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PROBLEM OF DEPENDABILITY QF ELECTHIC MOTORS
vy

Ingineer N. A, Tishchenko

A great part of the electric motors put out at the present time do not
possees sufficient overational dependadility. They are developed with s
viev to the maximum reduction of expenditure in their making, but not with
proper consideration of the exvenditure in their operation. Electric mo-
tors which convert electrical energy into mechanical energy form the main
link an electric drive., Therefore the prodblem of the dependability of the
motors 1s part of the problem of the devendudility of the electric drive, and
investigation of methods of imviring it vroves to be a task of firet impor-
tance,

In this article wve consider the principleu. involved in the designing of
dependable motors that are profitadle in every respect in the people's so-
cinlist economy.

Mathematical Concept of the Dependability of Motors. The devendabil-
ity of a mecanical device or any part of it is determined bd¢ the prodabdbil-
ity of 1te functioning without getting out of order during the couse of a

given time with determined conditions of avvlication:

]
H =¢_; . ) (1’
where H is the devendadbility (probabiitty of fanltleu'vorkinc) for a per-
i0od of time with an aversge time between dreakdowns and activity m,

The dependabdility, 1. e., the probadllity of getting out of order will

P'=l—-¢’ . (z)

The concent of bdreakdown is conventional, Yor dreakdown in actioa
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one can consider both getting out of orde*.adu‘ to stoppage with occasion-
al (unforssen) damsge to the mechanical device, and also forced nrestipulated
cessation of its working for the carrying out of repairs and adjustmeats.

Anpiicable to motors as characterietic br'el.nkdovm one can consider all
occusions of major overhsul to motors, indoyndew\u, of whether they come
from randoz damage Or ars & result of prestipulated vlanned measures directed
towards avoiding the daiugc from randoa steppages. ’

The dependadility of motors with relation to their being put under msajor
overhaul can be called dependability with relation to "mujor® bdreakdowns in
action, Such dop;nda.bility in taking into consideration only part of the
breskdowns is conventional or partial dependability of the mechunicul device.
Devendability where one takes into consideraSgon 811 possidble brenkdowns in-
cluding regulation required stcppages for prevending random breskdowns (vre-
ventative insrections and current and moderate repairs) constitutes com-
plete or zeneral devendability of a mechanical device or industrial aggregate.

Por odtainint trustworthy solutions in investigating the phenomena by
methods of mathematical statistice it 1s necessary that the statistical data
correspond to a stated prodblem, In this case with a sufficient amount of
random phenomena marked deviations will De met with very seldom, and thcn
random phencmena line up slmost like non-random phenomena.

It is impossidle, for example, unless it is sudbstantiated, by the duta
from ~ nunber of breakdowns in one entervrise to judge of the dependadility
of the motore in the whole bdrunch of the industry, or by the data of one
branch to judge of the dependabdility of the motors in the people's economy
as & whole.

The greatest pulling out of motors for major overbaul is in constructionm

worx, where it on the average amounts to about 50% of the number installed
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per year, Ia the mining industry the pulling out of motors for major
overhaul amounts to 30%, 4a machine bduilding about 204, in ferrous metal-
lurgy 176, and in the chenmical industry 9%, On the average for the whole
industry of the USSR it amounts to 107 per Year (m = 5 years).
Substituting t = m = 5 years in the expression (1) wve get:
H-=e'=0,37, 3
Consequently the dependability of the action of the motors in the in-
dustry of the USSR related to the mujor bdreakdowns and thr five-\ear period
of overation at the vresent time amounts to 37%, and the devendability to 63%.
The usual expression of the separate member of the probability distri-
-a  p¢
dution of Poisson .ﬁ_?rg__ can be used in connection with the prodlews
in the investigation of the dependability of motors Dy the method of sub-
stitution of the ratio g for the mathematicul expectation a.,

