unlimited powver (see Fig. 6-13).

Aperiodic component/teram appears with any distance of the place
of short circuit from generators, since the circuit possesses

inductive reactance.

The virtually distant poiats of short circuit it is possible to

consider all points for which x> 3

Short-circuit current at the distant point can be determined by

using the formulas, givep in §6-5.

6-7. Short circuit in the circuit, which feeds from generators wvith

automatic field regulators.

At present the generators of power plants, as a rule, supply
vith automatic field regulators. These regulators are intended for
maintaining the assiqgned voltage of the generator by an automatic
change in their field current with all divergences of variable
voltage (for greater detail, see chapter 22). During short circuits

load voltage of generator decreases and automatic regulator increases

jts field current.
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Page 97.

However, since automatic regulators possess certain proper time of
action, then even with considerable a decrease in the voltage froa
the terainals/grippers of gemnerator regulator comses in action with
certain retardation, generally speaking in very small for
contemporary automatic devices/equipment. Furthermore, and the
considerable inductance of the excitation winding of generator leads
to the delay of a change in the field current. As a result of entire
this action of automatic field regulatcr in practice begins to
manifest itself only after certain time after short circuiting. Fros
the aforesaid it is possible to draw the conclusion that the
automatic field regulatcrs of Jenerators do nct affect the value of
short-circuit current in the first periods of short circuit. The
initial values of ultratransitory current and aperiodic of
component/term and the process of its attenuation and, consequently,
also impact current remain the same as with generators without

automatic field regulatcrs.

With a small alectrical distance of short circuit froa
generators (at low value¢ x,, in Fig. 6-19) the character of a change
in the short-circuit current remains in fundamental the same as with

generators without automatic field requlators (Fiqg. 6-18), but the

value of periodic of coaponent/term after certain time is obtained
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considerably larger (curves 1 and 2 in Fig. 6-21). In this case load
voltage of generator in the steady mode/conditions remains less than
its nominal voltage even with a maximally possible increase in the

excitation by automatic regulator, i.e.,
err == /a—lwxuu < Ur.nou'

With an increase in distance of short circuit the character of a
change in periodic in ccmponent/term changes: first periodic
component/term somevhat decreases, as carlier, as a result of the
increase of the back induction of the reaction of stator, and then it
begins gradually to increase, passing into the steady value of
current (Pig. 6-22 and curve 3 in Fig. 6-21), which is explained by
an increase in emf of generator as a result of the predominant effect
of automatic field reqgulator. Large is obtained locad voltage of

generator in the steady modes/conditions.

With certain distance of short circuit it proves to be that the
automatic field rejulator restores load voltage of generator in the
steady mode/condiitions before nosminal. Purther increase 'x,, leads to
the fact that load voltage of generator in the steady mode/conditions
is restored to nominal with increasingly a smaller increase in the
excitation of generator. In connection with this with the
considerable distance of short circuit steady currentvl. can prove
to be equal to the ultratramasitory current I" (curve 4 in Pig. 6-21)

sr even exceed it (curve 5).
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Fig. 6-21. Curves of change of the effective values of periodic of

component /term of *he current of short circuiting from
“urbogenerator.
regulator and *epacy=0z
withs, =02 3 - the same, but with spucu=ua

fpace =06t~ 4x 5 -~ the Sale but With sy =!le> /)

Key:

Fiqg.

(.

6-22, Curve of change of smort-circuit current in circuit, which

Se

2 - the same, but with automatic field requlator

feeds from generator with automatic field regulator.

Key:

(n.

N. moie/conditions. (2).

Transient process.

4 - the sanme,

(3’ -

1 - with turbogenerator without automatic field

but with

6 - when "mcv=‘(l"=lm-1°°“

Adjust.
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mode/conditions.
Page 98.
Let us note that condition y_ =U,.=Us (or U, =1) occurs when
Kepace = 1.

During short circuit at distant point (x.,,,=3) it is considered
{see §6-6) that load voltage of generator does not change, and
consequently, automatic field regulator does not come in action and
does not increase the field current of generator. This makes it
possible to accept condition /“=/,6=1l, (straight line 6 in Pigq.

6‘21) .
6-8. Determination of short-circuit currents from calculated curves.

For determining the effective value of periodic of
component/ternm /.« at the moment of time t of the process of short
circuit it is necessary to know euf of the generator for the same
moment of time and inductive reactance of the short-circuited
circuit, then:

E

] o=t
b ¥y ("d' +x,)° (6'63)

vhere E, - calculated emf of generator for the moment/torque of tinme
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t of the process of short circuiting; x, - ultratransitory inductive
reactance of the generator; *w. =~ external inductive reactance of

short circuit.

Determination £, is sufficiently complicated; therefore in
practice designs th2 value of periodic of component/term of
short-circuit current at differeut moments of time determine, using
calculated curves (FPig. 6-23), making it possible to find the
relative values of periodic of component/term of the current of
three-phase short circuit at different moments of time depending on
the calculated resistor/resistance of the circuit:

IQ=[(t: Xepacs

Curves are constructed on the assumption that to short circuit
the generators workad with full load with cos ¢=0.8 and vwith nominal
load voltage. Since the parameters of the generators of different
types subs*antially are distinguished, then calculated curves are
constructed according to the standard parameters of turbogenerators
(Fig. 6-23 and 6-25) and hydraulic generators (Fig. 6-26) of domestic

manufacture,

Are distinguished also calculated curves for generators without
automatic field regqulators (FPig. 6-23), also, with automatic field

regulators (Fig. 6-25 and 6-26) [6-1].
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As the basis of the calculations, connected with the
construction of the calculated curves, is assumed the diagras in Prig.

6-24. To the terminals/grippers (collecting mains) of generator is

connected the bhranch with fixed resistor 2. imitating the nosinal
load of generator (z, =08-+4i06. i.e., z,.=! and cos¢,=08). Short circuit
is taken after different external inductive reactances *m of
emergency branch, which to short circuit ran idle (Fig. 6-24a). Under
the conditions accepted, as this was indicated earlier, short-circuit

current in emergency branch will have great computed value.
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Fig. 6-23. calculated curves for determining periodic coamponent/tera
of the current of three-phase short circuit in the place of damage
with feed from standard turbogenerator without automatic field

requlator.
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After accepting the average parameters of the generator amd
being assigned by different values X, they calculated values £, and
thereupon the value of periodic of component/term of the current of
three-phase short circuit in emergency branch at different moments of
time, In this case it was considered that the current in generator
vas equal to vector sum of currents in emergency branch in the branch
of load (Fig. 6-24b) . According to the obtained results were
constructed calculated curves. Along the axis of abscissas on the
graph/curve of these curves are deposited/postponed the relative
values of the calculated resistor/resistance, equal to-m,“,==£;4-x.w.
referred to the nominal power of generator S ... while along the axis
of ordinates - relative values of the periodic of component/tera in

the emergency bhranch

3)
l(s) —_— lflf

ot lI‘.IOM

vhere
_.._f_!':'ﬁ’.l'.
L. T V3IU,

Thus, calculated curves consider the previous load of the
generator {conditionally referred to the terminals/grippers of
generator), but into value x,,« the load resistance/resistor is not

connected. This simplifies all calculations, since it makes it
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possible completely to exclude fros network and replacement schenme
from which expect the short-circuit current, all loads and to
consider only those network elements, on which flows/occurs/lasts the
short-circuit current. It is at the same time necessary solidly to
memorize, that with the use of calculated curves should be into the
replacement scheme of network introduced the generators coapulsorily

by their inductive reactances ~s for an initial moment of short

circuit.

If the resulting resistor/resistance of short circuit x,, is
calculated in ohms with certain base line voltage U, then with the
use of calculated curves necessary to deteraine the relative
calculated resistor/resistance of short circuait X ..« referred to the

total nominal power of alil genetitors S from which is designed

wom T*
short-circuit current., For this translation can be used forrula
(6-9), represented in the followiny form:

slou! %

= pes
pacy U:

X

But if all resistors/resistances of short circuit wvere expressed
in relative unity at certain arbitrarily selected base line pover
Sy the obtained as a result of the transformation of replacement
scheme value X.,, naust be converted to the total nominal powver of
generators S,u: according to formula (6-23), vhich repeated here for
convenience in further calculations:

sﬂ!
x.m=x.m—-§‘——,
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Let us note that on calculated curves it is possible to

deteramine only short-circuit current in the branch, directly
connected with the place of short circuit. The use of calculated
curves for determining the values of currents in the separate ones,
distant from the place of short circuit, the branches of network/grid
¢ n lead to considerable errors. In this case are utilized other,

more precise calculation methods which here are not set forth.

In the simplest case, similar to that given in Pig. 6-24,
currant in the branch of generator it is possible to deteraine as
follows. For the specific moment of time by calculated curves is
determined current Ila in emergency branch, then they calculate
voltage on the busbars of gemerator (U=V3/,xX,, or Us=/!, %,.) further
according to the law. Ohm define curremt %« in branch loads and
finally current in the branch of generator, as vector sum is such
I, and 1.

