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S« CIBNTIFIC-TECHNICAL PROBLEMS IN ELECTRIC-DRIVE 
AUTOMATION BURINS THE CöRRSKT SSVSN-XEÄB PLAN 

/following is th* tranalatioa of an article 
bj M* S, Ohillkin and I. I. ?$tiw entitled 
nNauohno«?dl:hiiloh#8klyo Fspobleray Avto&at-lssl- 
rovannogo Elafetrcprovoda v T*fcueheboa Stal- 
let iiw (ghglish Tension abova) in Ar&omatika 
i Teleaolrhanika (Automation and T*lem*chaniBe). 
Vol. XXI, Wo» 2, 1960, pages 161-166^/ 

Xhe.grandiose plan approved by th« XXI Congress of 
the CP8Ü for the daveiopsaaat of the people's'economy of 
th© USSR in 1959-1965«, sirrls&gts a broad-äoal® increase 
in tli® production cf labor on the basis of Increasing the 
ol«ot3Piflotttlon and satomatioa of industry« Sinoa the 
electric drive is the basic typt of machinery drftre» 
electrifioation determines thd'degree of mechanization of 
manufacturing« A direst relationehto ©.lists between the 
electrification of work and productivitys during the last 
ten y$ara the productivity of work Increased in "the indus« 
try of the U35R approximately fey tfca easa* percentage as 
th@ Inerease of Its eleotrlfie&tiozi« 

By electric drive ws mean & complex Installation 
which tmnsforas ©leotrical S£«».pgy into mechanical energy, 
which may be controlled electrically. 2a. aona«ctIon vith 
thia, tha furthar davölopment of ©leetrio drives should 
go in the direction of performing all forsas &nd typse of 
movementß without the uee of meehaaieal elftrnents (rotary 
and ts^uaslationals continuous, interrupted» pulsing, 
following; unlfona, aoläeo. or continuously varying'«oeord* 
ing to a definite law cr arbitrarily}* The developaent of 
the electric drive should VBnä&r possible the expansion 
of itß functions in automatic control and regulation of 
production- equipment systems (control of starting, rever- 
sing and slowing down of production sftohineci; maintenance 
of constant Bp®&&9  torque, power; control of production 
machines according to a. certain program* öto»), 

Tha soisnoa of eleotrie drives wag fos.sioally founded 
by Soviet aoientlatg, and At th« present tia© this branch 
of technical knowledge hag bean developed into an independ- 
ent diirisien of «leotrieal engineering» Highly advanced 
©leetrio drivoa hava b<ren'developed and are "'widely used in 
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the influßtry of the USSR, The total volume of scientific 
research work be Ins; done in scientific research and develop]- 
jment Institutes, higher educational institutions, the 
design offices of manufacturing enterprises, and othör 
organizations is, nowsvsr, still inadequate» Many pro- 
blems of electric drivest  which are of great Importance to 
the economy of the country, are not yet solved« 

The* development of a cheap variable»speed alternat- 
ing current motor" drive is on® of tho .primary problems 
which has not been solved«  In this respect* the develop- 
ment of simple and reliable methods of frequency control 
of a~c motors* particularly the development of a-c current 
supplv sources with variable frequency become very impor- 
tant/' the principal attention here should be given to the 
development'and investigation of static frequency ©hangers 
usiatff ionic* electronic and semiconductor techniques. 

Somewhat better results have been achieved in the 
develooment of variable speed a-c motor- drives with choice 
control.  In recent years, a number of such electric 
drives have been developed and supplied to the industry, 
and the scientific and engineering computation techniques 
have also been adequately developed for them«  But the 
rarste of acnlieatlon of electric drives with choke regula- { 
tioii is somewhat exaggerated, and this has sometimes led toj 
incorrect decisions in the choice of" drives for industrial 
machines» Thus, for example,.this drive was used without 
sufficient justification for excavating machines of medium 
capacity.  Low engineering-economical characteristics and 
unreliability of service were the result» The  Government 
Scientific-"Technical Committee of the Council of Ministers 
of the USSR made a special decision recommending the dis- 
continuation of equipping excavators with this electric 
drives and the use of variable speed a-o motors instead* 
The application of this drive for railroad scale cars was 
also unsuccessful.  Obviously, it Is necessary to deter- 
mine the correct limits of applicability of electric 
drives with choke regulation, with consideration of their 
relatively low conformance coefficients for wide-range 
and prolonged speed regulation in industrial machines and 
the load characteristics of these machines, 

A further investigation of the dynamics of the 
choke-regulated electric drive is needed.,», taking into 
consideration the nonllnearity of its separate components 
and problems of heating of the drive in eases of cyclic 
variable loads* 