Zach of the memdbers 0f the finite series

1

! 4 ] t
NI AP I O 2 What
b= T T R) T ()
* ¢
1{t) -
| +{L) e 4.
the sum of which 1s squal to 1 revresents the prodability of the correspond-
ing number of breakdowns. The first member of the series (4) reoresents the
vrobability of the number of dreakdowns, 1. e., the dependadility of the de-
vice; the second member the probability of one dreakdown; the third memder
the probabilisy of two bdreakdowns, etc. By analyzing the dependadility of
motors in mdustry with the aid of the expression (&) with t = m = § years,
%s 1 and Ha 0.37, one can draw the conclusion that for S years 63% of
all the motors installed in industry are pulled out for major overhaul,
and in this numder 37% once, 18% twice, 6% three tirmes, 14% four times,
0.3% five times, etc. The full number of withdrawals for capital over-

haul of 63 motors for five years amounts to 100. In this dere and further
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o it s assumed that the dependadility of the motors repasired by the users
on the averuge is not less than that of the new motors,

Let us consider, by using the exvression (4) the probabutti of withdrawal
for major overhiul of motors in the course of 1960 (t = 1 year) with an aw-
ercge period detween the major bdreakdowns m s 5 years.

of 1,00 motors produced in the course of a year not lests than 1Yz are
withdrawn for sajor overhaul, of them 16 twice, and one three times. Up un~
ti11 recent times the manufacures guaranteed un:ntorrupted,opcutapu of motors
during the course of one yenr, If the consumers made use of this guarsntee
the factories would have to supplementarily for every 100 motors furniesh
free of charge to the consumers twenty more motors,

Let us assume that the supplying factories connidox;ably improved the de-
pendability of the motors. Let us assume that the major overhaul wiil amount
to once in 25 yeurs. In this case the devendability of thé notor related
to the guarantee period t = 1 year, with an average time between major break-
downs m = 25 years. would be equal to H = ¢ 0:0% = 0,96, With an average
time between major breakdowns m = 2§ years per there will bde withdrawn for
major overhml four motors. )

At many factories of the USSR there are lots of motorg the withdrawal
of which for major overhaul during 5 to 10 years does not exceed one or. two
for sever«l hundred. Jor these motors the average time detween major dreak-
downs goes as high as 1,000 and more years (m> 1,000 years). Some motors
under heary conditions without any servieing are capabdle of faultless opera~
tion up to 5 years in the sealed condition. The dependability of such mo-
tors with relation to major breakdowns for a yearly period of operation
{(t = 1 year) turns out to de H = 0.999.

Yor such motors a one-year or three-year guarantee of faultless opera-
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tion has scientific meaning since the probvability of th: metor's getting
out of order during the yeur amounts to P< 0.001 or less thas 1%,

The dependabdility of the aggregate of the industrial urticle revresents

the product of the devendabilitiss of ite structursl assemblies and parte;
' H=HHH,...H, (s)
vhere H) — H, 1is the dependabdility of the assemblies 2nd parts:
”._‘-é: (&)
n, is the average time bdetween dreakdowns in the action of the nth assem-
dly or part of the device.

According to data of the Magnitogorsk Metallurgical Combine (M)A the
distribution of the damage over the separate units of the construction of mo-
tors on AC is as follows: winding of stator 91%4: winding of rotor 6.7%:
mechanical damage 1,3%; damage to bearings 14%.

These statistical data are based on a considerable amount of damage
and therefore can be accepted for investigation as trustworthy,.

Let us set up the devendability of the separate coriotructive units of
an AC motor in accordance with the MMK data, For this vurpose we will use

the expression (5): '

=L A e e
,’=¢ '_—:e "'e "le ﬁe Q. (7)
tx tx tx
where m) = 3’ m2 = Pl my '1-3’ and my =t, are the average times between

breakdowns: of the winding of the stator, winding of the rotor, mechanical
units of the construction of the motor, =-nd units of bearinges of the motor,

By substituting the values obtained m—n, ia (7) ve get

<1 Jow
. : H=¢ .=¢~~'R~_ ‘(7‘)
Bon“. tx = 100 n, ! =ux-’ﬂ
‘ .

By substituting the value mp obtained in (6) we get values of dependa-

bility of marts and units of the constructinn of motors on AC with relation
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to major bre.kdowns im accordance vith the MK data (Tadle 1).

