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Froblem of Reliability of Electrie Motors®
by
Engr. N, A, Tishchenko
Studying the Remunerativeness of Motors. When planning a series or individual
electric moto:r.s consideration should also be given to optimum commensurats, oo oue
hand, expenditures for the marmufacture of Ky motors®, determined basically by the
intensity of the active parts, and on ths other hand, directly depending upon thems

cost of repairs S
€= Cy S [rubles/year;(

cost .for maintenance

Co =C*, + C‘co_g—:[mblea/year] . ,
expenditures, due to the "disappearance * of—motors in national econcy because of
their structural .imperfectiness ‘

K = Klo-z:[?ut‘alesl
cost of iosses in electric power in motors and depending'upon their additional lose
ses in electric power system without expenditures for depreciation and fuel

' CY, = 0425 qur,?l : P, ¢ [rubles/yéar :
3 2,7 3

cost of electric energy 03. rubles/kw.hr; cost of electric energy without considera-

tion of expenditures for depreciation ard fuel C" = 0425 033 additional expenditures
for the construction of electric power stations, substations and networ«s,necessary
for generating, transformation and distribution of electric power, lost in motors,

T, B | |

NK; = > Q '533"' K3[rub1ea

a .

'l."lz )
additional expenditures for the construction of fuel installations,necessary for com-

pensating the expenditures on electric energy, lost in the motors,

1. Canplet:fon.Béginning see in journal Elektrichestvo,1961,No.1le
2, Coefficient includes also conjugated additional capital expenditures in elec-~
trotechnical industry, metallurgy etce
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AKp= Rd ,72 71 {5 d E,Ix.r[rublea]

. annual cost of conductor (wiring) mterials when manufacturing motors !
(1- ‘
o= '—1—2* 1 = 245 (7. —m ).Tt/year
My 1’%0 7]’- 722 H_‘ S5 0y 1, [/Y ]
and inversely depending upon them costs of these materials during repair and mainte- .

nance of the motors
S
Mp =5'1‘de So[ t/year] 3

) st
M =M, ¢ Mo Sy t/year| 3
additional expenditures of conductor materials in netwarks of general and local use ‘

and at electric power stations due to excess losses in electiric power in motors

21-1 -
&MS = qly 7{ T Lt/year 3

" ratio of equivalent weight in copper of the conductor materials, consumed by electriec
powe‘r stations and energy systems, to the weight of conductor material in elcetrie
motors o33 expenditures at electric industry plants during the introduction of new
series of motors KS\:rubles] 3 expenditures and loss in national economy due to change
in installation dimensions of new motors Ku[ruhleal .

The selection of final data about the magnitude of temperature rises and reserves
of reliability in electric motors should be carried out on the basis of technicale
econamical calculations, on the basis of operational experience,

I The conclusion about the femonerativenass of the developed motors can be made by ;
comparing various calculated expenditures (Ps) by studying equation
P3= cp+c°+cp + C_'3+ Ky "AK%"QKT + Ky + xp.+ K1

for the mininmm. It is advisable to express the values P3and their components in the

[ rubles/yegr]

v ’ function of motor efficiency or in the function of motors placed in capital repair (S)
The standard service 1life is recommended as equalling 8 yearszo

2 Basic methodical conditions of technical~economical calcuhtiona in Power Engineering |
Elekirichestvo,1959,N0¢10, ' |
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The expenditures on conductor materials can be investigated by equation
' s 4 ;“‘*,V .
PN=JM‘ITI"I?-‘—1)IC—A4”’ [Ill/ 0()‘. (1)
Investigatioh of equation (1) showed that a considerable increase in weight of
conductor materialg in motors is ebsolute}y mofitable;
Urgent Measures, Below are discussed measuresy&llowing to sharply increase the
reliability of manufactured motors. These measures have been checked on a set of mo.
tors of one metallurgical plant, where their realization has increased motor reliabilit

by many times,**

It is necessary to remove from industry motors of the single series A and A0
an;-l abstain from introdueing into indusiry motors of tﬁq new single seriés A2 and AR fr
the third to the sixth overall dimension inclusively as less reliable, unprofitadle
under conditions of national econamy power indicese

Instead of the mentioned motors it is advisable to furnish users with presently
manmufactured so-called textile AOT or AO2T motorsy,having much higher power cixaracter °
1s£ics and reliability. .