The intensification manufacturing processes 
points to the necessity of developing electric drives 
■with squirrel-cage asynchronous motors for manufacturing 



equipment operating with frequent starts and rererstngs» 
This problem* however, remains unsolved.  It is neces- 
sary to develop a modified series of asynchronous motor, 
based on the existing series and ©quipped, with heat-resis- 
tant insulation ana longer rotors calculated for '& high 
switching fr-equenoy; design methods fox* these drives with 
frequent starts and reversals must be worked out alone« 
Special attention should be gi\*@n to transient processes 
and to the ..problem,® o;f heating in those- art res* 

The state o;f the Investigation of operating charac» 
'teristice of a-c drills supplied with current from auto« 
'Romous sources of actual power ha a advanced soaawliat* But 
even here, ßianj problems related to Increasing th© power 
of asynchronous motor's driven by separata generators must 
b@. solved also«. Special attention should be given to the 
.{problems of pssooes© dynamics la thee© drives. 

Problems related to tb.$ appl.t0atl.0ri of synchronous ] 
motor's for- constant«speed OF variable»speed industrial 
drives should ha  Investigatea farther* *Th&  Introduction 
of eel A» starting motors s "and aotors starting -with dead» 
connected axoi'ters k&ss widened somewhat the« field of appli- 
cation of synchronous s»motor drives« But in spite of their 
epeoifio properties and high 'performance indices;, the 
synchronous motors are still sot widely enough usacU ffaöir 
wl&or application for  •i.adastrial«iaachia® drives could 
considerably iaersas© the coefficient of efficiency of 
electrical installations and ensure siore rigid mechanical 
:öfc.araoteristiee of th.© electric drive over ä wider speed 
[rang©* The application of motors with a shifting staler 
jpereiia solution of th© problest of etiaft synpha.8lng9 etc# 
SFor .the above reasons* research cieallDg with the invosti* 
gallon of new araas of application of synchronous motors 
op era ting with constant or variable speedas and, with' pro- 
blems öf their automatic regulation should b© of great 
[interest,  For example» the problems of economic spe®& 
regulation of synchronous motors by frequency v&ri'&tion, 
and problems of automatic control of excitation for motors 
subject to shock loads ape of importance Ü further in» 
Tsstigatiorx of transient proeesse-s in synchronous .electric 
ir-iveg and development of scientific methods for- calculat- 
ing these 'processes are nsoessarj* 

Numerous problems of variable™speed d-c electric 
drives also require clarification* la tli© widely«used 
"generator-motor* (G~D) sets, only d-c motor's with shunt 
excitation are useeiU an.dth.es© are less adapted to torque 
overloads than seriee or- compound motors* The application 
of high-power semiconductor rectifiers, connected into 
geries-e-3cc.itat.ion windings renders possible the conötructioA 



f- iof a new., tyre of set with Improved dynamic characteristics, 
| Analogous Systeme can also be designed with current feed 
I from controlled mercury rectifiers (URV). 
i Substantial  s 
'me-nt and srmlieation of 

;ees aas be achieved in develop™ 
e.i drives with ionic rec< 

tiflers (for nonreversible -variable*speed drives)«, A 
significant improvement In the dynamic characteristics of 
the tfßenerator-notor" syrten la achieved by the use of 
variable mercury rectifiers for excitation of the system,, 
But the development and application of these eystears Is 
progressing very slowly 

cici" p i ?n-' r*P m tp difficulties are  encountered In the 
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atpllcation of "mercury rectifier-motor" Bystems for 
reversible drives.  In connection with this the further 
development and investigation of automatic regulation of 
icnic electric drives, where the ionic converter must be 
considered a part of the over-all control system, are of 
Igreat Importance.  These systems must have a high-ft-factor 
and oulDk ros'Donse,, ana provide for operation in the rec« 
jti lying and inverting regimes with a low power consumption 
fcr control, 

The development and investigation of Ionic drive 
systems which increase the power factor en 
speed control paQ?e3 and of systems of " * 
tion of the power"'faetor of ionic sets are necessary in 
order to ensure the most advantageous conditions of elec- 
trical energy supply to industrial enterprises» 

Increasing" use has recently been made of magnetic 
amplifiers in electric drives.  xhsy are used in "magne- 
tic amplifier-motor" systems,, In generator-motor systems 
Tor controlling generator excitation, for grid control of 
isrcury rectifiers, and also as intermediate amplifying 

<ec opponents* 
The application of semiconductor amplifiers^ which 

j&re used mostly as preamp stag© together with dynaaaoelee- 
{trie and magnetic amplifiers, has alao expanded»  But 
1st 111 the field, of application of those new amplifiers is 
|not yet distinctly defined,.  It is definitely necessary» 
kewever, to replace the dynaaoalectrlc amplifiers in the 
krive systems with the more reliable magnetic and semi- 
benduotbr amplifiers, which also hare a longer useful life« 