Tabdle 1}
Structural unit of motor Devendabdility JAverage veriod of ser-
with t = s vice bdetween major bdrak-
§ years downs, years .
Stator dﬂd‘n‘ " 0.‘405 5.5
Rotor winding 0.925 7%.5
Mechanical parts 0.987 74
Bearings 0.99 $00

Rational construction of a mechanical device ol':ould assure close to iden~
tical dependa®ility of the parts and asesemblies, the average time of fault-
less action of which should be provortiocnally greater as the number of parts
and assemblies is greater and aleo the required time for faultlese working.

Let us set up in accordance with the MMX data the devpendabdiiity of an
asynchronous motor with a gshortcircuit rotor with relation to the moderate
and major overhauls, taking into consideration also the bdreakdown of the
thrust antifriction dearings ‘he replacing of which requires the carrying
out of moderate repairs to the motors. Let us take the average service life
of the thrust antifriction bearings to be 7.5 thousand hours, -nd the av-
erage number of hours of the motor's deing connected in (number of hours
of working of the bdearings) as equal to 1.5 thousand hours ver year. Then
the average time Detween dreakdown of the dearings amouht. to my = § years.

With ¢t = 5 Jeoars: ”l‘e-.‘goo‘oso ”.;c-m 0.925;

- e~ :
II._-C = 0,987, H, ue—'"=037, | (7v)
Hence H = nllzljl,‘ = 0.136. ‘
Consequently the insufficient average service life of the thrust anti-

friction bearings and the dependability of the stator winding sharply re-

duce the dependadility of motors with relation ‘o the moderate and major
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overhauls, JFor a periocd of § years of operation of 100 motors the prodable
wvithdrawsl for major and minor repairs would de B6 motors, 1n this sumber
27 once, 27 twice, 17 three tinmes, 9 four times, 4 fivetimes, and 1 siz times,
amounting altogetl.er to 200 dbreskdowns.

1f the dependability of the stator winding relnted to 5 years of oper-
ation (¢t = § years) is raised to E} = 0.82 (m) = 25 years), and the service
11fe of the thrust antifriction bearings is ralsed to 30 thousand hours
(my = 30 years, Hy = 0.78), then the general denendability o the asynchronous
motor with a shortcircuit rotor related to S years of overation is ruised to:
H= 06,82 - 0.925 » 0.987 - 0.78 = 0,585.

In this case out of 100 motors with a shortcircuit rotor for § years
of operation there would de wlithdra\m for major and minor repaire 41 motors
with 53 breakdowns.

Outlays for Revairs and Maintenance of Motors The author bas at his

disposal data on major overhauls of motors at 122 enterorises and cﬁn‘binn.
At these entervrises there are installed 237 thousand motor with a total pow-
er of about 6,35 million kwv. JYrom this lot of motors there were withdrawa
in the course of a year for major overhaul 42,704 motors (1Y% of the motors
installed).

At some enterprises the withdrawal of motors for major overhsul ias con-
sideradly higher than the average data, Thus, for example, at a large -uu‘.'
metallurgical combine the withdrawal of motors for major overhmal im 1959
amounted tg 234, at a tire factory 26.4%, at a machine~-building factory 31.48,
at an electric-lamp factory 41.68, at some medium-sized metallurgicsl plante
in 1958 424, at a red-lead-oxide factory.43.5%, and at the factory Stroy-
detal ' 1038, -

From an analysis of the data it follows that the withdrawal of motors
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Tadle 2

