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TPAL TASKS IN THE SPRERE OF AUTOMATION OF THE CONTRC

THE PRINC
AND DRIVE OF HACHINES

18 and progressive developmert of Soviet mechanical engineering has be

ing to sutomation of the technologh

cxbensive use of eleciric drive, hydrsulic drive, avtomation and remobe

cupilitiés, Sovied scientists and gnginesrs; in collaboration with prodace
ioaoators, have during the-past fey yvears crsated many uew designe of
high-production machines, incinding machines with automatic electric;

. and electronic eperation; types of automatic machine tool lines

Qe

1 theory of electric drive and

tomabic plant in She worlée
i, which generalizes and guides pracs
115 heen develepsd im the USSRs

. the success achieved, howsver, b are 5%ill serjous shortcomi

' Gevelopaent of drive ané sutomatic operation. For example, q

. work being performed by various esteb

yranch seieatific research insti-

re

scadsmy of Solenves of the USSR,

gities, and indugirial enterprises in the sphere of application ¢f
¢ hkave noi been satisfastorily

s in -mechanical engi

Lt

work of scientific in

[

sanges nof-produciive gxpendls
s and in individnal 7 ipdustry, technical

of drive and aubomatic cperation, regerdless of thelr

v, remain Littla-known, and are net utilized-in othew

ions of the Academy of 8¢

etty, unimportent subjects

o

i$h gresver success and in less

¢ ressarch insti sctly by the industrial enter

zionally encounters in the gub
sranch i ¥ the scientific establishmenie of

af Sciences of %ae R sre compatent to solve.

a0 .olear=cul pers ive plan of the development of

" .
03

3 processes. of production machings and |

.,C«;‘

4 fundg, In cerbaly sei-
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oub, the path which the progressive development of automation of technological pro-

oEEges mw

5 henceforth follows’

Tl Tases

rch orgsnizations have not been bound cloaely'ehough to practical work.

o which large sums of money ave spent prove unsuitable and useless at the

apt bo put them to practical use,  Such works are usually consigned to the

e & large mumber of valuable proposals, theorétic works, and scientific

s3 are not adopted in production as 4 result of underestimation of their

qee by practical workers.

shortcoming in the matter of development of drive pnd sutomatic oper-

lack of due attention on the part of the electric industry to problems
g mechanical engineering with what it requires iﬁ the form of electric
thines, zpecial ﬁyp%s,sfvmachinesy electric equipment, éoﬂtrol devices, and com-
2 for automatic and remote control, The Ministry of the Electric Indust
sven t0 participate in a conference, zad the lectures on the préduction
of elessyic squipment for mechanicsl ‘engineering by the plants of “this Migistryﬁ

arejeetad hy the organizational commitise, have not been given.

21 section of the conference on automation of the drive-and conmbrol of

| machines sa3 bsen prepaved in order tc merk out the way towards elimination of the

s listed above and to formilate the principal tasks and directiens of

rovement and development of automatic drive and automatic control systems,

lag well as to throw light on existing achievements in this field of engineering.

of thig section includes lectures embracing the following basic questivus

an of the drive and control of production machiness

i) ihs problem of regulation of electric drive by the introduction of ion-

i 2) "gequence of switching on current in fthe gystems of electric tracking
irives, aplied to duplicating metel-cubting machiness

z) ovoblems of drive automation and its prospects;

ihe baslge.tagks in the field of development of automatic hydraulic drives,
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questions of drive and antomatic eperation in mechanical angineering, a plan pointing

The paviy and the government daveie an enormous amount of attention to. strength-

yne tiea between science and production. Thus far, however, a number of scien=

4, many scientific research works in the field of drive and antomatic oper-
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mcluding high-presaura hydraulic drives;

5), problsms x‘alete& to cam- drivea for aut‘c;ﬁatié'_maah;x.i‘ea-_ and.'i}fi{lése
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1_/ ' o .F1@¢?"onica ig. playing an 1ncreasingly greater part in the develepmgnf Qé:éuﬁﬁﬁ
&a%ioﬁ of nroﬁuction procasses‘ It is employed forfpurposes of direotion. 0f pfoduCr
$ion procésses, eontrol, regulation; and various meaaurementso Llebtronxo ﬁevioeag

M | cince thoy ave highly sensitive, lasure that-gpecified»Operationa wiil-bérperformen

Cwith grest adouracy.