The mutual intersection of curves in Fig. 6-25 and 6-26 is

explained by the effect of field regulators, about which it vas said

in §6"7o
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Tenepamay b
“ 1 M;.‘-;;lul 2')
leu=ty | f O‘W
=0
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& =luy 'jn( ing
xg Tou
()]

Fig. 6-~24. Diagram, taken during the construction of calculated

curves. a(normal (preceding) operating mode; b) three-phase short

circuit at point kK (3).

Key: (1). Generator. (2}. Load.

Page 100.

The use of calculated curves is very simple. After determining

s
X, e and knowing S,,. and .= —;‘3‘%— (vith U, that step/stage,

for which is designed the short-circuit current), they find through
curve for the appropriate moment/torque of time ’(.3.:«' and then
19 =151 ;. (6-64)
In particular, on curve for t=90 is determined [, and then by
formula (6-59) impact current i but by curve for t== they deteramine

’i W
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The power of short circuit for the moment/torque of time t can

be determined from the expression
SU=V3UI.

After dividing botn parts of this equation on S@,,==V§U”Lw.h ve
find that'qz==4ao i.e., the relative values of current and power of
short circuit for certain moment of time are numerically equal.
Therefore, aftar findinyg but by calculated cutvolﬁp it is possible
the power of short circuit to determine by the foraula:

=S 66

puring the use of curves in Fig. 6-26 for hydraulic generators
with damper windings it is necaessary calculated resistor/resistance
to increase by 0.07 (along the axis of abscissas to plot/deposit

X.pws #0.07) 5 in this case for t£0.1 s should be used the dotted

curves, and for t>0.1 s - solid.

Calculated curves are applied for calculating the short-circuit
currents to X, ,.,=3 During high resistors/resistances the point of
short circuit is considered distant and short-circuit current is '

defined, as it is stated in §6-5.

It was previously indicated that aperiodic component/tera of

short-circuit current at: :nuates tor the time, which does not exceed
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i
|
!

0.2 s after the beginning of short circuit. Therefore calculated !’
j
curves for time t30.2 s virtually make it possible to determine the |
I

full/total/complete short-circuit current, which flovs into the place

of damage, If nacessary full/total/complete short-circuit curremt for f

e

time t<0.2 s can be dete;nined from formula (6-37), having u
prelininatiiy determined lu by the correspond of calculated curve

and i,, according to formula (6-31).

[P

- e e e ———p - ——— —_— ——n =~
i
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Fiq 6-25. Calculated curves for determining periodic
component/term of the current of tharee-phase short circuit in the
place of damage with feed from standard of turbogenerator with ;

automatic requlator of excitation.
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Key: (1). Calculated resistor/resistance. (2). Periodic
component/term of three-phase current short circuit into places short

circuit (in rel. un.).

. —e e e e ——v—ae

Page 101.

-

Por the selection of switches voltage it is higher than 1000 ¥

according to the disconnecting ability (see Chapter 21) it is usually

necessary to determine the full/total/complete value of short-circuit

current for 0.1 s after the omset of short circuit [L. 3-6)], i.e.,
Lypona == 7:::*“;.::-0|

Calculations they show that with sufficient accuracy it is

possible to accept Lcor==1m,

In conclusion let us point out that for the selection of
electrical equipment of electrical stations, substations and
netwdrks/grids usually are determined the following values of
short-circuit current: I» - for determining i,y checking
electrical equipment to tnermal resistance and selection of the '

switches

i

v = for checking electrical equipment to the electrodynasic
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stability:

1, - for the selection of some types of the automata (see

Chapter 21);
I, - for checking electrical equipment to thermal resistance.

Wher selecting of switches frequently is utilized the value of

the ultratransitery power of short circuiting s*.

The values of short-circuit current for other moments/torques

time (/,,) during design of power eguipment do not usually determine.

Example 6-6, To determine L%, S", : and '« during three-phase
short circuit at points K-1 and K-2 a. the station whose diagram is
given in Fig. 6-27. Necessary tor calculation data are given in the
diagram. At station are establishad/installed the turbogenerators,

equipped with automatic field regulators.

Since are determined below only the currents of three-phase
short circuit, then index (3) for simplification in the recordings is

everywhere omitted.

In this case for basic povwer to it is more convenient accept

(&4}
Sqm Sy y g =3-15=145 Maa u Uy = U, =63 &e.
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Key:s (1) . kV.

Then

Key: (1) . kA.

We lead all resistors/resistances to base line powvwer. Relative

basic resistors/resistances of the generators

," Suont
B=m=Em =g T

45
- 0.|26—|§ = 0,38,
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FPig. 6-26. Calcnlated curves for determining periodic component/ternm
nf the current of three-phase short circuit in the place of damage
vitt feed from the standacd hydraulic generator with automatic field b

ragnlator,
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Key: (1). Por generators with damping windings z.,... must be increased

by 0.07; here for t£0.1 should be used the dotted curves, while for

+>0.1 - solid. (2) s.
Page 102.

Relative basic resistor/resistance of the reactor

U HoM I
o= Xy
p.uos

4,
=0,050_2§ 1.

Replacement scheme is given in Fig. 6-27b. Short circuit at point

K-1. Calculated resistor/resistance of circuit to point K-1
Xy 0,38

Fapaca ks = 4 =—5— =0.126.

We determine I", S" and,
"

With t=0 on calculated curves (Fig. 6-25) we find 1. =8 then:

/
" =11 s =8-41=33 xaa)
8 =1 8,4 1 =8-45 = 360 Mea;

Iy= 1,9V T1"==2,71" = 27.33 = 89 Fa:

Key: (1). kA. (2). MVA.

Initial ultratransitory current can be determined also by

formula (6-58), accepting k=1:
4,1 0)

k
"Op-ch I'”M t “6.125&33 xa.

"=

orns vt ot P Ay e AT = ot e o o g twt oo gy
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(1)« kA.
We detaramine I

With t== through calculated curves we find

L= Ll 1 == 275 4,1 = 11,3 L2,

(1) L] kA.
Short circuit at point K-Z.

Base line conditions remain the same.

0,38
x.w‘ K-?-T+l =z l.l.

When (.0 ;” <090, then:
)
1" = 0,90-4,1 == 3.7 xa;°

8" +20,90:45 = 40 Maa;
4= 1.8)/71"=205523,7=9. xa.

(V). kA (2). MVA,

When fwco/, =102, then:

)
.[“— 1,02:4,l. =~ 4,2 xa.

(1) « kA.

low =2.75, then:

e et e e e e e e e e e —
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Por a comparison let us conduct parallel calculation for point

K-2, expressing all ohmages. network is given in Pig. 6-27c. Base

line voltage Ug=6.3 k¥,

Resistors/resistances of the ygenerators

U} 0,126-6,3* 1)
Xy o Xy um Xy xn s_"m: - 26l56.3 =0,33 g‘- .

by Key: (1). ohn.

the resistor/resistance of the reactor

% U
o7 buow
R=Ti00 Y3, -

b.wow

.5 6.3 _ ‘9\
100" Yo,z 0o om

by Key: (1). ohnm.

Resulting resistor/resistance of short circuit

0,33 v
"..K.)- ‘23‘"'*'0.9'-[ oM.

Key: (1) . ohm.

The relative calculated resistor/resistance

Son 1%pes X-2
%opace K-2™ ‘—_—U= .

45.1
-Wal.l.
i.e., the same value, as with the expression of resistors/resistances

in rela‘ive unity. Consequently, and the values of short-circuit
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current will be the same as determined above. Let us siaply note that
in this case the ultratraasitory current can be also determined by

formula (6-55) with k=1:

Uep 6,3 )
” =
T Vitaxe V31 =3.6 xa.

Key: (1) . KkA.

Prom the comparison of the values of the short-circuit currents,

which flowv into points K-1 and K-2, the evidently considerable effect

of reactor on the amount of current and power of short circuit.
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qu. 102.

At poiat K-2 /,>/, which is explaimsed by the effect of the
automatic field regulators of gemerators. In spite of this, the
electrodynanic effect of curreat vill be mevertheless more with
iapact current, since the latter is more than the amplitude of the

steady curreat (,>V 2l

Bxaaple 6-7. Yo deteraine I®, S*, /!, and /» during three-phase
short circuit at point K on the hydroelectric power plant whose
diagras is given in Pig. 6-28. At station are established/installed
the hydraulic generators with damping windings, the equipped with
aatosatic field regulators. Triple-wound transformers have impedance
voltages: u, g c= 17003 u,5_,=105%; u ., =Gy Remaining data are given

in the diagrans of station.
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bb of)

rig. 6-27. Network amd replaceseat scheme for example of 6-6.

Key: (9. k¥. (2). ava,
Page 103,
Replacenment scheme is givea in Pig. 6-28b.

%e accept base line power 5,--100 AYA and ve lead the relative

resistors/resistances of diagras to base power.

Resistors/resistances of the generators
X o= Xy = x, =02 —'5?' -=()36.

Resistor/resistance of the double wound transformer

100
2, = 0,105 5= 0.18.
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Accordiag to formulas (6-14) we detersine winding impedances of

the triple-wound tranaformers:
Sop ™ hen (17 4 10,5 — 6) a0, 11;
x.c.=(-l%.g(|7 -6 —10,5) = 0,06;

x,u-%(lo.s +6— i7)=0,
Then
By Xy w0 £y = 2y == 0,11 g =0,18;

x,-x..-o.os%%"-o.l.