Brunch of industry |Average l Specific exvenditures ver year, rud/kv
withdraw- é <
al of mo- ) ' r Main.
tors for é 4 [ 25 ;': ? {0':"‘“%
mjor |8 |8, |E )BT |85 4,
overhul| g % |5 o |ee {268 8; enl 7%
for yeur|2 S [E< |28 |550 |82 [55] o
s, % ._|me |~ g w8 g - g2l .2 »
« 2 |u3 |no 20|l |6B8] ED &
RE\RE IRc R4l |R3ASE| 25 ¢
Rs| 28 2
Terrous metallurgy 13 0.6 |0.¢ 2.0 |0.3 0.3 [0.L45] 0.9 W.75
Chemical 9 0.5 |0.% |2.5 |0 0.15 1 2 N)
Mining 29 0.8 0.5 |1.2 ] 0.2 1.6 1.2 j2,4P.9
Machine duilding and -
netnl working 19 1.2 2 0.5 | 0.7 0.7 1.4 |2.8Pp.3
FTlectrotechnical and
radiotechnical 15 2.5 1 0.5 0.3 0.3 ]3.0 6 3.6
Light industry 12 0.4 0.6 |0.6 |0.2 0.3 |[u&.8 |9.6U6.5
Food provision 24 1.8 0.6 |0.8 |0.9 0.9 |4 -] 7.0
Building materials 25 1.2 0.5 |1.2 |oO.2 1 4.5 |9 7.6
Construction work shy 2.4 Oo.4 110 |o.6 2 3.7 |7.407.5
Average for inuetry
and construction <0 1,2 1.5 |1.3 | 0.4 o.4 1.8 13.6U0.2

for major overkaul ie greater in proportion as the number 1s greater of usyn
chroncus motors with skortcircuit rotor in gener:l use as well as crsne motcrs
und in provortion as their power is smaller, |

The a.verage power of '..he motors &t the 122 entervrises under considera-
tion 'umuuted to 26.8 kw, whereas the avernge power of all motors installed
in the USSR is 8.7 kw, 1. e., one third as much. Therefore the yearly with-
drawal of motors for major repair in the USSR should be 18%, as is the case
at the 122 enterprises, and not less than 20% of the installed number of mo-
tors, and not less than 16% of the instulled power.

At 20 enterprises at which there are data on the operations of 157 thou~
sand motors during the year 52,494 were withdrawn for moderate repairs. The
relstin nunber of motors withdrawn for mujor =nd lesser repairs during the

Year amounted to more than 50% (m ¢ 2 years). The dependability of tke motor

FID-"T-63-35/1 4 2 ]



with relation to major and modera®e repairs at these onterprises for 5 years

amounted to3 s

IfH=c T=0,08(3,). 7¢)

Yor 5 years the pymber of major =nd moderate brsakdowns for each motor
wug more than 2.5,

The data for the average svecific expenditures for repaire, maintenance,
and loes from stoppage of motors per kv of instulled power in a numdber of
brunches of industry and construction in accordance with the data of 120 en~
terprises are given in Table 2°,

The change in the svecific expenditures for repuire and maintenance
of motors and 10ss from stovpage depends on the dependability of the motors,
tleir average vower (in A given branch), and the design of the motors (open
or protected), as well as the relative number of more dependable DC motors,
the relative number of less dependable 4l motors, crane and genersl-purpose
motors with vower up 100 kv and the esvecially less dependadble small dimen-
sions of these motors, the load, the character of oroduction, and the condi-
‘tions of overation.

At some large enterprises the cost of repaire of motors reaches several
millions of rudles per year. Trus at one mining-metallurgical combine the
cost of major and moderate overhauls of motors in 1959 amounted to 3.15 mil-
lion rudles, and at one metallurgical combine the cost of all the repairs
equalled 2 million rudbles.

From an analysis of the data of users about the relative number of elec-
trotechnical personnel occupied with repairs and operation of motors, it fole-
lows that in repair and operation of motors in industry about 1.7% of the

whole force is occupied, 1. e., not less thun 350 persons, among theam adout

*In Table 2 and from here on the data are fcr the prices of 1961,
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108 of engineering workers. The lurgencss of the number and the qualifica-
tion of this personnel 1is evidenced by the data of the All-Union census of
1959, according to which of the 1,289 thousand installers, electriciuns, and
inevectors of electrical networks, 63.6% had intermediate «nd higher education.

Investigations showved thnt th~ operational personal successfully assure
faultless o§ontion of the motors if they are vroduced with the vrover devend-
ability., Only in & few branches of the people's economy--bduilding and the
building-material industry-- is the techpi.cal level of the operation of the
electric motors clearly not up to par,

Basic Causes of Insufficient Devendability of Motors The basic reason
for the frequent getting out of order of motors in the peorle's economy turns
out to be insufficient design devendadility.