At the same time, it is necessary to work: on 
problems of developing high power eemiconductor rectifiers 
fcr "seraiconductor" amplifier - motor*' systems,» and for re« 
gulation of generator" excitation in the "generator-motor" 
system«  New"automation equipment {dynamoeleotric and 
'önpnetic amplifiers» semiconductor and electronic devices) 
renders possible the construction of highly efficient 
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1 control systems for electric drives which permit maximum 
1 usage of' machinery and precise maintenance of a specified, 
\ schedule of movement a, etea  Here the so-called opiisma 
jcontrol systems, which achieve a minimum operating time of 

isiJU 

1 ft? 
driven mechanism in the presence of limitations of path 

cesleration or heating, acquire special i iöiigth, veloc: 
importance. 

The investigation of transient processes in such 
basically nonlinear systems is very difficult» At the 
present time it is quite possible to solve these compli- 
cated problems by the methods of mathematical simulation, 
. „ „_ .?. „j. ...    ,s,   -^ .*, "V       "8 .5     .ft  /.  _ '1 s «w ,. j. usx riff or ci.i computers»  Hovever. these pos« 
sibilitiea are very seldom uesd for the development of 
automatic electric drive systems»  This can be explained 
on the one hand hy the inadequate number of such computers 

! available to the scientific-research and design or^aniisa- 
jtlons and, on the other, by the lack of scientific"and 
Jengineering personnel acquainted with these methods of 
mathematical simulation.  The training; of engineers in 
jthe higher educations.!, institutions to specialiss in 
[electric drives is also unsatisfactory« " Up to" the present 
[ time all textbooks on electric drives have hoeri based on 
ion the classical methods of investigation and do not pay 
|adequate attention to the more modern methods» including 
imethods of mathematical and. physical simulation»  In the 
jlaboratories of the educational institutions» no provision 
Has be&n  made for work with computing machines,  In con- 

fixe ell oi with this the most important problems requiring 
attention are? 
p     1/Equipment of scientific research and educational 
|institutes and design and other organizations with 
fän&log and digital computers; 
j      2)Keeping the scientific and engineering personnel 
mp to date in the fields of mathematical and physical 
|Simulation; 

3}Parther development of scientific-research work 
for transient processes in complex automatic electric drive 
(systems constructed with the use of the latest automation 
equii 
which f?-uu 

piaent, and on modern., essentially nonlinear systems» 
arantee optimum transient processes in the electric) 

drive; < 
4}Kodsrnization of courses dealing with electric 

drives and related subjects In higher educational institu- 
tions in order to deve lop saors modern methods of theoreti- 
cal and practical analysis of electric drives; 

5publication in the next few years, of textbooks 
on electric- drives which provide a transition from old 
methods of Investigation of the dynamics of electric 

J 
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jsteody prooesses xn electric drives with friction ooepli 
?    ri.iJ'J.    LiTJÖ    proe.LOrS    01'   OSdXX i,at A0U    dauCiUp 

en electric ihn ft oyster equipped with frequency eonver- j 
tore an.ä double-feed naobines nust also be developed»  b ; 
general theory of the electrically-coupled multiaiotor drive j 
for nairtaininn; constant tension 0;J the processed material ; 
in. n continuous technological process hse not been ievel- j 
ooed uo to the ere sent time* ! 

notory attention has not been riven to the 
nanufreturn .and anolicaiion In automatic electric drives 
of the various eleetroaappetic coapllnpn includiny those ! 

with ferromagnetic charyea,. Their* use' nay load to the t 
construction of efficient eleetrlc-drive systems, 
especially those adapted to smooth starting» acceleration ■ 
of large inertlal masees, torque regulation, speed regula- j 
tlon, etc» They can perform functions of brakes, dynamo- ! 
meters«, location locks, torque limiters» etc* Art present, I 
electromagnetic couplings are relatively widely used only 1 
in machine construction,, The experience rained in the ' ; 
ranafoetune of nachtue tools should be extended to other ; 

fcr■."aohes of the notional, economy. It 1.3 necessary to 
—nope in severed, research projects directed toward ; 
clarification of the possibility of constructing efficient ■ 
electric-irive syereue with electromagnetic coupling«, for 
divorce iynee of production raechonisrs, 

/•"or   '•'"c'A'i'T    7f;'U'3.     d"i r "f'^Ve nt    Ore VlfO; f ';   cv*""    1 "iMpa hi1'-?       •■■■;■■,■ 
n.rtiealarg the necdine-building industry, here been 
aiciig'g the problen of developing n drive for reeiproee- 
■; er vibratory notion«  However, this problem otiil 
■ins unsolved for practical purpose»  The scientific- 

research oroenisations nusi intensify their research in 
order to d eve loe a reciprocation: electric no tor and- auto- 
oaoillatinu systems eith a siruote system for "     '  * 
of oscillation amplitude and frequency« 

i, n 

c o' 
0 I. ( 
re; 

toe coneroj. 