VYoltage at poiats A and B is equal, which makes it possible to
coanect thes. Then replacemeat scheme takes the foram, given in Figq.
6-28c. Resistors/resistances ; and s are comnected in series, but
2q and x4, and also x, and x4 - in parallel, If we connect the
aeutrals of generators G-2 and G-3, then also resistors/resistances
Xp and x, they also prove to be comnected in parallel. Then we

obtain:
Xy =X, X, == 0,36 4-0,18 = 0.54;
XoXy 0.18 _
Xy + X, =7
XXy 0.36 -
%y + x4 2 0.18;

L 009; , -

™

XyX1p

0,1
Xy 4 Xy 2 0.05.

Xy ™

After the connection of the neutrals of generators wve determine

the resultiang resistor/resistance of the circuit:

Xy + X,4) x,
%0 pes = ;"'."__x“‘i‘;%‘i-x“ -

(0,54 4-0,09) 0,18
0.5 30,091 0,18 T0.05=0,19.

Ve deteraine calculated resistor/resistance with Sww:=3-85=16
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BVA:
%o pace =0.19 [g =031,

Siace hydraulic generators have damper windings, then with the
use of curves in Pig. 6-16 ve plots/deposit along the axis of
abscissas the resistor/resistaace, equal to

%o poas +0:07 = 0,31 - 0,07 = 0,38,

Por determimation /' we use on the same reason for the broken

line curve for t=0, on which we fiad ;’ =3.45 thea:

7] (’)
-], lw',—3.45-2.6a9 xa,
Key: (%) . kA.

vhere
165 )

| - ;-W-z.ﬁ xa;

fy=18VZ/" =2,55.9223 x@;
@
S w00 Sy == 3.45.166 =570 Mea.

Koy: (Y. kd. (2). HVA,

Initial ultratransitory curreant can be determined also by

foraula (6-58). On Table 6-1 whem %, ~0,3 we find k~~1,07. Then:

. “)
Jo - IM‘ -&?[,,'-&“'ua’ [ {3

l.m

Key: ‘1' e Kki.

i.0., the same value, as fouad froa calculated curves.
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PAGE V4

MR (o s w203 88 [o=luour =28 X 2,6~=7.4 KA.

6-9. Calculation of short-circuit currents taking into account

di ffereat distance of power supplies from the place of short circuit.

Above was examined the calculation of short-circuit currents
accordiag to the total calculatid resistor/resistance of circuit,
i.e., without the account to different distamce of power suprlies
fros the place of short, and consequently, on the assumption that

generated by thea periodic comspoment/ters of current change equally.




Prig. 6-18, Netvork and egquivaleat circuit for example 6-7.

Key: (%). k¥. (2). MVA,

Page 108,

Hovever, in some diagrams power supplies can have such different
distances from the place of damage, that the calculation of
short-circuit curreats for the iatersediate moments of time, and
especially for the steady mode/coaditions of short circuit according
to general/coamon/total calculated resistor/resistance can lead to
very siganificant errors, since with different distance of sources

generated by thes periodic coapoment/ters change differently (seec

rig. 6-21).
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The varied coanditions of changing periodic compomnent/term of
short-circuit curreat occur, also, vith the feed of the place of
short circuit froa stations with turbogenerators and hydraulic
generators., Is feasible the case of the feed cof the place of short
circuit sisultaneously froa statioa for final pover and the system of

the unlinited power.

The simplest case of the feed of the place of short circuit fronm
tvo sowces, having different distance, is given in Pig. 6-29a. Here
each source is directly connected with the place of short; therefore
the curreat of three-phase short circuit can be determined separately
fros each source, The current, which flows into the place of short
circuit, is equal to the sum of short-circuit currents from sources,
Ia this case one should reseaber that during the computation of
short-circuit currents on calculated curves it is separate from
sources necessary prelisinarily for each of them to determine
relative calculated resistor/resistance at the total noaminal power of
the generators of the correspoading source. So, if the
resistors/resistances of the rays/beams of diagras x,; and x, (Fig.
6-2%) are detsrained in ohas with certain Us then the calculated

resistors/resistances of these rays/beanss:

suma n*
—_

) pacal — U:

bt
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Son 1252
X, = (6-66.4),
pace 2 Uzo

But if x, about x, are determined in relative unity with certain

S,y thea the calculated resistors/resistances of the rays/beans:

S
%o pace 1 =X, m:; L
6
and
S oM £2 .
e pacaz = %, _—“s: . (6-66,)

Somevhat sore cosplicated than the case shown in Fig. 6-29b,
vhere the short-circuit curreats froa both sources flow/occur/last
through total resistance of x3, iz conseguence of which nevs the
calculation of currents directly from each source individually is
already camnot. However, if we by converting this diagram lead it to
diagras to radiation, sisilar diagram in Pig. 6-29a, then this
already will sake it possible to conduct the calculation of
short-circuit currents froa each source individually, taking into
account different change of periodic of component/term of current.
tThe coaversion of the actual diagram indicated into radiation is
possible with the observance of the following conditions: 1)

short-circeit curreats, which flow into the point of short and
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generated by separate sources, they must remain constant/invariable
and 2) the total resistance of radiation diagram must be equal to the
total resistance of actual circuit. Order of calculation is the

following:

1. Comnect substitutions fer the given point of short circuit
and by gradual conversion they reduce it to the form, shown in Fig.
6-29b, vhere resistors/resistances x;, xp and xy of three rays/beans
can be asxpressed either in ohas with certain base line voltage U, or

ia relative unity at certain base line power S.

2. Is deternmined resultimg resistor/resistance of diagram:

__ %X
Xper =T m Tr

3. They take the relative value of the periodic coaponent/tern
of current in the place of short circuiting for umity (/;,=1) and find

distribuotion coefficients, i.e., fractiom/portion participation in

the short-circuit cerreant of each of the sources.
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rig. 6-29, Diagrass to the calculatioan of short-circuit currents
taking into account different distance of sources fros the place of

short circult.
“’: “’ -  Source.
Page 105.

Oon the basis of Kirchhoff®s lav it is possible to write:

"

” ” " l.
I'l-f—l.z:-‘l,,\-:‘—'l "_li‘:%' ﬁ

Solving together these two equations, find distribution

coefficients C for each source:

. Cl=l:'l;:_- X - l

xn+x !

" x (6-67)
Co=lo=575
or othervise: )
C, =‘::' ’
iy (6-68)
3 —';'—' '
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X1 Xy

vhere X,=;— "~ - geaeral/commoas/total (equivalent)

resistor/resistance of rays/bsams from separate sources (rays/beanms 1
and 2 diagraas in Pig. 6-29b). Pormulas (6-68) are convenient for

deteraiaing the distribution coefficients several power supplies.

The correctness of computations is checked according to the
condition:
CI+C3= l-
8, Is converted actmal circuit (Pig. 6-29b) into radiation (Figqg.
6~29%c) with observance of coaditions presented above which are

expressed by following equatioas:

x| xg
=X
PATS e

i _ l:; C,

P

vhers x, amd x, - conditiomal resistors/resistances, which connect

sources directly with place of short circuit.

Valses x. . C, and C, are kaown, therefore, solving together

latter/last two equations, ve find:

’ , (') 4
X =W K= ’:_.":' . (6-69)

Key: (. anmd,
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The resistors/resistances of rays/beams X, amd x, can be

deterained by replacing the diagraa of star by the diagraa of

equivalent triangle (Pig. 6-1%) . Utilizing formulas (6-25), it is

possible to write:
x'|=x|+xa+x_;:"' H

(6-70)
x; =X,+ xa+!'7‘:'- '

(resistor/resistance x, of eguivalent triangle which proves to be
connected between sources 1 and 2, further they do not consider,
since it does not affect the strength of current, which flows into
the place of short circuit).

The use of foraulas (6-70) is more convenient vith
isolation/liberation in the replacesent scheme of two power supplies
vith different distance from the place of short circait, With the
isolation/liberation of a larger ausber of sources to nmore
conveniently determine distribution coefficients according to
formulas (6-68) and then resistors/resistances of rays/beans

according to formulas (6-69).

By the obtained values of eguivalent resistance X, and x, of
radiatioa diagras (Pig. 6~-29¢) are deternined relative calculated
tesistors/resistances x.,,.. amd *.m2 circuits from each source at
the total mominal pover of its generators, Por this they use formulas

(6-66a) or (6-66b) depending om that, are detersined x: and x; in .
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chmns or relative unity.
Pucther is detersined short-circuit current from each source
individually. The sum of these currents gives the value of the

current, vhich flowvs into the place of damage.

To resort to the calculation of current of short circuiting
takiag into accouat different change in periodic in component/term as
considerably complicatiag coaputational work, follows only if this
gives the essential refipeaeat of the value of short-circuit current.
It is obvious that great refimement of calculation this method gives
during the coaputation of the steady short-circuit current of the
flowving into place damage. Use Of this method of the calculation of
short~circuit current for the short times t gives refinement, as a

rule, umesseatial for purposes of practice.