Some svecialists who have developed designs of motors do not agree with
this. However, as follows from the decisions of many ccnsultations and con-
ferences in which users took part, many deeigners and factory producers of
potors have 1ittle connection with the operation of the motors developed and
manufactured by them.

In electrical machine manufacturing .n in machine manufacturing generslly
increased stress on the active parts results in a consideradle economy of
materials in vroducing motors and lessens their cost, but when it puun. '3
certain level it unavoidably lowers the devendability and increases the tene
dency to damage and cost of operation.

Under the conditions of & socialistic people's economy reducifng expendie
ture only in manufacturing is not justified. The created design should guar-.
antee the minimum overall cutlay covering both the production and the operation.
: The designers of electric motors do not sufficiently take into consid~

eration the practical modes of operating motors, which are consiceradly dif-
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ferent from those vhich can be artifically created i{n the ladoratories of
electrotechnical factories and institutes in the researching und testirg of
notore,

Motors under the ccnditions of operation may not be overloaded, while
the cauges of overloading are very many. They are the malfunctioning of
nechanigms, cornsiderable deviation of tha frequency or the voltage of the
circuit either downward or upward, the thickening of tlrq ludricant of locﬁnn—
iems in cold veather, exceedin: the rated temperature in the surrounding
medium in certain periods of the year and day, high load at the moments of
especially high forcing of & production process, local shortcircuitings of
neighboring sheets of sctive steel and increa:e in heating of the active

parts at these vlaces, excecding the rated values of the current and losses

- of running idle in the course of operation, and many others,

In de:igning the parts and asseblies of motors one should take into con-
sideration what has bDeen said adove. Under any vractical circumstances and
genernl modes of working there €hLould be assured long-duration operation
with & minimum of dreakdowns in action attributable to the design of the
motors. Into the deligﬂ of the motore, into all the varts and assemdlies
there should bde "put" fundemental reserves of strength ae is done in the de-
signing of the parts of mechanical devices and metallic constructions. JFor
this there should be developed a *Theory of the resistance of electrotech-
nical materials,® the essence of which should be scientifically and practic-
ally baged reserves of strength and coefficients of dependabdility,”

It is necessary on the bdasis of systematic study of experience in oper-
ation of developed machines to differentiate and matchk the vermissidle
stresses and reserves of strength in accordance with concrete conditions of

overation and production of motors by the quulity of the original materiuls
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attajned t&'.;-thb level of technology. This can de assured if systomatic in-
vestigutions of the working of motors, the collection of the necessary sta-
tistical data, und the study of the conditions of operation are made an in-
genarable part of the activity of designing staffs, .

At the present time there are no grounds for excess huste in introducing
into overation untested mass-yvroduced new msetors, if their dependadility hae
not been izproved. One should bear in mind the relatively insignificant
obtainadble econoxy in expenditure at the factOries in the electrotechnical
industry in introducing new series in comperison with the consideradle
amount 0f work and materisl involved in repair and maintenance and the
great loss from stovpage of the motors.

For the time bdeing 1t is important to introduce such series-mude motore
as sharply improve the demendability, which should be previcusly proved by the
computation method and in vractice.

Quality of Mapufacture and Selection of Motors In the decisions
of the consultations anc conferences the consumers noted the unsatisfactory
quality in the manufacture of motors.

The operational personnel at the huge enhrprhu.'bofore mtting the mo-
tors into oreration at the time of repairs, remove the shortcomings and de-
fects gradually getting the motors intn a conditioned state, From this time
on the motors' getting out of order devends very 1ittle on the quality of the
manufacture and is determined only by the stresses on the active parts per-
mitted by the designers, snd on the loads permitted by the oper;!timlpob
sonnel.

Some designers and factory producers consider that the unsatisfactory
quality in the manufacture and of the original materials, as well us the une

satisfactory level of the technology in the mamufacture, along with mistakes
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in the selection of motors by the planners of organisations und machine-
builaing factories constitute the main cause of 30 muny motors gettiag out
of order.