It is necessary in all serie#ynchronoua motars of general designation, cranee
metallurgical, explosion safe etc., to reduce the thermel stress of active parts by
raising the class of insulation by one degree, not changing their standa;d capacity.

This measure is recommsnded first of all for crane-metallurgical DC series DP
motors, roller conveyer series AR motors and explosion-safe motorse

Planning of motors with higher reliability, When designing new motors,for the
purpose of‘assu;aing required reliability and to increase the level of energy charac-
teristics it is necessary to do the following.‘

On the basis}af native and foreign experience it is necessery that geqeral mrpose

DC and AC motors with a capacity of from 2,5 kw and higher should contain reliability

#s Exported from. the USSR electrie motors are distinguishad by high reliability,

"FTD=-TT-63=36/1+2 3




reserves with a coefficient, equalling 1,15. Fof motors with a capacity of up to 2,5
kw tpe reliability coefficiemt should be accepted as equalling 1,25,

During long lesting loading of motors equal to the product of rated power or coef-
ficient of reliabdlity, hea.ting of the windings and parts of the motor should not
exceed a maximum value,established by GOST for corrsesponding classes of winding insu-~
lations,

Independent from the fulfillment of the;e instructions to create the necessary
reliébility reserves the permissible heating of all windings and other parts of ser-
ie¢s motors, used in industry, conétruction. coxmnal and agricultural undertakings‘at
rated power, it should be below the maxirmm permissible values of heating motor wine
dings, established by GOST, by the following values a) for class A,E and B insulaticns
- by 15°C; for class F - by 30°C; ¢) for class H insulations - by 50°Ce

Maximum values of temperatures excesses, established by GOST, are permissible only
for certain special motor constructions.. sspecially designated for short service lives
and low number of working hours per anmun, . '

The high values of starting currenta‘in'motorﬁ reduce their reliability as result
of considerable mechanical and thermal stresses originating during the -star ting,

Consequently the stable short circuit current in the stetor winding of asynchro-
nous motors with short circuited rotoe in braked gtate a% rated frequency and network volt-
E%E should not exceed 6I rated, and for explosive safe motors with shorted rotor at
the mentioned conditions 5,5I n,teqe For synchronous motors is necessary:to limit
the shoft'circuiting cﬁrrent at above mentioned conditions gt a capacity of up to 100
kw with a six-fold value of the rated; from 100 to 1060 ki = 65 fold and at a capa- .
city of over 1000 kw - by a seven-fold values .

. The “plus * tolerance + 15% to exceed the actual short circuit current over the
calculated, permissible by GOST 183=55, should be annulled,

In conformity with the positive native and‘fcreigh operational experience it

FTD=TT=-63=36/1+2 1




i8 necessary to limit the intensity of the calsulated adiabatic temperature rise in the,
atat#)r windinga during braked state of asynchronous motors with shorted rotor and syn- ;
chronous motors on ‘the following level: a) at class A and E winding 1@htions - ‘}
3e5°C/sec; b) at class B and ¥ winding insulations =4,5°C/sec; at clz.ass‘ ‘winding ingu.
lations « 5°C/zec,

It is necessary that the Committee on Standards at the Soviet of Ministers USSR
should reaxamine and expsnd the efficiency s¢ale for AC and DC motors and the capa=-
citance coefficient for AC motors of £ll capacitances and designations, having estab-
lished the power characteristics of motors on a mmch higher level, assuring their
national economy profitablenssse .