It is obvious that it does maot make sense to apply this method
of calculation during the determination of the initial values of
short-circeit carreat /’ and i,. Bxception/elimination can be only
the case, wvhen it is necessary during the determination of impact
curreat i, to consider the different attenuation of aperiodic of
component/tera (differeat valwes of impact cocfficiertk,) from Power

sepplies of (sec +he Aefinition k, for point Y. Y a example (o-no,)
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One ought not to also apply the considered method of calculation
dering the deteraination of short-circuit current the reactors and on
the side of the secondary voltage of the substations of small and
average/sean pover, but fregquently even powerful/thick substations,
since their resistor/resistance asually considerably exceeds the
resistor/resistance of all other netwvork elements of short circuit,
shich stroagly smooths differeamce in distance from the place of the

short circuit of pover supplies.

It goes vithout saying, should be separated/liberated the
sources, connected directly to the place of short circuit, and also
the electrical systeas of the ualisited power, since periodic
component/ters from the latter is constant/invariable. Is expedient
isolation/liberation into the separate groups of thermal power plants
and hydroelectric power plants. One type stations with a
cosparatively ssall differemce ia distance from the place of stort

circuit it is expedient to unite iato one group.

Exasple 6-8. To detersime /°./, and ;, during three-phase short
circuit at three points, indicated ia the diagram of rig. 6-30a,
vhere are given all necessary for calculation data. In system and on

district power plant are established/installed the turbogenerators
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with autosatic field regulators,

Full/total/coaplete replacesent scheme for all calculaticn

points is given in Pig. 6-30b.
Resistors/resistances let us express in relative units.

e acoept 5 ..10 AVA; vwe lead to it all relative
resistors/resistances, as this repeatedly vas done in the previous

exanples, and we inscribe thes iam the diagras of substitution.
Short circuit at point k-1,

Resulting resistor/resistaace of circuit froa the systen
"m .=x“—x, +%‘+%-

0,067+ 257 4298 < 0,22

Resulting resistor/resistance of circuit froam local exchange

Eyt Xy, &
T Lt e

0.22 4-0,17 ,
- -: 5+0 ;2! =3 0,26.

Por both branches it is possible to accept i, =18 therefore the
initial valwes of short-circuit current we deteraine by the total

resistasce:

-——F0E o'”‘o'%—.— 0,12
Kopas K-t xyg + Xy 0.2 fu.2 B
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Hediem voltage of the steps/stage of short circuit U,=Us=15 ky;

therefore

Jo= Vg’ns =05 Q.

Key: (V). kA,

Ultratraasitory curreant is determined from formula (6-58), after

acceptiag k=1:

j 0.5
' I‘K'-l- L 4.2 A(’,d).

Lopes K-t 0,1

Rey: (V). ki,
Iapact short-circuit curreat
n
,,M_l.a y'z”l;f_,-z.ss.i.zzll Xa.
Key: (V). kA.
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Tec =00 120 M8a é/

15 Méa
Uy=l05 %

Qu7 g

12
a2

6 1

75 0,173 (@) no-s0-Mbm

2 i NP pSiT g =189
as” ¥3] o

rig. 6-30, Betwvork and replacemeant scheme for example of 6-8.

Key

(Y. Systea. (2). kV. (3). HVA. (8). Q/km. (5). 50 MW each.

Page 107,

The steady short-circuit curremt, vhich flows into point K-1, we

detersine ssparately froa systes and station.

Calculated resistor/resistance of systea with S. .= 750 MVA:

750
=0,22 50 = 1.6

X‘. pace.c

Oon curves in Plg. 6-25 with t== we find

Io o= 0'68
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Since

150 a)
L e mesmand &3 1]
lewu™"y3015 A xa

that

t

I, .=0,68.3,8=<2,6 xoa
Xey: (1. KA.

Calculated resistorsresistance of station with éc,,..o-".z
50/0.8%=117.6 BVA:

11
%o pace.cr 0,2 ‘%% 0.3,

On calcalated curves ; Since

0 =2,3,

17,6 o)
le‘r.non="—/‘§—.—“_5‘-°.6 Ka,

that

Iy ==2.3.0,6=1.4 9

Key: (%) . kA.

Total value of the steady short-circuit current:

IwK-l-lcoc+Imcr=2'6+l"“4 g)

Por a comparison let us detersmine the steady current by

general/comson/total calculated resistor/resistance.

The total power of all geaerators

Suour = 750 4 17,6 = 867.6 sk
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fey: (1). _8VA,
867,6
"pacl K,,—O. lz—lm— =:1.

calculated resistorsresistance

Oz decay curves /. .;;; then:

Joo xg==115-4,4 =5 ¥a!
vhere

867,6 ,
byou = Y3115 =44 Q

Key: (%) . ka.

The error for calculation according to total resistance

conprises 5:7"_‘.100-25-/.. i.0., it is very significant.
Short circuit at point k-2,

Utilizing results of the preceding/previous calculation, we
coapose for poliat K-2 the simplified replacement scheme, given in

Pig. 6-30c, where

e Tt 0 0045
Xy == = 0,022,

Besulting resistor/resistaace:
Fopes K2 Fopey ko F ¥4 =V, 12 40,022 50,14,

We deternine the initial values of short-circuit current with
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Ugy=115 K¥3
'+ < 0.5 ¢)
f &) 0, "“ x36 L { ]
and
lxe=18YT36x92 8

Key: (1 . kA.

The steady current is determined in a presented above manner,

wvhich coasiders differeat distamce of power supplies from point K-2.

Distribution coefficieants according to formulas (6-68):

x,, 0,12

Cn-x=m%0.55'.

Cya= 1 —0,55 == 0,45,

Calculated resistors/resistaances of the rays/beams of system ani

station according to formulas (6-69) and (6~66Db):

SpeSeaon O TS0
Xepacn.c = C,S, =058 100"
0,14 117,6

%o pacucr 0,45 * 700 =0+ %6-

Current froa the systen

log==0.56 u I, =0,56.3,8~2,1 ka.

Key: (%) . kA,

lo=216 w1y, . =216.06m13{)

Current fros Key

logs=21 +13 =34 £

station: (7). kA,
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Total value of the steady short-circuit current:

Key: (). kKA.

Por a comparison let us determine the steady current by the

general/comaon/total calculated resistor/resistance:
86,6
.r.”“ K,,"O. 14 Wﬁ l,2l;
Lig=0.92 8 I 409244524 Ko,

Key: (V). kA,

Error

4—3,4
3.4 100 == 18,2¢4. 1

Short circuit at point k-3,

Replacenent scheme is givem in Pig. 6-29c, where

X 0,70
Xie -—21"""2—‘-0-353

then

Tepes K3 ™ Xopes ko7 + X190 = 0,14 40,35 0,49

Initial values of shortecircuit current with Up=63 kV and

=92 KA:

[ 100
¢ Y363
9,2 )

"K'J—-ﬁ'—‘—q§|8.7 ‘C

and
Q
Iyke=18V 748,74 xa,

Key: (1) . kA,
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Page 108.

The steady current is deterained taking into account different

attenuation of periodic cf compoment/ters frcom power supplies.

Distribution coefficients remain the same as in the case of

short circuit at point k-2, then
0,49 750
x'p.ncuc=(),5§ ' .Ii)(j-;s'?;

49 17,6
3

Xopacy et = T 1,3

Periodic coaponents/ters of short-circuit current from systenm

does not change (i cac> 5k therefore

lC.uO\l

69 o o
IWC:XOpacq.c =%,7~ 10,3 xa. K "

vhere

750 i
Ic'm”=7ﬁ—5- =069 xa: ki,

Curreat froa the station:

lom=o-8’h

n7.6 B
lrwon=V356.3 = 1 xa: K/

I oy =0.84-11229,3 ka. kF.

Total value of the steady current;

Iy xs=1034+9,3=19,6 ks, £ I,

Calculation according to the general/comeon/total calculated
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resistor/resistance
Fapace k9™ 0,49 8%63-4%
The poiat of short circuit is distant (“=/,=Iy)} therefore
g xs=llg=18,7 xa. K/i.
The error for calculatiomn according to total resistance composas
in all (19.6-18.7719.6)100=4.60/0, 1.0., in this case one ought not
to have complicated calculation by the account of different change in

periodic in component/tera of short-circuit current fros sources.

6-10. Calculation of short-circuit currents taking into account

electrical systen.

for the calculation of short-circuit currents on the power
plants, which vork in parallel with electrical systeas, and also on
substations it is necessary to have available the data, which

characterize systes.

If are known schesatic of systes and all necessary for the
calcalation of short-circuit currents paraseters of generators,
transformers and transamission lines then short-circuit current from

systes is designed, as it is stated earlier.

Is considerably sispler the calculation of short-circuit

currents when are known the total nominal power of generators systanms
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Scwou and the total resistance-of all elements of its network x,  to
certaia point of the network of the system to which is connected the
projected/designed station or substation., The resistor/resistance of
systea can be expressed in ohas vwith certain base line voltage U, or
in relative unity. The latter is normally assigned by that referred
to the noasinal pover of systes. In these all cases the short-circuit
cerreats design from rules presented earlier, acceptiag systenm as
certain equivalent generator of assigned total power S ...

possessing assigned total resistance X. (see above example 6-8).