conts.inine elastic nenhers can 
be^of gre^t interest to the theory and practice of electric 
drives»  it present all nenbers of a systen are considered, 
as being ideal solid bodies and., therefore, processes in 
nhioh deformations are of importance are not considered at 
all*  Deformations of elastic aenbers often lead, to consi- 
derable errors«  In connection nith this, it aeeras 
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expedient to wrk out general methods of analysis for auto- 
matic control Bjgt&ms containing elastic iiOEboi«is and to 
solve the pT&hlms. of synthesis of ©l©ötrio änives and 
didvs^oontiool systems "for moöhaniems witit elastic members« 

Certain theoretical problems of »seating in electric 
drive »till rotasin imisolT©d» although this theory has 
adranced considerably during reeent yö&rs*    Fox4 examples 
further study of tn© pnooossoss of ho&iisg Of a-o motors 
for normal opop&ting oondltions? ineXu&ing aeyxemetrical 
feeding of ih¥t$$«ph&s,.e asjiiohronoue motors is &®s&©&* 
Farther investigation should be- isa&e of pK-folosm of ©lee» 
trie motel* h®atlng in transient processes and during 
©yoling loadings, i&^iog th© aging of tiie insulation Into 
account»    Tfa® gtuclj of direct application of the lieat- 
eon&uetlon oquotions to ikoraial calculation® for electric 

'■motoTB gaonld also fco continued* 
! Many p-nobles« öf ino aioTO-driore nuat bo solved* 
fTbis field has "bosn studied Tory litil«^ although it is 
[©inancling mpiclly*    Killioos.of ©ioötriü motors will be- 
neoSod In in© neit f#"? years for SIIüPO «Xriir©»,«    In this 

jconnection it ig, neüosaary to 'continue tho 4©T®l'opsient of 
economical Byetemg for existing sioFo^dri¥ea sind the 
impno^eissnl of their reliability and quietness and pr^ci« 

j»ion and also to iüO'oesno tos yeoponso speed of the Micro™ 
I drives applied in automation systems* 
I A ti^en&oue role is being piayeo by tho s&o&ern 
I el®ctri« dr'ives la automation syätosts fos* production pro« 
öessos*    Especially important is tho progmmmod control of 

|the oleotrlc drives of separate ©ooasniiss and aggregates« 
jSome  suasesa hag recently bees aöhieced in tno introduction 
|C>:f progrs'snaed control eysfcesis into a n?imbo.o of laatal^work» 
fin^si'll»*  the pnossnrs issebaaisM® of roToroslng rolling 
fialllSj and sleotrio driTaa for blast-furnace efiangtng*  etoi 
| Bt.it the gone] to of work in tho field of developing 
anc! vidonlng the application of progpooaaei control is 
UBSStiBfoeiony«    $a¥ automation equipment  CsoEieonduetor 
and magnetic elements) is seldom usod and the latest 
aohiovosorits in solf-a&jlisting and solf-initnieting ays« 
tesa a» «flootod Tory little*    As a rulo tli® prog? ling 
systems presently in use are operating on :- rigid programs 
which do not always satisfy the technical specifications 

:for to© prooess under conditions of varying external 
: disturbances. Application of systems whioh ano abl© to 
correct the program automatically in soeordsnee with chan- 
ges in the external Influences! on the operation of th® 
aggregate' will render possible the most efficient regimes 
of operation« 

An important obstacle to wider1 application of 



automatic control in mechanisms equipped with electric 
drivea is the imperfection of the existing positioners of 
the machine» elements and the processed material» Another 
handicap is'the imperfaction of the relay-contact 
devices, which withstand only a limited number of 
switchings« The number of switchings of contacts in auto- 
matic machinery lines reaches tens of thousands or some- 
times hundreds' of thousands per hoar, vhioh drastically 
reduces the reliability of electrical control systems. 
In connection with this, ths application of contactless 
automatic control deviceö using the highly reliable 
semiconductor and magnetic elements is gaining great 
importance4 

Electrical apparatus used in communication systems 
is not used to the proper extent in control schemes of 
electrical drives in a number of industrial processes» 
It 1B necessary to ass these devices, which have small 
dimensions and high reliability, on a langer scale. 

In oncer to accelerate the mass application of 
modern automatic electric-drive control systemss the 
electrical industry &ugt quickly familiarise itself with 
the standard elements of the new control systems, includ- 
ing digital and programming systems as well as complete 
control system a for "standard, electric drives» 

fhl.8 iisting of problems in the field of electric 
drives iß far from complete and encorspaaces only the 
Probleme of highost urgency,, 

2181'- 
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