Ela«nﬁenlc devices in systems of automatic drive and direction of mgchi%éé are | i
:*7 17 3hﬁ apity of cases. the connegting link beiweer the directing m,mbsr, i;”ﬁy an
ngf v, and the pepforming,member.(relayo switch, electiric motory elootrdmagﬂetg |
= tic ® pling) - The use of electromic cannactiona eliminateslthe»nécesaiw )
: j jhg of ewnloying complicated meghaniosal or olher uransmissionsg reduces the amnunt of e
g ﬂwitéﬁwzaiay asquipment, an@winsu:es continuity of direction. . The: electrnnic devicec S
47> nampRives are ﬁimple‘inﬁproducticnynsince they erve made up ghieflyfef'fihiahedr. vff_i
: 7 ;afzally or mass-produced articles. R T EE urt
- gnaractsvlstica of electronics mentioned deuermine “the extensive. possibilz i
T bige fox 58 uyaliaation for automgtion of. the-technological processes of. machinix 1 = é
— ‘m&balé in § Lation .bo any parameters;. . COUrse; speed, time, stiress, form9 and’ dimen- | [N
'andns ¢ chined paris, Thus, for example, eleotronlc devices are successfn1¢y g B
sloyed for sutomabic direation of the feed drive in duplicating machinés;jautcmaﬁko

| somtrel of the dimensions of an griicle in the procgss. of itz machining oh eircilar

228 honing machinés,-atress control in deep drilling nachines and in the
ahef fstem in heavy screwscuiting lathes, where  the thread:cutting oper-
- performed without-a rigid kinematie: .connection between ihe- apindle‘and
g resty whareby acouracy of thread Gusting and simplification of the e

. of the maching. are.insurede - -

sronic devices. have been employed on s lsrge scale, in automabic machine

ine aubomatic plant build in the USSR for the production;of automoBiie ple-

zoaipped with & numbei of glsctronic devices for.various: purpesess

; A wijustakle-dop. drive, whigh,.combined. with a.highly-sensitive: syates of ele e

pexform varicus operatlons w;th.great aceuracy, imeluding aubcs

in accordance Withxglfixed“rule, occuples a propinent position amongthe va;a -

SR,
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o1 by veliage gnd current. The pbsa;biiity of changing speed within wide limits (by

- 9liming

a machinv

‘procaas of . machinipg & parto, f,! WL

As wg know, operation with the natural mechanical aharacner1a*ias of an ion

drive iz unduitable for the,mechanxamvaf a maghine in vonsequence of their,inéuffxci~

ent rigidity.

A greater rigidity of the mechanical characteristics is aqb@eﬁéd by

salfmsta%ilizaticﬁ, shich is scoomplished through regenerative qouplings'bykéﬁaed

tamz and hundreds of times) iz insured in the same way.

syaten of continuous slectronic direction of a drive makes 1t possible to

ohtain ihz most favorable ohar&cter of the co&rsa of tranaitional prosesses bn the

iscore of tneir rapxdi*vp aﬁeathneasy absence of abrupt dynami¢ shoaks, gis. The con-

|giderabiec reduction of the number of gear transmigsions; and occasianally even their

! ontirely, achdeved through the use of automatic electrxc regulation in

plage of ahepwisa changing of ap@ads, promotes increase in she vibration stabzlity

Lof A msohing, agd'oonsequently also improvement of the quality of machining of paris.

In, te¢ solution of the problem of‘creating the most rationsl syétem‘of a@iém&ta
“drive, the mpst‘;empting»idﬂa ig that of creatiﬁg an adjustable alternat-
g ourrant =Lectria drlve with an ordinary aaymchronous electric motor with & shcz,r
ircuiied rfotor. As we know, this type of motor is the aimplest, most inexpensive,

4 moei “‘ll&bl@ machine ln operatiouo However, repsated attempts to create such a

ot ended in positive results elther in the USSR or sbroad,

The drive dystoms proposaﬁ by variousz suthors have probed very complicatsd or

inet suf antly perfected in their performance features. For this reason, the prob-

i
1
H
r

)
|

mooE

ting an adjustable aitq:nating gurrent ion drive remains very pressing

rand requives the most serious atfention,
At the present time, the basic form of sdjustable drive is sbill the electric
rive wiilk dirvect current motor; The methods of regulating the speed of such an els

in an ion drive system ﬁay be very diverse; . for example, by'chapge:ofhth&
neturs roliage, change c@'éxcitation'flux, or a combination of both in one drive,
: imown of .employment of electric iom drivs, with rheostat regulatiop,  Foz

in one foreign upright milling machine, the armature and exciting winding;

icus'@lect*omic-deviﬁaen Suoh a system of drive makes it poaaible to anooupiish aﬂdyy

SFoRk  13A  DISSEMINATION FORM FOR INTELLIGANGE TRANSLATION
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_Gf the aimctric motor of ‘the mplndle drive ere feu through one uﬁoontrolleSTKmn rece
114@v5 rnd the motor spead ie regulated by a rbeostat in the armature dircuiu° The
1r1mlﬁivmnag$ and uhortcomlnzs oi snch a drive systam are obvious.