Can be also assigned the noainal pover of system and the
ultratransitory powver of short circuit froa systems during short
circuit at the fixed point of netwvork. In this case it is not
difficult to determine the resistor/resistance of system to the given

point of short circuit.

The resistor/resistance of systes in ohms can be determined by
formala (6-56), after assuaing in it k=1:
Ul
xc==-§}. (6-71)
vhere U, - sedium voltage of that step/stage where is accepted the
point of short circuit, for which is assigned the powver of short

circuit fros systes S*°,

The resistor/resistance of system in relative unity, in
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reference to its nominal powver (calculated resistor/resistance of

systea), can be deteramined by formula (6-59), after assuming in it

Se=S.,. and k=1:

S
X o= °$:,'°" . (6-72)

Calculatior they further coaduct as usually.

In very powerful/thick system, especially if it can considerably
be developed, frequently with the calculation of short-circuit
currents at stations and substations it is possible to accept tha+«
the power of system umliamitedly lacge (S .= and x . =0), and to
coasider only the resistor/resistance of those elements/cells of
netvork (transaission limes of the transformer), through which the

station or substation is connected to systesn.
Page 109,

Finally, is feasible the case, vhen system is characterized only
by the that type of the switch which can be established/installed on
that imstallation of the systes to which they connect this station or
suobstatioa. Let us examipe for an example Jdiagram in Pig. 6-31. The
paraneters of all elemeatascells of station and its
connection/cosmunication vith the busbars of district substation are
known, Is assigned the type of the switch ¥, which can be
established/installed on the wastes/exiting line of district
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sebstation. On reference data or catalog to the switches (see Yable
P-18) finrd power cutoffssdiscoamectioas S, of assigned type switch

(vith the assigned voltage;: for greater detail, see chapter 17).

It is obvious that the svitch V can be established/installed on
substation oaly in such a case, when the ultratransitory power of
short circuit at point K-1 does not exceed the power of the
cutoff/disconnection of gwitch, i.e., if is observed condition

o

SK-I < Sorx‘

After detersining the pover of short from statiom ?qu and
after accepting S, =3S,,. is determined by the greatest possible
pover of short circuit froa the systea:

Sexs =Son — Sk

Then is deternined the resistor/resistance of systeam to point
K-1 by formula (6~71) or (6-72) depending on whether are expressed
ohmsages or relative unity. In the case of calculation in question
accept SL;,==0£ therefore the relative resistor/resistance of
systea according to foraula (6~72) is determined at certain base line
pover (substituting in this forswla S, for S__ )

Purther, are designed short-circuit currents on the assumption

that periodic componentsteras of current from systea in time dces not

change.
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In the case of comnectioa to the system of substation the
resistor/resistance of systea by the known type of switch is
deterained analogously, egqualizing the power of the
cutoff/disconnection of the switch of the power of short circuit fronm

systen. .

Example 6-9. To deteraine I%°, S*' and /., during three-phase
short circuit at point K-2 ia the diagras of Pig. 6~31a, where are
given all necessary for calculation data. At station are
established/installed the turbogenerators with automatic field

regulators.

The power of the cutoff/disconnection of switch V with voltage

110 kV is
Sy =400 HVA.
Let us assume that periodic component/ters of short-circuit
curreat froa systez in tise does aot change, i.e., that point k-1 for

the geaerators of systea is distant.

Je carry out calculation, expressing ohmages, For base line
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voltage wve accept the medium voltage of the step/stage of the short

circuit
UgmUg, =115 KV,

§e compute the resistors/resistances of all netvork elements in
ohas with the base line voltage accepted and inscribe them in the

diagram of the substitution:

x.‘Uz
x,=x,—x.——§r———-
0.117-115%.0,9
~onrisos L p

“u% UG
Xy = Xy = Xg = 100 3

-
T.HOM

105 st
=700 " 120 —11.6 ‘g‘v‘-

X=X, =40.04 =16 ou

Key: (7). ohn.

e deternmine the ultratraasitory pover of short circuit fronm

station at point K-1:

1 11
L*-g—‘—s'l'-f =16,5 o\).

11852 N
Stk =55 =800 Mea,

XF,

7

Key: (Y. ohm. (2). HVA. )
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Cucgbznn 9
1
1158
) $0xm
) 0% aM/nlJn?3

8
K-1 7 8
N2

¢ S
IZD?? [ IZlga&z IZDA@::

up=l0 5% up=10,5%| ux=10,5%

!
552’\' 3(~

no 100 Mém
cosp=09; xyq=017

a)

Plg. 6-31. metwork and replacement scheme for example of 6-9.

K.’: ‘1’. SYDtOI. (2). kvV. ‘3’0 9/3!- (u’. NVA. ‘5,. on 100 ™MW,

Page 110,

e deteraine the resistor/resistance of systen.

Baxisus possible power of short circuit from the systen

Sc k. == 4000 —800 = 3200 HVUA
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then according to foraula (6~71)

Us 115 ;
X =z Xy == Sl BN “Tm-tl ehn. ’

Short circuit at point k-2,

Se detarnine the resultiag cesistor/resistance of short circuit: |

16 N
xpe:.c=4'l +'§‘°12,l L .

14411, ‘

_.12,1.8,53 Q
Xpes K-2 |2.|+8T§3'§5 on.

Fpescr

Key: (1). oha.
Then
I;{_,-%-—B.? kA 1

Sgs=y3115.13,2=2530 NVA.

Ve will determine the steady short-circuit caurrent, flowing into

point K-2. Accordiag to coamditioam accept that periodic component/terr ]

of short-circuit current froa systes in tise does not change;
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therefore

, s
l~e=le'—'/§.12.| %5.5 k...‘

Proa the generators of station by that being steady the current

at point -2 mest be deterained by calculated curves in Fig. 6.25.

Calculated resistor/resistance froa the genmerators of station to

point k-2
Syou 15pen.ce 333-8.53
Xepace.cr™ U: =5 =021,
vhere
3.100
Swmt= gy 33 HVA,

Oon calculated curve for t=e ye find
l.?,—2.55 ['TY
then
l,"-‘2.55-|.1e4.3 kA

vhere
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333
3.

| - ,-—7——“? =17 Ehe .

Is final
Igga=lwet e =55+43=98KkAs

Bxasple 6-10. To determime I®*®, i, amd /, during three-phase
short circuit at point K in the diagram of Fig. 6.32a where are given
all data, necessary for calculation. At both stations are
establishedsinstalled the turbogenerators with automatic field

regulators.

Replacenent scheme is givem in Pig. 6-32b, We will take
S¢=100 AVYA, we bring to it entire relative resistances and we

inscribe thea on the equivaleant circuit.

¥e coavert the triaagle of resistors/resistances x,,, x,;, and
Xgp into the equivalent star of resistors/resistances x,3, x,, and
2y s, Utilizing foraulas (6-24), and after simple conversions we

obtain the siamplified replacemeat scheme, given in Pig. 6.32c.

Te deteraine the initial values of short-circuit current. Short
circuit is assumed on the busbars of the generator voltage of power
plaat S?-2: therefore during deteraimation 4” we sh?dld accent for

the branch of generators of station ST~z k=19, and

e nacnting . . i, - ™~ M
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of systes S and station ST-1 &, =!8

¥e accept

Ugm=U,, = 10.5 KkV
then

-0 _ ka
I Y3108 5.5 .

From station SY-1 and systea S:

0,127.0,097 )
xop.- o.|, + 0,007 +0,197=0,25; : 3

" 5.5
'c.e-hl-o_,2'5'-22 k.
Prom the generators of station ST-2:

0,422
Zones = Srom T3 = Wl
» 5.5
'er’-nl—l -26... )
Total values of the initial currents, which flov into pcint K:

I"=4+26=48kA,
I, =1.8YT2241.9YT26m126 kA-




)
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Je deteraine the steady current from the generators of s*tation

sT-2:
25 t+)
Suou ™= 2-0—3 =62,5 Mea;
62,8 N
lm t-'i7?. 10.5 -30“ }.;

62,5
x,m‘_m"o,?l i 160" =0,132,

l.,: (1'0 RVA, (2’- Xd.

On calculated curves in Pig. 6-25 with t== we find

ooy == 2,75,
then

T cpn ™2.75-3,44:9,5 Kk,

a CP-

We determime by that beimg steady current from system S and ST-1
station taking into accomt different changes in periodic in

compoaent/tera of short-circuit current.

Page 11%,

#e pass to radiation diagras (rig. 6-324), after using formulas
(6-70) :
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Xyex
Xepea.c = F1e + x4 +";.—'"’='0- 127 4

0,127.0,197
+0,197 +—ggo7—— =0.68; ’

X12X4s

Xopes. enl = X1z + %1y +T=0-097 +
0,057.0,197
+0,197 +T§7——= 0,44,

The steady current fros systes S. Since the powver of system is
unlismitedly large, them periodic comsponent/term of current from it
does not change and can be detersimed according to foraula (6~29):

I 5.6
=m=8, 1 KAe

Xepes.c

Steady curreat froa statioa ST-1:

100 N\
Swout =255=222 Mea;

222 N
o s =g =122 M
222
Fepacu.cr-l =0.44 00~ U,98,
Key: (1). BYA. (2). kA,
Om calculated curves vith tse we find
loo-lo'a.

then

lgery =1,18-12,2 =144  Kho
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Total value of the steady current, vhich flows into point K,

Io=9.5+81414,4=32 KA.