A study of data from operatjons does not Justify one's agreeing with such
s one~sided conclusion, The correct selection of the dosicnv(protectcd or
open), the kind of current (AC or DC), the rate of revolution (3,000 or 1,500--
1,000 rpn), and class of insulation of wirdings (ordznnry or heat-resistant)
at the present time are of great significance. One should attach much im-
vortance to the selection of motors, preferring those the design dependabdil-
ity of which is higher,

As experience shows the getting out of order and the dependadility of the
various designs and constructions to a great extent do not depend on tﬁo do-
sign of the motors or the kind of insulation of the windings, but is deter-
nined mainly by the relative heat stress of the active parts, i, e¢., dy the
difference between the actusally rated level of heating of the active parts
and the extreme allowabdle heating.

Ixperience shows that the protected AC motors with stator winding of the
insulated class A with frequent impregnation of the windinge and insignifi-
cant heating of the windings (for example, the gevies MKA and MKB of the
Yaroslav Electromechanical Factory), despite long yeare of operation, prove
to be satisfactorily dependable, while the closed motors with silicon-orgsnic
insulation and heating of the windings above 120°C ure less dependadle.

The effect of the heating of the active parts is especialiy noticeadle
in the study of the data of the oporattbn of the structurally complicated
alectric-muchine amplifiers of the series EMU and the simplest asynchronous
motors with nhortéircuitod rotor of the single series A which muke these

amplifiers rotate. The two machines have identical protection design und
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identicnl winding wire «nd form of the groove. However, the heating of
the active p'.rti of the motors is corsideradly greater than for thoce of
the amplifiers. Therefore the amplifiers rurely get out of order, bdut
the motors very often. |

It 19 impossible !0 expluin the great ~mount of gettimg out of order
in the case of the series motors simply by the cefects in technology and
the quaiity of the original materiuls since the sume factories produce more
dependable and less dependadle motors.

Thus, for exampie, in the same production areas, by the sume workmen
there were prepared ideatical mctors of the same power of the series NTV
and MTKV (with insulation of clags B) and series M and m (with insulation
of clase A). The dependability of the motors of the series MIV and MTXY
under equal conditions of operation was higher than for the motors of the
series N‘I‘ and MTK. The only explanation of this fact is the greater stress
on the active parts of the motors of the series MIK and .

The quality of the original material e—of the winding wires, of the in-
sulation materiale, and of the level of production technology should de con-
stantly improved, since on this devends the devendabdbility of the motors.
However, these meagures will not give the desired effect unless there is a
reduction of the stress on the active p-rts, i. e., unlessa there 1s an 10~
crease in the reserve of strength in the motors.

The losses of electric energy in motors drings aboui. myplennnryl
losees dependent on them in the circuits for local and general use, in trams-
formers at substations, and for one's own needs of electrfic stations. The
multiplicator factor of .lﬂllel gb) in motors from supplementary los:es of en-
ergy in power systems on the average in the USSR should be taken as sbout

equal to 1,35, and in geparate cuses where there is considerable loss of
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ele:trical energy in circuits it can amount to 1.5 or more. .

The 1l0sses in motors and the losses depending on then in power systems
is compensated by the vroduction of additional electrical energy at the power
stations. They should bde transmitted, converted, and distriduted in the
transmission lines =nd in the circuits of gener.l and local uu.. For com~
veasating these losses the pover of the electrical stations .nd fuel ent-r-
vrises should be increaced, Correenondingly there should be increases in
the vower systems »nd circuits Hr general use by consumers. The
combined major outlays in other branches of the people's economy according
to lending indices of the determination of the economic effectivenees of
major investments should be taken into consideration. The greater the
nunber of hours of use the more rational the increase in the efficiency of
the motors will be, Tor example, in increasing the efficiency of a -ynchr;b
ous motor with a power of 10,000 kw of the converter unit of the main drives of
rolling mills from 96 to 94% its cost was increased, but not dy more than
14 times, 1. e., MOt more than 25 housand rubdles. The expenditures, how
ever, for equipment at the electrical stations, power systems, ~nd fuel
enterprises for 5,000 of use were lowered by 82,9 thousand rudles. The
example cited shows the great effectiveness of 1nci-ene1ng the efficiency of
notors,

The higher the power indices of the motors the lcss the heating losses
in them will be, and the lower under stable equal conditions the level in
thc; of heat stress on active parts. The lower their heating the greater
their dependability. |

The following ror;uluuon of the rule for the period of service of the
ingulation of the winding of motors as depends on the heating 1s known:

*Nith increase (decrease) in the heating of the winding for each 8-10°C
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the period of service of the insulation is decreased (increased) dy a factor

or 2."