In ¢oruain foreign maehxnes, regulatlon ‘of the speed of' revolution» £ the motor
v fands the motcr armature; ‘his method of regulatzon has th

of thé’diivé in the power circuit. In this case it.i8 necesdsary b use

ss equipmenty serious diffioulties arise in achieving mechanical f

.‘:ié&,rigidit&;“and thers ie no pessibility of more Tlexible cdﬁffﬁiwéf the
$nnal ngncegqgéc&:f-"'f Pt
The bast operating quaTitlus “of ‘an adjustable slectric Grive are aohieved thre
af cnntrallad ion devices which feed the armaturs. of the electric motata

»Jied and uncontrolled discharge-tube or elenium rectifiers.are emnloyad

VG system for feedlng the ezcltlng winding, depend;ng on speciflc Pequt*nn

i
R,

Phe princigal. dxs&dvantdbe of &n-adjustable electric lon drive with grid eont:m;

sd voltage feeding the motor armature is.the ﬁharp drop in.theé poweé fag-
ke drive when the motor spae& is reducedc‘ This. is: axplained chiefly oy ‘the
creasa in the reutified VOAL&@@ fed to the armature of a motor ia :

ing in a oorrespun&lag increage in hhe angle of dieplacsment of the maim ime
f the rectified curr@nt w1th resnecf to tne dnéue voltageq‘,lé‘ howeve ; ‘we
toke inte sbnsideration the fact that even in an eleetric drive with a nechahical
txanéfn 7 on the generator - moter (G - M) eysiem; the power faetor‘and the &f£€i-
. ciio drop sharply with reduction of speed and that its effiéiency;is'leés
1 ioa dPive, then we see thal, as studies o1 the Experimental SOientlflc R |
itute for Lathes demonstra‘se, the ion. and. mechamcal drive aysteme dre
aquivalent in fheir poﬁér features. |
ig- convenient in this instance tc nake use of a generalized power index --

i

ioo0f the uaefu- power of a drive P2 to the full apparent power P]

DISSEMINATION FORM FOR I \JIELLBGENCE TRANSLATION
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Flgure 1. The funotions = £{M) for ion and mechanical slectric drives

1.~~ ion drive; 2 -- drive on. he generator - motor system. -

Fignre 1 shows the funetion ;g « £(M), obtained b& experinental compuation, for
both driva r,ystemsv with the same iunniﬂg 15-kilowatt electric motor» As may be sser
%from the Lllustrationg in operation at higher speeds this generalized power index is
vetter with the ion drive, and at lower speeds with the mechanioalkdrtve,- The curves
) imf the relation of fg‘ to the speed and load of the electric motor show that the
: P e RS :
‘power indicés of the drive in this instance should be estimated pith averaged effici-
ancy (wel hmd mean valuss) and’ power factor, |
Ancther dLS&dvannage of the lon drive with grid control is the presence of cuv-

tions in the armatLre clrcuit which cause in¢reased heating and greatev

sses in lts‘windings and Bupplementary fields. According to data from stum

dies of ihe Kxperimental boiantifxc Reeeareh Institute for Lathes, in-a drive w;fb a

| two-phase réctifiei‘tbe:ratié of the effective value of the rebtified curreat’in the

‘ . Ty “ Ve - e -
:main cirouit of an elegtric ion drive having a power of 0.25 40 60 kilowatta, 2200 --

)uOO TR, b0 the‘avefage va1uelof?thé current during operation with a noninsl load "
= 105, Tha magnitude of thia iatio deéreaees with reduéti§n of fhe'néminél .
:ﬁp@ed of ravolutich of the electrio mobor te 1. 1? - 12 (when'h'- 600 <~ 800 rpm}c"
in & &7iva with a threesphase rectlfierp thig magnitude varies from 1 23 0 1ol dea_;
‘pamdiﬁ; mn'%he running speed of the electrlc motcrs, and when the number of Pactlfﬁﬁ?;
B s 4 or more; it dées not exceeﬁ‘ﬁofe ,Wlth.reduction of load, the'fgﬁio of é

ive value of the curvent to its average value increases, reaching 1.6 to

ad idiing motor with a twéephase‘reétifier; 'Owiﬁg to thisi the relative

53A DlSSEMtNAT!O\! FORM FOR INTELL&GENCE TRANSLAT!ON
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value of'powér‘losseé'in the armaturs circuit‘incréaSes,1While.theéé_luéaés degrease

in ah@oluts magnltudeu

: The wresance cf current pulsations in the armatura clrcuit whan ther .Kn IrH

ﬁﬂﬁll ninber of rectl ier phasesﬁ this being common in low-power drlves;’makes,it

sAthar to use a aathoda choking coil to smooth out ‘the: pulaatio

In high-power drivas

ions’ on heating and losses 4n the maohine ara comparw

4he influence of ocurrent pulsat

' abively small, sofar ag multiphase rectifiers and comparatively: aloWaspeed motnwg

e emy

ored for these drives.