It is interesting to note that the steady short-circuit current,
vhich flowvs into point K froa system S and
€T (g et lapert =81 + 144 =225 [(P) in practice does not
differ from ultratransitory current from these sources (ccy =22
kA) . Therefore, it is clear that in the cases, similar to *hat
exanmined, one ought not to complicate calculations by the
isolation/liberation of branches from the sources, considerably
renoved from the place of short circuit, as about this it was

indicated in §6-9,

Ezample 6-11. To determime ./"i,s* amd /, during three-phase
short circuit at points K-2 amd k-3 in the diagram of Pig. 6-33,
vhere are given all necessary data. System consists of a serias/row
of the hydroelectric powver plaats, on which are established/installeid
the hydraulic generators with damper windings, the equipped with

antomatic field regulators.

Ve accept

S¢ = Sw.—500 M\Jﬁ
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e

R

Mg.

Key: (1). Systes.

Page 112,

t Ehe calculated resistor/resistance of system ve determine fronm

foraula (6-72):

) ) q 120 msal®
Cucmema  15xB «const "SKy u, =10,5X% J(‘(B
1 25K M ] SOK M nolo0Mla,
AR cosp=09 er
T'oq =07

6-32, Netvork and replacement schese for example of 6-10.

Fie = Sepucs it = G = T = 08,

e comnect of substitution and ve lead all resistors/resistances

2 25 M8m 0,60
cosp=08; 2,4=0,132
0,4
c1-2
a R I24]
vwd

(2). kVa (3). MVA. (4). On 100 NVA.

S 500

C.HOM
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to base line pover. ]

Short circuit at point K-2,

-0.5+-—-—| '_;6 -1,23

Xepace K-2

On calculated curves on Fig. 6-26 ve find the relative values of
carrents when S ko +007 =124 0,07..1.3 (since hydraulic generators

they are equipped vwith damper windings):

1! <=0,8 and I, =097

With Uy=37 KV and

-5 kA
lm: yi-.37 ~7,8

wve find:
17:=0,83.7,8 26,5 xa;\\)

iy =18 VZ.65=17 xa;(\)
-

5" «= 0,83.500 = 415 Mea;¥

Ly =0.97.7,8=7,6 xa.0

Key: (1. ki. (2). AVA.

Short circuit at pcint K-3,

3.76
“’lﬂ. K_,-l.23+—-2—- = 3.'.

L -
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Siance the poiat of short circuait distant, then with
U°—Ucp=6.3 t'

and

500 g
) - ;-m--ﬁﬂ xa; 0)

45,7 )

"=l =g = 14,7 xa;(’/
— \
ly= 1.8Y2.14,7x38 xa;Q/_

2\
s_-g?—?a 160 Med”
Key: (1) . ki. (2). NVA,

6~11. Detersination of shortecircuit current taking into account

injection from asynchronous electric motors.

Let us examine the effect of asynchronous ele-~tric motors on the
valee of the short-circuit current, using diagram in Pig. 6-34, where
is shown electric motor D, coamnected to certain point A of electric

systen.

Por an initial moment of short circuit generator and electric
asotor we iatroduce into diagraa by their by ultratransitory cf enmf

B*° aad . and sltratransitory resistors/resistances x; and x..
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Iz the normal operation of eaf of electric motor the somewhat
less coaduacted/supplied to it voltage; therefore electric motor
obtains feed from netwvork. Duriamg short circuit the

conducted/supplied to electric motor voltage is reduced and car prove

to be abeve or belov eaf of eagise.
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Pig. 6-33, Network and replacemeat schese for example of 6-11.

Key: (V). AVA. (2). kV. (3). Q/ka.

rig. 6-34. Diagrams takiag imto coasideratiom of injection of

of short circuit from asyachronous electric motors.

Page 113,
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If during short circuit, for example at point K-1 (FPig. &-34a) i+
proves to be that U,>E,, thea electric motor will continue to work
with the lowered/reduced rotatiomal speed (since U,<<U, .-
coasuaing curreat from network. But if it proves to be that U, <E],
then electric motor will generate current into the place of da;;gél
k-1, as showa by broken rifleman/pointers /., im Pig. 6-34a. In this

case the electric aotor rapidly brakes amd the sent by it current

into the place of damage greatly rapidly decreases.

During short circuit the eagine proves to be connected to the
place of the short circuit through certain external resisting x,, »
vhich 1imits the strength of curreat /,. Therefore, if resisting x,,
is great, then the effect of electric motors on short-circuit current
at point K-1 is so insignificantly that it it is possible not to

consider.

Incoaparably larger effect on the value of ultratransitory
short-circuit current in the place of dasage have the asynchronous
electric motors, connected near the place of damage as for a point
K~2 ia the diagram of Pig. 6-380 (case X, .,=0. i.e. short circuit on

the ocutputs of enginme).
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The ultratransitory curreat of three-phase short circuit from
asynchronous electric motors with short on their conclusion/outpu+

canh be deterained by the forsula:

r=0 (6-73)
a

]
X A-40M

wvhere E., - enf of electric motors at the initial moment of the short

circuite;

x; - resisting of electric motors at the same moament of the

tise;

Livow = the rated current of engines,

If is known the startiag current of engine, then
. !

-_— 1]
a 1. nycx

X

vhers
I

, : nycK
*nyck lg.uou .

On the average it is possible to accept £, =09 and x,=02

A

then

r=31 (6-74)

Anou — 4'511.4»: .

Total value of ultratramsitory current in the place of the
danage
el 41 (6-75)

Aperiodic componentstera of circuital current of as,nchronous
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electric msotors attenuates so rapidly that during the determination
of its impact current they do not consider. Therefore the
full/total/coaplete value of impact curreat in the place of damage

vill coaprise

=k V2 +V2I, (6-76)
During the determination of the effective value of full current
during first period /, amd all values of short-circuit current into
another point in time the injection of the place of short from

induction motors considered should not be.

Thus, during computation 1I°* and i, should be considered only

the large/coarse electric aotors, directly conmected near the place

of damage. In this case the effect of asynchronous electric motors on
the values of short-circuit current indicated especially manifests
itself with the large electrical distance of the place of short
circuit fros fundamental supplies of power (at the high value of
resisting x,, ia Pig. 6-34), for example, during determination of 1°*
and ¢, at the secomdary voltage of large/coarse industrial

substatioas, in the network 3-6 k¥ of its own needs of power rplants,

etc.

To large power motors should be related the engines vith a power
of 1000 k¥A and wmore. If to ome point are connected several engines

of saaller power, but iz sua they coaprise not less than 1000 kva,
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then thes should be considered as ome engine whose pover is equal to

the total power of these eagines.

6-12. Asysaetric short circuits.

Geaeral consideraticns of the calculation method. During
asysaetric short circuits the currents in phases have different value
at different angles of displacement betwveen theam. Are asymmetric the

created by them voltage drops ia phases.

Page 114,

Pundamsental means of asymmetric short circuits are two-phase and
single-phase short circuits, and also two-phase short circuit to the
earth, i.e., closing/shortiag betveen two phases with the
sinultaneows closing/shorting of the same point to the earth.
Siangle-phase short circuits aad two-phase short circuits to the earth
are possible only in networks with the neutrals, grounded dead or
through comparatively low iaductive reactances (reactors), i.e.,
virtually ia networks by voltage 110 kV it is above (see §5-3):
single-phase short circuits are possible also in four-wire networks

by voltage 380/220 and 220/327 ¥ (betveen the phase and neutral

condactors; see §3-1),
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Curreats and voltages of asysaetric short circuits most simply
are detersined with the aid of the method of symmetrical compcnents
vhose essence consists in the fact that any asymmetric three-phase
systea of values (curreats, voltages, magnetic fluxes, etc.) car be
waasbiguously decomposed on three balanced systeas of values, which
are characterized by one from asother by value and by sequence
(order) of alternacting the phases. These syametrical components of
value system are called of straight line (positive), reverse

(negative) and null sequences.

The system of forvard sequence is of the order of the
alternatioa of phases A, B, C, while the system of backward sequence
- respectively reverse order, i.e., A, C, B. The systea of null

sequence consists of three identical values, cophasal.

The values of the balanced systems of straight/direct, reverse
and null sequences accept to designate by indices with respect 1, 2

and 0.

In §6-1 it was indicated that in the practical calculations of
currents amd voltages Aduring short circuits they proceed from the
equality of resistiag of phases, i.e., from symmetrical fulfilling of

the phases of three-phase circuit.
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In such bilateral circuits the Oha®s laws and Xirchhoff can be

applied individunally to each coaponent of balanced systes of values,
which considerably simplifies all calculations. The large advantage
of the aethod of symsetrical coaponents short-circuit study is in
connection with the fact that it reduces the computation of currents
aad voltages during asymsetric short circuits to the simple
conputation of these values during certain conditional (fictitious)
three~-phase short circuic. Therefore everything presented earlier irn
the relatioa to the calculatioa of currents and voltages during
three~phase short circuit is utilized also during the computation of

these values during asyametric closings/shortings.