From the state standard (GOSI') should be eliminated points and rem;srka 2llovwing
during the use of greater "minus® toleraz;xcea to design and manufacture motors with
reduced energy characteristics as ccmpared with the ones indicated in standerd scale,

Considerable l0sses in power in active steel of magnetic drives of motors with
consideration of rmltiplicaticn of losses in electric power systems absorb up to 2‘%
of the entire electric power generated in the USSR, To *elizinate* these losses from
motora is necessary forced ventilaticn, in turn considersbly exceedling itke noneproduo-
tive losses in electric power ir national econamye

In connection with the indicated cne of the important trends of improving motors
is the reduction in constant iosses and heating levels of active steel by using spe-
cial electrotechnical steel with low specific losses,and also by reducing the thickness
of active steel sheets of magnetic drives (circuits) and losses for ventilation of -.
machines,

To avoid bresk down of squirrel cafes of as&nchronous and synchroncus motors it is na-.
sessary to limit their heating within the following bounderies: a) during starting
(alwninum cage) = 200=250°C; b) in braked “state (aluminum cage) - 300~L00°C; ¢) when

starting (copper or brass cage)e not more than 300°C,

FTD-TT-63-36/1+2 5




Rules Governing the use of liotors, To regulste the use of motors it is necessary
to fulfill the following messures,

AC motars of single series A, AO, AQT or A2,A02, AOI2 should not be accepted for
rechanisms with repeated-short lived operational conditi.cm with connection frequency,
eicceding 150 v per hr rog,ardiess of the flywheel moment of the mectanism., The atten-
tion of constructors and users should bs calle;i to the fact that these series of mo-
tors by the mechanical strength of the components and by their cemstruction ‘does not
neet tﬁe operational conditions at much connection frequency,

The use of AC motors in explosive protected utilization at a comnection frequency
exceeding 200=-250 v per hour is prohibited,

The use of AC clectric drives with crane-metallurgical motors with phase and
short circuited rotors at a connection frequency of more than 400 v per hr should be
prohibited. At greater connection frequency the use of DG elecirie drivea should be
recommended, . 1

The use of contactor-rhecstat control of DC motors should be limited by a connec-
tion frequency equalling 800 per 1 hr, At a much higher connection frequency should
be recocmended the use of a rheostatless control systenm (URV-.D and others) as assuring
a more reliable and economical performance of motora,

Taking into c;onsideration the strained operationr of machine installations in thae

USSR and the considerable load of & majority of moters, workik in repeated shart con-
ditions, The conditionality and inaccuracy of the methods of dmenéiming the capa-
citances of these AC motors, as well as the consideréble nuber of errars of machine

consfruction plants and plenning organizations when selecti._ng these motors with k
reduced required power, for imdustrial appiication instead of rated working condi-
tions with PV, equalling 15, 25 and 0%, it is necessary to define working 'conditions
with‘ Pva 25, 40 and 60° The working con.ditions at Fvs15% should be eliminmated. The

basic working condition for motors with repeated-brief working conditions should be

FTD-TT-£3=36/1+2 3




the condition with PV = 40X, Nonpermissible should b; considered the emplcoyment of

protected series A, A2, P and others motors in workshops of industrial workshops con-

taining considerable mwnt+t dust (regardless of its natura), emulsion wapors,caustic
"volatiles, as well as for outside instelletions;

Considering the mass nature of employing motors in conditionshf brief temperature
rises of the surrounding medium to above nominal calculated (southern and south eastern
regions of the USSR, hot workshops ete) attention should be called toward the
necessity of strictly considering the temperature of the surrounding mediumg not per-

mitting the use of motars for full reted power in all instances, when the temperature
of the surrounding medium does cnly briefly exceed the nominal calc‘ulated temperat ure
35 or 40°C),for which the motor is intended,
Overloadir;g motors in operation results in rapid failure of same, because the
sorvice life of motor windings decreases ‘inversely proportionaly approximately to
) ‘the eighth power of.the load above the specific value, For presently zmmu’ectured‘
motocr.s thi+alue at class A and E insulations of windings constitutes about 80% ot ’
the rated power, and at a class B insulation - 90% ‘
This investigation of operational reliability problems and the level of energy
qualities of electric motors appears to be only the setting of the problem, but by
far not its resolution, .