One of the imporiant advantages of ion drive as compared with a’ drive on the

The ionfdrive

em is tke relatively simplicity of its eleotric. equipment:

@

P A e
L= Moa

“aps onvg cne statio electrie 4ransformer consisting of ion devices and transforme

wile in mechenicel drive the transformer consists of two revolving machines -2y

synchroncus electrie motor and a generator which twice transform one type of ‘erergy |

transformer == aﬁhénée of

5 the operating superiorities of the static iGn

‘o 150 aﬁA'vlbratxons, simplicity: of maintenance, higher efficlency: == it also dif«

c2bly from the electromechanical transformer: by the 3 .nitialrexpendituréso

production- of son devices the expenditure of labor- for the prodﬁction of

gicn.truw sormers and the amount-of materials expended in this proceus (oopper,

avd far less %han .fov a peehanical transformers

simited experience in utilizetion of ion drives and thewabsenoe.éf eatab-

es of icn-devides for. them do mot permit of & properzévaluation’bf the'

of +heir cperation and of. the .cost of employxng them, HowevaX'y" even

aEpecty %o JPdg@ by available. digsconnected data coacerning pvriodu'ozaopw

individpa1~ion devices, both thh 2. f1uid cathode {mexcury: rect*fiars,

and. ‘with an igoan&escent one: { thyratrons, gas rectifiera), 4he economiﬂ

of electric ion drives can scarcely be doubted, on the condiﬁioﬁ of pro-:

v of produotlon -and furgher perfection of ion devices. s

O

The ©iéld of rations) ‘@mployment: of adjustable Lon drives- in machine tbc‘ con:

- ghrustion 1neiu&ss & wide group of maohinos differing in purpase, dimenaioan, “and

ieal iharadtériétioso .Particularly ffact1ve ue may be madeiof ion drive 1n

For example,

o of metal mechining procésses in specialized»machina toolga’

monnnasnonsafcﬂ

13A DISSWHNATEON EORM &*GR NTELHGENCF TRAN:;LAT!ON
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and grind1ng machines, it ia poasible by smooth:

in turning 1athes, vertioal 1athee,

wox the. spead of the spindle to maintain 4. aonstant econamic~
of maéhining diameuer, 1n milllng machings it is possible to achieve £ ‘ L‘

P antomatic regulation of feed depending cn the load of" the tool, -which ghanges with e

» ohange in the depth or width of milllng or in: the event.of nonuniformity of tne mate

i @rial; i cénteriess honing machines it is possible-to 1nsure.antomatic paintenance

of the speed of revolving parts, atos - o e e o

¥o less important is the use of adjustahle ion electronic drivs in universal

tathes, the subomation: of- whioh prosents a partxeularly urgent problamo _Lleotric

don driv

Fith électron comtrol can imsure various operating conditionaq except1on¢1
a flexibilidy, and a»mplithy of control on thess machines. »

. lﬁ“ smploynent of automatic arives for the main driving mechanizmg of machine
tools, as is well-known, does not peet the requirement of rational utilizatlon of [y

ng elsotric motor, regulation of the speed of which is performed Under

congtent womentums regulation-at congtant power, which is required in the drives of s

1 such mﬂﬂravlsms in ordﬁr 4o obtain an economical cutting-apeedvupon ghange of dia-

ngter aaé'nature of mechining of an articls, ma&es it neceasary to 1ncrease ‘the over-

i 511 dimensions of the aleotric‘drive motor. In consequance of this, the praoticaluy

plz regulation range in the drives of main driving mechanisms, in the event

zaceptabls

ion drive or any obher drive with sutomatic regulation is smployed, is 1imited,

sroximately three to five for heavy machine tools and slightly mdre for med-

B gheing:
dum ard light machines.
Jn = number of cmses where it is necessary to achieve drive operating‘coh&itisae

sncreased accuracy threading on

i ot reducsd power and ab low speeds, for example, in

P RYS

~ | gorew-cuising lathes or on maonznes designed for tool operations, the wtilizgtion of | §

Usutomabic regulation proves %o be advantageous.

; DnEYEY . the advisability of employing ion or direct-current mechaniocal dride

dviving mechanisms is frequently determined not so much by automatic regulz- [N

4ion a3 by other factors, chiefly the requirements of transitional prooessss.

Twz reqiirement of rational utilization of an adjastable motor is met the mosi !