The bases of the method of symmetrical components are set forth
in the course of theoretical electrical engineering [6-4]. Let us
recall the briefly basic conditiom/positions of this method. As it
spoke above, any asymssetric systea of vectors A, B and C (Fig. 6-35a)
it is possible to unambiguously replace with three balanced systenms
of vectors of the straight lime A,, B,, by C,, reverse A,, B,, C, and
for the zero Ay, B,, Cq sequeaces (Pig. 6-35b-d). With respect *o
this each of the assigned asyasetric vectors A, B and C can te
presented ia the fora of vector sua of its three syamsetrical
cosponeats of straight/direct, reverse and null sequences (Fig.
6~3%e):

A +4A +A,;
B, +8,+ B, } (6-77)
C.+¢C,+ ¢,

A
B
C=C,+




DOC = 79134807 PAGE #[’7

4

Pige. 6-35., Asymmetric systea of three vectors aad their syommetrical

component. .
Page 115.

Froa theoretical electrical enginesring it is also known [ for
6-4) that the multiplication of any vector by the complex number
a=e"" —=cos 120°4 fsin 120 = — % 4j X2
is equivaleat to the rotation of this vector at an angle of of 120°
ia clockwvise positive of vectors, i.e., counterclockwvise. This
coaplex number a, called the operator of phase (or phase factor), is
the vector whose modulus/module is equal to ome, and argument of

120°,

The aultiplication of vector on
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is respectively equivalent to its rotation om 2409 in clockwise

positive of vectors.

Using the operator of phase, it is possible vectors symmetrical
cosponent to express by the vectors of any phase, accepted as basis,
for example through the vectors of phase A:

for the vectors of forward seguence

B,—aa, and C,=ad, (6-78,a)
for the vectors of backward sequence

4
B,=ad, amd C,==a'4,; (6-78,6)

for the vectors of the aull sequence

, . ¢
A,=B,=C,. (6-78,8)
Substituting these values ia equation (6-77) ve obtain:
A=A,+A,+A°;
B=a’A, 4 ad,+ A, (6-79)

C=aA,+a'A, + A,
Thus, with the use of aethod of symsetrical components is
sufficient to calculate the walues of symmsetrical components cnly for

oae any phase, for exasple A, according to which it is already not

difficult to define bhoth syametrical component for two other phases
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and full/total/complete values of the correspomding phase values.

As a result of the joint solution of equations (6-79) we obtain
the following foraulas, which make it possible to determine the
sysaetrical coaponeats of phase A, a;ctptod for the basis:

A=+ (A+aB+a'ty;
A= (A+a'B4al); (6-80)
A:%M+B+Q
Being guided by these expressions, is not difficult graphically

to define the symmetrical cosponents of the assigned system of

vectors as this shown in Fig. 6-36.

VYector sum of the values of forwvard sequence is equal to zero:

. ¢

Ag ¢ B, 0&,-3. n!i, ui.si g1 {1vaca®) =0, since
|+a+a’=l—'7+l-'2i§——;——l—§/—=0- Then is related also to vactor sunm
of the values of backvard sequemce. Thuc, value systess of
straight/direct and backward sequences not are only symmetrical, bu+
also are balanced. In comtrast to this the balanced system of tha
values of null sequence is not balanced, since
A+ B,4C,=34,#0.
All given equations are valid both for the currents and for

voltages duriang the asyssetric modes/conditions of three-phase

installations.
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During any asyasetric closing/shorting of phase to the earth (to
neutral coaductor) the systes of phase voltages contains the
comnponents of null sequence. In contrast to this the system of
interphase voltages is alvays balanced and the components of null

sequence never it contains.

According to (6-80) vector susm of unbalanced system of curr=nts
is equal to the triple curreat of null sequence, flowing in the

earth/ground (neutral conductor) in this section of network.

The asyametric currents, flowing through identical resisting of
circuit, create asymmetric voltage drops in the phases which can be
deconposed on symmetrical cosponents. In this case a drop in the ?
voltage of forwvard sequence is created by the current of forward
sequence, a drop in the voltage of backward sequence - by a current
of backward sequence, etc., i.e., the current of each sequenca

creates a drop in the voltage of the same sequence.
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Plg. 6-36. Graphic deterainatiom of the sysmetrical components of the

asysaetric systea of vectors A, B and C.

At the sanme time inductive reactances to the currents of
different sequences of one and the same network element can
considerably be distinguished by the value (see below). Let us
designate through x,, x; and xg inductive reactances of the
straight/direct, reverse and null sequences of network element with
respect to the currents of the corresponding sequences. Then
syansstrical cosponent the incidences/drops voltages in network

elesent comprise (phase values):

M:/. =1jx;
AU, =1,jx,; (6-81)
AU, =1,jx,.

In sysaetrical ones three-phases circuit it is possible to
count, as noted above that the sysaetrical coaponents operate

independently, This makes it possible to compose separate replacement

scheses for each sequence (see Pig. 6-137).
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During symmetrical three-phase short circuit voltage in the
place of short circuit is equal to zero; during asymmetric short
circuits the voltage in the place of closing/shorting not equal to

zero is asymmetric.

puring calculations of asysmetric short circuits they proceed
froa the fact that in generators is induced only by eaf of fcrward
sequence; vhereas the effect of the curreats of reverse and null
sequences consider by iatroduction to the calculation of the
incidences/drops voltages fros the currents indicated in resisting of
corresponding sequences of gemnerators. In accordance with this in
replacenent scheses indicate only enf of forward sequence of powver
supplies and symmetrical components of voltages in the place of

short, but eaf of reverse and mull sequences consider it equal to

zero (Pig. 6-37.

Taking into account the aforesaid above and being guided by
secoad Kirchhoff's law, it is possible to determine the symmetrical
componeats of voltage ia the place of short circuiting:

l:lm=E"‘Imlx| peas ;
Ug,=0—1 (6-82)

. K2]x2 pes;

UK0=0—IKo]xu pes
vhere U,. U,, and U, - syssetrical composent voltages in the place
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short circuits;

Iy, I, and [, - the syasetrical components of current, which

flovw into the place of the short circuit;

Xipesr X200 and %5,, <= resulting resisting of straight/direct,
reverse and null segquences of short circuit (switching on power

supplies) 3

% - resulting esf of forwvard sequence of the sources, which feed

the short-circuited circuit (phase value).

Paniliarization with the givem in Pig. 6-37 resulting
replaceaeat schemes of three seguences makes it possible to draw the
conclusion that the foraatioa of the currents of reverse and null
sequences can be considered as the result of the onset in the place

of the short circuit of tie voltages of the corresponding sequences,

It is clear that in proportion to advance for circuit from the
place short to pover supplies the voltage of forward sequence
grovs/rises fros U, to £, and the voltages of reverse and null

sequences decrease respectively oa lL“ and C&o to zero.
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rig. 6-37. Resulting diagrans of straight line (a), reverse (b) ani

zero (c) sequences.

Page 117.

Resistiang of differeat segueaces [ 6~5). Inductive react :nce of
forward seguence of any netwvork elemen?, that its inductive reac*ance
during the symmetrical modes/conditions of phases, i.e., the
resistance of which previously was accepted during the computation of
the currents of three-phase short circuit, since the latter are

actually the symsetrical curreats of forward sequence,

Indsctive reactance of reverse sequence. For those network

elessnts whose mutual induction between phases does not depend on the
order of the altermation of phases, imductive reactances of

straight/direct and backward seguences are identical, i.e., x,=x;.
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Such eleneats/cells include air and cable lines, reactors,

traasforaers.

Ia the rotating machines the currents of backward sequence
create the magmetic flux of the stator wvhich rotates against the
direction of rotation of the rotor of machine, i.e., it has dual
angular velocity with respect to the rotor of machine. This magnetic
flux meets on its path soaevhat changing reluctance, which degperds con
the comstruction/design of machine and which differs from reluctance
in the path of the magnetic flux of forvard sequence, created with
the currents of forvard sequence, created with the currents cf
forvard sequence, which rotates synchronously with rotor. Therefore

in gemeral for the rotatiag machines x,#x,.
Yalues x, of synchronous aachines are given in plant
inforsational saterials and manuals. In the abseace of these data it

is possible to take the followimng average values:

for turbogenerators and salieat pole sachines with damper

vindings x,= 1,227
for salieamt pole machines without damper vindings x,=1,45x,.

In the approximate practical calculations of asymmetric short
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circuits usually for turbogenerators and salient pole machines with

danper wviandings accept -\'.éx;‘..

Iaductive reactance of sull sequence. Blectrical machines. If
the vindings of the stator of machine were cospletely symmetrical,
then the magnetic fluxes of the null sequence, created in the
vindings of three phases of stator by the flowing on them currents of
null seguence, completely autually vere cancelled out. Hovever, as a
result of certain asyasetry of the stator wvindings, caused by the
design features of machime, full of the compensation for the magnetic
fluxes of null sequence it does not occur. By the small value of
these mrcoapensated for magaetic fluxes of null sequence is
deternined a comparatively small value of inductive reactance of the

null sequeace of synchronous aachines, vhich usually comprises
Xo= (0,15—0,6) x,.