The urgent need of raising the national econcmy remunerativensss of electric

motors is evident from the following indices of the program of the Comminist FParty
USSRe s * The achi;eVement in the intexest of socleiy of maximum results at the least

i expenditures = th;a immtable rule for building our econoay ® and .'the Production
quality of Soviet Enterp&isea shmld be Cons:lderably Higher 'than at the best capi~
talistic enterprises ®, . ¢

Appendix, Certain Data on Electromotor Supply in the USSR3
3e Calculated on the basis of data published in capitalistic press,
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1. Total number of motor with a capacity of over 0.6 kw,menufactured in 1960 =
about 3 milifon units, »

2. Total power of motors {capacity of each one over 0,6 kw), mamifactured in 196.0
- about 25 million kw, ' .

3. Total cost of.all motors with a capacity of over 0.6 kw, established in nationul

econany of $he USSR (1961 prices without copsideration of depreciation) « about
1.45 pillion rubles,

Lo Total cost of all motors with a capacity of over 0.6 kw,manufactured in 1960 -
about 0.3 billion rubless

If we basse our.;elves. on the general data concerning the number and cepacitance
of motors, established in the national economy of the USSR, and also upon the basis of
operational data, then the expenditures and loss because of their insufficient relia-
bility and low power characteristics in 1960 wers app:rm:im.atel;r as followss

1., Total number of all motors with a capacity of more than 0,25 ku.wh;\.h went for
capital repair in 1960 - about 2.75 million unitse |

2, Total power of all motors (capacity of each one over 0e6 kw) which went into.
capital repair in 1960 = e2bout 19 miliion ke,

3¢ Totgl number of operational personnel, occupled in repair and maintenance of
motors in industry of USSR in 1960 - about 350 thousand people (of whom 10% was ,
engineering-technical workers).

l{. Total operatiomal expenditures in 1960 for repair and maintenance of motors,
loss in their stoppeges, loss due to excessive manufacture of motors with msufficient
v relistdlity and expenditures for coastruction and equipping electro repairs shops and

plants -« about 142 billion rubles,
5e The average weighed ef ficiency of motors with a capacity of over 0,6 kw,
vorking in the national econcmy of the USSm. about 87%.

6o Losses in electric power in motors and the losses in power generating systems

FID=-TT=63=36/1+2 : 8




depending upon them, including the looses for natural needs of electric power staiions”
B in the year 1960: a) in kw/hr - about 30 billion; b) in rubles - about 0,36 |

billion; c)rin percentages of generated electrie pwér ~ about 10,

7+ The power of electric stations, working in 19'6_0' onh to cover the losses in ;x:o-
tors, = about 645 million kv, o

8¢ Cost of eiectric power stations, substations and general and local networks,
which generated,transformed and distributed electric powe‘r, consurted in form of los-
ses in motors - about Ce.6 billion rublese

10, Amount of coppez;.consumed for repair of motors - about 25 | thousand tons,

11, Manufacturing losses (for all types of industrial pa‘oduct;l.ons) dus to motor
stoppages - 0.25 - 0,5%. ‘

Upon an increase in the average'wei.ghed efficiency of motors engaged in indusiry from

.87 to 92% in 1965,as is evident from fig.l-3**% the following results will be aitained:

1.Cost of motors of general capacity of 165 million kv rises by 2,18 billiom rub,
2e Cost of equimment of electric stationé, subata;‘giona and general and local net-
work will reduce by 0,83 billion rub_les.
3e Cost of equimment for fuel enterprises will decrease by 0.6%1:11110:1 rube .
le Expenditures for repair and maintenance of motors will decreaee by 1l.15 million
rub/anmally . ' '
5. Econcmy on electric power will be 20,8 billion lw.hr/years
6. Number of personnel,working on repa.:‘.r and maintenaﬁce of motors,will he reduced
to 256 thousand people,
Te Econaziy in conductor matériala for this time with respect to copp‘er. equivalent

will be no less than 100 thousand -tons.

a-Part “of these losses belong to losses in motorse
*48 Tip,l=3 placed at tha beginning of the authors reprort see Elektrichestvo 1961,No.11
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Be Econanical effectivensss at a service lifes a) T = 1 year = 0,42 billion rubdj;
2) T= 4 yoar = 0496 billion rub/anmally; ¢) T = 8 years = 1,16 biliica rubles/anmally,
As is evident from the ebove given data, as result of imsufficiency in operstional 1
‘reliabdlity and low power characteristics of motors the nationsal economy bears | l

‘a considerable losse

Subrd tted July 10,1961
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