11y “» She drives of machine fool feed mechanisms) the nagnitude of the torque Te-:

R

juived, shich is aeﬁetmined by the forces of friction, remains approximately consts

In this instance, it is the most effectlve to utilize automatic icn

DISSEMINAT ON FORM FuR INTELLIGENCE TRANSLATION
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arive wi%h‘any-lérgé‘édjﬁétﬁeﬁt raﬁge, R AR ’éTAT
Fl@e&rxc ien drivea of two main groups are being eﬁﬁioyed.at'fraéent in indus-
trys hkphmpower arxvea, on hhe order o: hundreds and thousands of kilowatts, used
in %he mm?a1lurgic, coalo papersmakingg and other industriea,.and 10w~poWer drivedg
o the order of several Kilowatts, uped chiefly ‘in machifie tool construction, Her-
%cuwy'revt fiers with controliing grids are used’ as controlled ion devices. in highn
ower dri ﬂ@ag and thyratron reetlfiera in lowapower dPlVEJo
In the dectric drives with thyratron rectlfigra for various powers from 0525 to
; %3 i Lows ﬂ@ of }he ELIR ‘type, developed in the mxpérimental Scientific Resedrch In-
iws itute for Lathes, rigid mechanical characteristics of the ELIR drive are actiteved
nly by weaﬁs of regensrative voltage and current couplings of tﬁe armature of the
lectric notory this is_fully adequaﬁe for the overwhelming majority of machine
%00ls. Ir this case the necessity is eliminated of employing a tachogenefaﬁérg
‘ticularly undesirable in smell universal lathes. :
& electric drives have been employed in grinding ma&hines, turning
willing machines, jig-boring and other machines. :

The satting of specified speeds or feeds in these machines is accoﬁpiishe&
?ai%her maraally, by means of a potentiometer equipped with a-graduated soale, or au-|
;_tmmatis' 17, by switching to previously determined fixed speeds corresponding %o hn}j

pacifing éperatingbcondiﬁions of the machineﬂ The Spee& adjustment range of the
vive moter in these machines rangee from 8 (in msin driving mechanisms) to 120 (in
i rapid and slow transfer mechanisns). Besides the convenience:of contFol
yperating advantages, the BLIR drive also possesses important qualiﬁies cf
Thig drive, unlike the eleatrémechanical drive which’requifesaspééiél
hase-for: its transformefg'consistSrof'sepafate, Gompact unita’@bﬁV%hiént.
or insialiation’in the machine or in the conirol cabinet,

Figurs .2 shows anssxample.of-installation of ELIR drive:uaite in’a universal .
;”’”V‘ g grinding machine, - The motor. which rotates the .article is located directly
in the hodr of the -efock of the erticle: (upper- left); on:the frontiof which is lo-
;thed & dial-end roblatinmg handwheel built. into the body.of: the regulating rheostat,

- in the nisha in.the right pedegtal is a:panel-with the thyratrons and-elements of

3 electrsnig-eontrol civcudts -In-a similar'nicherin~the;lef$ pedestal is the pow.

H

hY i

rmep. . Figure 3-illustrates the ins@allatian £ an-ELIR-panel:(upper left}

dwaA DSSEM!NATHON FQRN& FOR 1 Ni’ﬁ:lLiGFNCE FRAN%LAT!ON
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e‘lectric dontrél cabihet‘ of a cen- |

P ‘g machznea There are also sxamples of installatian in a °3

trlc control cabine» of two &nd three ELIR drive panels and transformers whzch serve

a corresponding number nf eleetric drzve motors ‘of lndividual machine mechanismso

‘ The 11mited power of the f'"LIR«i'.ype dr1 CE] belng manufactured {up $0 3 kiloWatta

1LQ explained by the lack of thyratrons of appropriate poOWer, Eor high;powdridfiveﬁ

it is nan@ssary to employ . fluid cathode ion dev;ces (conarolled nereury reqtifiers;

ignitrons) which havé a greater engsive capacity in contrast to the incandescent

%hyfatroﬁ aathodes.

Aidus table elestric ion drives of medium power {from 10 to- 100 ”‘1owatts), ehida
gre

are’ of great intereat to mgchine tool construction, ars for the preaent not being

QfﬁutiC“‘J employed {n the machinebuilding industry. Thare are only a few examplesz

kpown of the use of such drives on individual foreign metalicutting maghines, which

are exp@tim@utal models,

Figusa 2. Inatallation of an ELIR drive uait in a circular grinding machiheo

A

i Ae o result of the lack .of medium~power sdjustadble ion drives, ion devices of

5

jnamher of undoubted advanteges ¢f the adjustable ion drive make it possible, howevey

‘4o comgifzr it expedient o ubilize it for mediumArOWthmaohines also.

Ore of the abtempts 4o create an ion drive for such machines is the;developmeni
nd production in the Experimental Seientific Research Institute for Lathes of an:
szparivental electronically-cantrolléd jon drive with & powér‘oftup t0'505kilowattgo

| Igaltrons are used in the arive’ofwfhe ha@hiné?és adjustable ioh devices, - Meroury

approprisis power and purpose have thus far not been developed. The existence of &

1BA )lSSFWNATEON FORM FOR INTELLIGENCE TRANSLATION -
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rea?ifiera with a controllzng grzd are- not bezng produced at present ?or éIfI power -
range. C(nly very recently‘has“the-electrio industry»begup the utilization of such

devicas,

i Pigurs 3. Installation of an ELIR drive panel and power transformer in the com

AT

0?8 Génterless lappihg machine.

2 cabine?