This rule can be exvressed in another less well xmown formulatioa:

*The pericd of insulation of the windings is inversely propor_nonl APDProx-

imntely to a fourth of a degree of overheating of the winding adove the

neninal rated temperature of the gurrounding mediums.®

The results of the computations in the apvlication of these formulas

are aporoximately ideatical.

vhefo T is the per-iod of service of the insulation:

T1s the excess 0f heating in °C,

By using the second formula ve get

=) @

By taking into consideration that thn excess of heating of the motors

under stable equal conditions in great measure is proportional to their

power losses, we finds

T,

=G~ (-

__'.._(l —‘.L e
%Wl —v,) *

(9)

In Table 3 there are shown averaged data for the change in the period
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of service of the windings of the
motors and the devendadbility of
the windings and the dependadility
of the AC motors in relation to ma-
Jor overhauls with an increase
above B7% of the mean weighted of-
ficiency of the motors working ia
industry. .

Tadle 3 is conmpilec in accord-
ance with !'abl-u ]l and 2 and the ex~
oreseions (5) and (9). The data in

Table 3 are aporoximate. However,



they ure based on the theory of probadility and mathematical statistics, and
are therefore trustworthy.

The commuted coofﬂ’chnto are chosen in such a way as not allow one to
exceed the corputed data. As foliovn from Table 3} in raising the mean weighted
efficiency of the motors from 87 to 914 the specific operational outlays for
1 kv of poQor of installed motors aporoximately should be lowered from 10,2
to 4.0 rudbles and in raising the efficiency up to 93,‘. from 10.2 to 2.5
rudles.

In Table &4 there are shown the total outlays for maintenance and repairs
and also the numerosity of the versonnel servicing the motors in industry in
the USSR in 1965 as depends on the level of efficiency (dependability) of the
motors,

Table &4 1s compiled in accord- Tadle &

ance with the data of Tables ¢ and [Mean weighted|Numerosity off Total costs
efficiency of|personnel ser for revairs

3. In 1t 4t ie assumed that in motors in in-|vicing motord andmmainte-
dustry, % in industry nance of mo-
1965 the power of motors installed thousands of | tors and lose
persons froa stoprage
in the USSR amounted to 165 mil- of notors, bil-

lions of rudles
lion kv, It ir assumed that the -

7 400

1,8

number of personnel occupied in :g 2“"; ‘l”l::
' %0 195 0.67

the overation and repairing of mo- ?r.lt :zt: o,.f:'r
. 0.45

o 128 0,35

tors at the present level of de-

pendability of motors amounts to 40O thousand persons, i. ¢., it grows in
proportion to the increase in all workers and attendants occupied in industry,
Besides it 19 assumed that the ocutlays for repairs and loss from stoppage with
the dependabdility of motors corresponding to Nep = 87% increases proportional-
iy to the installed power of the motors. It is consicered thut 1/3 of all

outlays for the maintenance of motors does pot depend on their dependabdility
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Fig. 1. Capital outlays and outlays motors in industry in the USSR in

for operation of motors working inm 1965 with different computed periods
industry (referred to 1961) as de- for the supnlementary capital outlays
vends on mean weighted efficiency. to pay for themselvea,

but 2/3 are vroportional to the withdrawal of motore for major repairs. All
the remairing expenditures and loss from stopouge are taken as oroportional to
the withdrawal of motors for mJorlrepnirl.

In thie way the increased vower indices not only lower the expenditure of
electrical energy and the outlays for the building of supplementary pover of
fuel enterprises, olcctrio-poyer stations, and energy -yoton-; but ..mm-n-
eously 1ncroglo the dependadility of the motors.