Por the synchronous condeasers and large/coarse synchronous
electric msotors in the absence of plant data it is possible to accept

%2=0, 28 and x,=0.08,

Reactors. As a resuilt of ssall mutual induction between the
coils of reactor, the distaace between which is sufficiently great,

it is possible approximately to accept xegex,.
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Aerial lines. After all to the null sequence, wvhich take place
in three phases of line, they return to grounded neutrals of the
network through the earth/grouad (rig. 6-38a). Inductive reactance of

null sequence x, Of the phase of line is determined by inductive

reactance of self-induction *; of the loop of current "wire-grouni”
and by indective reactances of mutuval inductioa <+, of the wire of
this phase with the wires of other tvo phases:

Xy=X, 42Xy
(on air electric power l1lines they fulfill the tranmsposition cf wires,
which sakes it possible to take identical valewe x, for any rpair of

vires).




DOC = 79134807 PAGE "'l% !
!
T
Jl'o ’o li“
a)' . 'l,-Jl,‘ '

rig. 6+38, Course of the curreats of null sequence in line. a)

wvithout cable on the line; b) with cable on line.

Page 118,

The depth of the coarse of terrestrial current depends on its
conductivity: in well conducting so0il the teirestrial current
flows/occurs/lasts at the comparatively small depth; on the contrary,
in the badly/poorly carrying out soil (granite, scales, etc.) the
current flows/occurs/lasts at coasiderably larger depth, With an
increase of the depth of the course of terrestrial current increase
the vidth of the loop of curreat the wire - @arth/ground and its
inductance and, consequently, also resistance of the null sequence cf

line.
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Thus, resisting of the null segquence of line depends on ground
conductivity.

If line is shielded from the direct impacts of lightning by
ground wire (or cables), then imverse current by part
flows/occurs/lasts in the earthyground, and by part the cable (Fig.
6-38b) . The separation and cable is considerably lowver than tic
distance from vires to terrestrial current; therefore the inductance
of loop wire - it increased less than the inductance of loop vire -
the earth/ground. As a result this presence of ground wire it leads

to the decrease of inductive reactance of the null sequence of line,

With the decrease of the effective resistance of ground wire
increases the share of inverse current in it, which leads to the
decrease of inductive reactance of the null sequence of line. Steel
cables virtually little affect value x, of line. Cables from the well
carrying out metals (steel-aluminuam, copper) comsiderably decrease x,

the lines.

Inductive reactance of the aull sequence of the twin-circuit
lines sonewhat more than singe-circuit ones, as a result of the
inductive effect of the currents of null sequence, flowing in the

vires of adjacent circuit.
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In the approximate computatioas of short-circuit currents it is

possible to take the corrected below average/sean values of x, arrial

lines (with x,=x,20.8% Q/ks):

for limes without cables or with steel cables:

'1.,..C1r“1t eee x.=1.§ Q9/ka

t'i"’ctrcut ese 1032.2 ﬂ/kl.

for limes vwith cables froam the well carrying out metal:

singe-circuit ... x4=0.8 Q/ka.

tvin-circuit ... xo=1.2 0/ka.

Pover cables. In approxisate computations for power cables it is

possible to accept xy=(3.54.6) X3¢
Pover transformers. Inductive reactance of the null sequance of
transformers depends on their coastruction/design and diagram of

coanection of windings,

Let us first of all note that the currents of null segquence
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camnot flow/occur/last through the windings of transformers,
coanected iato star vithout the grounding of neutral or without
neutral comdector, since the suam of the currents of the null sequence
of three phases 3I, is not egqual to zero, vhich is compulsory for the
currents, flowving through the star without grounded neutral or

vithout meutral conductor.

If line concludes with the winding of transformer, connected
iato triangle, then along this line also cannot flow/occur/last the

currents of null sequence.

Thus, if the voltage of mull sequence is applied to the
vindings, conaected into star without the grounding of neutral or
wvithout aeutral comductor or by that connected into triangle, then in
these windiangs of the currents of null sequence it does not agpear

and iaductive reactance of aull segquence is equal to infinity (xg==).

The fiaite valwe 12y, can be only with appendix of the voltage of
nell seguence froam the side of the winding of tramsformer, ccnnected

into star with grouaded neutral or neutral conductor.

Pig. 6~39 gives the diagrams of connecticn of vwindings and
sebstitatioa for the currents of the null sequence of the most widely

used double wvouad and triple-wouamd transformers,
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Por all transformsers indepeadent of type and construction/design
vith the conmnection of windings on diagram Y, /A (Fig. 6-39a)
inductive reactance of the null seguence

Xy ==X Xy = X,.

In secondary vinding of tramsformer is induced enf of null
sequence, and since the phases of winding are connected into
triangle, then in thes appear the currents of the null sequence,
vhich 4o mot emerge beyondi the liamits of triangle. Thus, entire/all
induced in secondary winding eaf of null sequence is
expended/consumed on conducting of the current of null sequence in

resisting of secondary windimg x,.
Page 119,

In replacesent scheme the aforesaid is reflected/represented by the
conditional grounding of the end/lead of branch x;, and by the
cutoff/disconnection of the external secondary circuit (grounding of
the end/lead of braach X, shouws that this with branch concludes the

path of the current of null sequence).

Inductive reactance of the null sequence of three-phase groups

of siagle-phases transforamer and three-phase four-rod and shell-type
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transforaers should be accepted:
with the connection of windings Yqo/Y9 (Pig. 6.39b) xy=x,.
vith the connection of windings Y,/Y (Pig. 6.39¢C) xqo=-.

Por three-phase tripivotal transformers with the connection of
vindings Yo/Y one should accept x= x+=x,, and with the connection
of vindings Y45/Y, should be utilized a full/total/complete
replacesant scheme in rig. 6.39b, where =x.. that depending on the
construction/design of transformer, lies/rests within limits

x,,=0.3—1,0, and winding impedances accept x =, =054,

Replacement schemes for the currents of the null sequence of
triple~vound transformers are given in Pig. 6.39d-f. Resistance of

separate windiags Xu %¢. ¥y deteraine from formulas (6-14).

Instructions on the construction of the diagrams of separate
sequences, The diagram of forvard sequence is comprised just as
replacesent scheme during the computation of the currents of

three-phase short circuit (Pig. 6-40b).

The diagram of bacivard sequence is comprised from the same

elesents/cells, as the diagram of forward sequence, since the
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currents of straight/direct and backvard sequences flow/occur/last
over one and the same paths. The electromotive forces of backwarad
sequence Oof pover supplies are accepted as the equal to zero;
therefore by the beginning of the diagram of backwvard sequence is the
point, which unites the begimmnings of all generator branches, and the
end/lead of the diagram - the point of short circuit, at which is
applied the voltage of backwvard seguence, emergent due to the

asymnetry of short circuit (Fig. 6-40c).

tThe diagram of null seguence differs from the diagrams of
straight/direct and backward segquences, since the currents of null
sequence flow/occur/last over the paths, distinct from the paths of
the course of the currents of three-phase short circuit. The currents
of null sequence flows/occur/last over three phases and return through
the earth/ground, ground wires of aerial lines, metal cable

sheathings, etc.

Begimning the composition of the diagram of null sequence, it is
first of all necessary to establish/install the possible outlines of
the course of the current of null sequence. For forming such outlines
it is necessary that in the circuit, electrically connected with the
place of short circuit, would be yrounded neutrals. With several
grounded seutrals, electrically connected, the currents of null

seguence branch betwveen thea.
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Diagraam null sequence they bégin to be from the point of short
circuit, assuming that in it three phases short-circuited. The
ends/leads of the elements of the network of the null sequence,
through which return the currents of zero sequence, have potential of
the earth/ground. Therefore it is possible to combine them into one
coanon point, which is the beginaning of the diagram of the null
sequence; the end/lead of this diagram is considered the point of

short circuit (Fig. 6-404d).

If neutral is grounded through resisting, then it should be
introduced into the replacement scheme of null sequence by the *riple
value., Is explained this by the fact that the diagraam of null
sequence they compose for ovme phase, and through resisting in neutral
flows/occurs/lasts the suam of the currents of the null sequence of
three phases., In order to comsider a real voltage drop in this

resisting, it must be increased 3 times.
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rig. 6-39. Replacesent schemes of transforsers for the currents of

null sequence.

Page 120.

In the form of an example in Pig. 6-%0 they are given network o<
the simplest installation and replacement scheme of its for all
segquences during asymmetric short circuit at point K. The first
muneral of index in resisting indicates the sequence of resisting,
and the second - reference nuaber of elesent/cell in network of

installation.
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Resulting resisting of the diagrams of separate sequences
detersine with the aid of the same receptions/procedures the
conversions of the diagrams which were utilized earlier during the

coaputation of the currents of three-phase short circuit.

If for the rotating machines accept x,=x,, thenm x,,,=x, it is
possible to be restricted to the composition only of two 