A thrae-phase igpitron rectifier with an independent. ignition oirotiit eonsistz

7 of condensers and thyratrons is mmployed in the electrie ion drive proéuced by

Fxperimental Selentific Research Institute for L&thesg Ignition of the 1gnin

ong i3 a@c@mpl;shed by current impulses which criginate upon discharge of the con=

anechad in series by their auncde circuits with the ignitron igniters. The émOUnt

ad voluage and the speed of revolution of the motor armature is regulatee

tronie device which controls the moment of ignition of the thyratrons ana,
aubly, of the ignitrons during each positive halfepar$od of anode voltagea.
rative speed coupling employed in the circult which is effected}by means

enerator connected with the motor shaft insures that rigid me&haﬂl@é}

haiistics will be obtained within a wide range of motor revolutien gpeedsé

<

ignitron ignition circuits when commutating devices ars absent from the

o
UilL%a

% Ouing to the negligible amount of power needed by the grid circuits of the thyx-

X flexihility of control and compaciness of equipment'are'provideda

i gives an overall view of an ignitron rectifier installed in a séparate

all thé elemeénts of an ignition and electronic conirol circuit,

¢ o4 the moment of delivery of opening potentisl to thyratron grida, which are

atrol of starting and stopping of the moter is accomplished im the eledtronic

IGes ‘2:: 3A DISSEMINATION FORM FOR INTELLI GENCE TRANSLATION
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Figure 4o ‘_Overali. view of the oontrol cabinet of & drive %ith a power of
%0 kilcuwstis: '

mﬁ_trana, 2 ---ignitron ignition hlock; 5 -- electronic cunt?ol block.
The eseults of tests of an experimen‘tal nodel of & drive with an 4gn1 tren re

er on & =§tand and on 8 machine have demenstrated that iss operation is fully satis-

shanges in the amount of torque on the shal'f of the driving moter from
1o 1,25 l& o the deviation of the number of revolutwns per minute of the
iil: respect O tm avarage astablished value L doea not axoeed -j:?% ‘when

L Ol 4% when i = 0.1 m_ == Qo 04 Byom? andia"'% when n_

10 ar = a0m 8 =

LO04 Ty e 0,02 2one The gystem inaurea starting and. reversing of the motor withi

subomatic 1;.:..1tation of torqus and armature ourrent to a p*'evioualy sstahlishad iz
1 as sta,ble cperation undet all specified revolution apeeda and loads.,
P Lence in the operation of ELIR 4on drives on machine tools has confirmed

alient. qualities. Howeveryithey ‘have.not.as.yet been employed, e_xﬁ_en/g;vel;r

13A DlSSEMiNAT ON FORM FOR !N!ELL&GENC&: TRANSLATION
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‘with'a large number of instances of fully sat*afactory continuous operation cf the

BLIR drive om & number of - machinaa, there are. many- cases of. intorruption of its opars

avion and of 1ta becoming unserviceablea One: of the causes of such-a* 5L$uation is

defective design, ‘quality-of manufaotureg and - installation of the appara%us;’ How=
wuer, by their naturé these defects may be easily eliminated. In ndditién to this,
in many cages. unaatiafactory performance of a drive ie explained by the- lack,of fu;xgv
competenu mcrsonnel in the places. of 4 operation -and by improper operationg f

The posh importanﬁ;cause of insufficient reliability of the: BLIR drivemih dperm:

< ' gtion is puor quality thyratrons. and. hot=cathode rectifieragi Thé res&lta f tests
and obua*vat ong- in operaticn indicate that in addltlon to those- of the deviees whick
 are sff*vfﬂn and.gell-made,. there are very: many which ave. either: unserviaeabla or

nave a very short. servise 1ife. The: nomenclature of the devices being prbduoau is

Lso compl%tely;unaa%isfactory,-‘It~is very Limited and does not meet the technical
;?@aﬁit@ﬂ“?ts of ieldctrie dom dvives - o .0 o v oo i mORR e
Dc* L8ive Meagures. are. needed for improvement of the quality and expansion of

! the none: tape-of ion devices for drives, without which it is impoasible to coun,

. ina axtensive Antraduution and further-development of:this progrESsive drive dystem, |

Together with $hisy 1t is necessary: ito amplify work towards: perf@%tion of the dia~
gramg end designs af‘adjuatablexidn;drives9,chiefly in the direction of-ﬂimpllfican
jion and of iﬁcreaéing their reliability-invoperationya

E Y purtznuiavly important problem in this process is the creation of avsfﬁﬁle'

1 ‘adjustable.alternating. turrent ion. drive with-a ghort-circuited. asyn- .

and rel
| ehronous mober ts golution will require unremitiing effort on the part of ‘the re-
| gearch: ovganizations.