The combined relationship in the people's economy in the nssg betveen
the cost of motors and the cost of electric pc;vox; is different from the same
roliuonuhip abroad, In the USSR the cost of electric power is higher thas
in the capitalistic countries (on the average in the USSR one kw-hr amounts to
1—1.4 copeck and in the USA to 0.25—0.27 copeck), but the cost of motors

1s less (in the USSR 0.5=1.25 rubles/kg and in the USA 1,5-3.5 Tudles/kg.
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Thie difference is not accidental; it is bSased on the peculiarities of
the socialistic peovle's economy in the period of steady electrificatioa
with i%s high profitableasss ~nd mass vroduction of motors.

Therefore if the mean veightel efficiency of motors of BN--89% in some
me~.sure is profitable under the conditions of the USA still the mean weighted
efficiency of motors of about 87% in no measure corresponds to the economic
conditions of the USSR,

In Fig. 1 there are shown the results of a computaion based on the need
for consideradly incre-.eing the efficiency of motors. The curves are coa-
posed for installed vower of motors Pp = 165 million kw, 4. e., for the in-
dwtry in the USSR in 1965, #nd in accordance with the formulas

8K, =P, 2% p :: K, lpso).  (10)
Ky=PK,|2,Z% 2~ l_]x

I 2500 - w)] [py6.)s
vhere AK) and K; = 200 rubles/kw is the reduction in outlays and mean svec:f-

1)

ic outlays for the building of glcctne— bower stations,
tmmtnio; lines, and electrical networks for general
and local use:

h“: 1,500 br and b, = 5,000 hr are, respectively, the number
of hours of use in a year of motors and electric-vower
stations;

Bz 1.351s the multiplication factor of the losses in motwrs ;;nd
electrical aystems andfor one's.own need of electric-
pover stations: - .

!A is the cost of.doctric motors takxing into account the
expenditures for suvvlementary major conutmtléu;

‘40 = 12 rudles/kw is the average specific cost of moiors ina
in 1965 with 4, = 0.87.

IID-TT-63-35/1 ¢ 2 19



Pig. 3. Curves of the specific expen~

ditures of wire materials 423 the in- .

dustry of the USSR (in accordance with

the equivalent of copper) for 1 kw of

pover of motors deing manufactured, as

aevends on their mean weighted effie.

ciency. 'be expenditure of coyp'or ia
notore?
My=My %—:{' 37 1 — 0025, — 87 (l1a)
wl;e.ro ilm = 2.5 kg/kw
expex.zdituren of copper for repairs:
My = Mo 5 = My %‘.-r:;‘::,l].. (v)

where "po = 1 xg/k2;

econony of copper in electric systems:
A.‘u,f..u;ha??, (11e)
. where a= 4.8
Mo ML+ My — a0y (2 'xem} (11a)
The expression (11) computes the increasse in the cost of motors as
doubled for each subsequent incre.:se in the afficlency bdy 4% zna decrease
in the requirement for manufacturing motors by 5€ for each increase in ‘the
efficiency of 2%.
f’he decrease in the expenditure for the Building of fuel enterprises is
deternined by the formla .
A= G+ Gt c.+ L —"#-—M', (12)
wvhere AK, asd Frz 60 rudles/t is the decrease in the expenditure and mean
spe specific outlays for the duilding of fuel enternrises,

for 1 ¢ of conventional fuels
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d:zos- 10" t/kw-br is the average specific experditure of
conventional fuel.

The values Ky, and Ky are taken im & cordance with the cata of the 7-year
Plan 1959—196S. The curve Cp + Co + Cn 1s plotted in sccordence with the
data of Tadle 4.

The lcurveo of the computed exﬁenduures 1’3 in Fig. 2 are conpited by
the formla

=p \“it ‘. -
‘Kf ,. ™" '.IA13'I”°°]' (13)

where T is the period for the expenditure to pay for itself.
The curves of the expeditures for wire materisl in the people's economy

with change in the efficiency are shown in Fig. 3°*°.

*sThe conclusicn of the article will b2 wblished in the following

number,
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