5
L8
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Aw M. KHARITGNOV

L MULTiSPhFD hLLGTRIC MOTORS IN MACHIFE DRIVES L

ﬁfﬁm'

type.of oiectrzc machinea employed for the electrlc drive of machine tools, Beaid

. Th“é‘_phase usynchronous mutors #ith short-cirouited rotor: rayresent

“isuch quﬂjxiies as Bimplicity of dasign, Lﬂli&ﬂlllty in oparation, etc., thsy also

hgve a serious dsfeat «= poor properties of regulationa

As ws know, the epeed of revolution of an asynchronoua motor may be regnlated
oy OhdﬂQJﬂh the alidang or speed of revolutian of the magnstic fi@ldu

The first le poaaibla only in the,avent'of existance of loading mamqn@tﬁﬁ the
shaft of the motor and is uéually achieved by swifching reslstance into thé”fotor
Q@rcuiio | |

The latter is accoﬁpiished by chenging current frequéﬁey or the number of poles
of $he molor winding. .

Regulation of the speed of:revolution of moiors by changing fréqﬁéney'réquirﬁﬁ
tﬁa presence of a speeisl grid the current frequency in which may be chgﬁgsd'by '

sbages or spoothly. Such a systen of regulation is enoountered ‘in 'a namber of gpe-

sse elestric drives (roller beds, continucus apinning machines, highéspeéd

rives, nad others)o
The Ynzbﬁr of polea of the motor winding may be changed only by stages, &ﬁd,n&;b
quun iy, the aprsd of the motor may be only thus regulatedn Qwing %o its simpli-

' i¢ity§ thie the most widaapread method in universal electrio drivea.

The zmb»r and arrangsment of the poles of asynchronous motors is determined ty
| the elegtrie aonneqt1on of the stator wzndinga W¥hen tnsre are separate, mutually

i independent windings with varying numbers of poles on it, it is passible to ‘obtain

"erent speeds of revolution af‘th& motor. - In asynchronnus notors with one gtater

change in the number of poles ie achieved by reversal of the direction of

éthe currert in the winding or. by changing the arrangement of the winding phages on

al

ircuvnderence af the stator bore. Muliispeed motors usﬁally have 2, 3, ord

3 G4

forent 3peeds.

Teble 1 gives the practically possible.vergions of multispeed motors.

wwinding motors,-ghich: correspond to.then in power and spsed of revoi@fiono

ith the same dimedsgens,-the power of the former vmay 8xceed by -approgimately 1.6 to

- gingld-sinding multispeed motors have amaller overall dimensions as compafed %o

osmuﬂmom SHEET)
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2 times t"n@ powar qi the two-uwinding motors wath m.gher power indioes a,nd lesser fren
' { qvmc;y of starting currento The connectlons for lwitching the W .d..ngs ‘for dlfferenb

speeds are ssimpler in motors vuth ‘wo windings than in motors with onea

2 ‘Table 1. ‘ ]
lethod of «*emlat:mg motor speed Number of spaed} R Sp.ee_gl_‘,regqlatvion,limit
stages S ‘ B - ‘ .
ione winding with reversal of _ : .
poles ab ratio of Me 2. fo 2 dde 20 e -

dent, windings for dif-} - .. = v ' ' ——
dh@r of poles ’ 2 Depe'zds on mzmber of poles of‘ aac ‘ e
of the windings :

. 3. 1 Same . T o . .
: e - P
dent windings,. each ; A TR T 3
rgal ‘'of poles at ' ’ o
) 31'2,. - : : .4 o n“

‘ > with reversal of . .. f ..o Depends. on number .of peles. for o

2, 3, or 4 speeds ' - which winding is reversed. In

5 : e majority of cases not more than X

K} 13 4 i
3 'aoclmg 0‘2‘ ourrent of narmal frequenc,y, uhe follawi’xg xs;:'nchron\u'm speeds ofl

ion wi t;he motor are possible- 3000, 1500 1000 750, 600, 500.,“ rpm, whlm . -

“, 4; 6 8, 10 12.,” poles of its windmgo. For mul‘r.ispead aaynchror~ r

- + métor & “vmg & power . of up to 100 kil owa‘tts, the apeeds are usually limited to —
* 5000500 ¥pn wit"x 2, 35 or 4 .*.ﬂ;agas.a , . o - R \ ~
Hary of the qual* ties of the ordmarv qbolt-ﬂwmlted asynchronous motor are » \‘,
f g ' 2 motors in whlch ’rhe number of Doles are switched, this msuz‘ing it ‘ex- :‘
3 ive a3 catirm in machine tool cor»stmetiom . o
' £
— i o EﬁP OTUENT OF HULTISPEED HOTORS T ,/
. [ rm sz '?LBC”‘RIC IRIVES OF VARIOUS mACHINL 'rccms o ]
[ ipeed as;y'nch“'cnous motors are amgloyed in various branchea of industry and \ 3

in the eoal, metallurgical, cememi 0119 shlphuilding, and foed indus=

in hcmtmg, pumpm and ¢rang instsl]a,tmns; on conveyers, elevators, etc.

. Thae r.»nsive use, of multlapeed. motors plays an: lmportdm part m the furthm

L p L0

elcx;;z Ak uf mack \me and. machma uoal cnnstructxom thn smgle-speed motors are

1) simp lw.f‘,,r the deslgns of machine tool ’cremsmissions, mcludmg even elimi- |

FORH © 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION
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sake the output and performance qualitias of machine todle;

%n&oxon of gear and feed bnxes; ‘-;;1_‘j'3”
¥
S

| : ;

i ‘3)' improve the quality of maohining on a manhine tool owing to reduct n of

évinrat SHE:) and ;naeouracles of nhe ﬁauhaﬂiﬂms reaulting.from the preaen&e of & large
R i .

b mber of gear caupxings,

i
'

increase ths efficlency of the macbine toal as a result of raduetion of ele-

the kinematic chains
5) change speed during operatlon, without stopping the maohine;

gimplify automatic sontrol of the procesaes of startlng, atopping, revers-

krakings

ing, aud

,Z _ 7 qlmplify automatic control of machining conditions in relation to “technolo-

zisal factors.

Mectric drives in which multispee& motora are employed instead of single-speea‘

il

';ma 073 posess ofher aévantagea a8 wells e.ge, the possibilify of: starting 3 mach;mp

al

5 a minimam upeed of . revolutlon of the motor and switching the windings during

“rauJa. o higher speeds, this ﬂs of particular 1mportanoe in the aeceleration of

4

vﬂrxves DHESES sing considerable 1nertia. Starting a motor at' a lower speed af revo-

zuoﬁon aiso has the aévantage that the absolute value of the starting current in

.%Fhla case will a8 a rnle be the least as compured with the starting currents ‘at

¥1Gﬁ€' gpteds The 106868 of elect“ioi ty in the case of awitching from a loweé o &

her greed w;l’ he much gmaller in importance than in the case ox direct sﬁartinw'g

ia? incresssd apeado, Wheh a winding is saltched from s smaller 1o a largar number v"

30L g, 1., vwhen the gpesd of the motov is reducedy its recuperativs hrak;ng, ‘which

)sgg nPE *zvolve power lodses, takes placm automatically, 88 in the case cf opposis

‘ltiﬁn brakinge

,fﬂuﬁaiﬁpeedvmctorsvmay be used extensively for univarsél and special machines -t

i lathes,. ‘wrret lathea, drilla, grinders, planers and shapers, tool-grinding machinés

Tq oidition, to”their use in main movemend and feed drives, multispeed motors

A e)

may slso be utilized 1o aecompliah acoelerated or decelerated shifting of various-

chine ;e*banlsms (rapié dellvery and removal of & tool, sofiening the blcw gt the

T

zend o indeulng, eto,) ‘gnd- pexformance of technologlcal operations conneeted wit h

RO

| chsnge ir the speed of machining or with the necessity of correction of a tool {a s ol

TFom A DISSEMNATION TORI FOR iNTELL!GENC: TRANShATiON
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atvaigntwning tha grindlng wheel), withouﬁ stopping the machine,_

Replacement of the. grd:nary sinvlemspeeu motor by multiapead motors in many

instances substantially improves the teuhnologioal and performanoo qualitias of the.

n&abina :nd reduaes ‘the amuunt of  labor expendsd in 1ta manufaeture,-

ST ia @xpeuient 0 emplpy multiapeed motors in- the feed drives og woodworking

 may -be ﬂbtained7with.a nultigpesd motor without any auxrllary mechanxca}-
in deap regulation of the epoeds of universal metal-cutting mact ineé;g“"”'

oy y with & small denominater in 'bhe. progreasion of the geometriaal series of

nuabel of svolutions .;per minute, reduciion gears or transmissgions with a large rum-

ber of siages are raqugreda‘ When speed is regulated by only one mechanicaL means

tha trans amsazone ‘becone considerably more complicated in design and at times ‘requive

§a somplicated contrel system, thig . increaging . the -expenditure 01;4anon'and«render1ng

4ion of brensnissions sxpensives. TFor this reason, combined eleétfééeghanif

gpesd “egulatiqn systems: may - be employed more -extensively. in machine t°018a~

Partial or ﬂompleae replacement «of :mechanical by eiectric speed regulation of &

chine tool becomes: possgible when a. mud bispeed aaynchronous motor is- employed in

jge]

ivs of the machime. . In machins-tools inywhich~it;is»p0851b1e ta 1imit.the

28 50 29 3v or 4; on the oondltlon that the speeds -of revolution;éf‘ﬁhe

e snd QOUDTb&plndIE be egualy. the:mosy effective uge:is thet -of built-in mulLﬂa

The gtator of the motor is puilt into the headstock of: the dachine¢

bapd ths soiAdieds’ oonnected through: a goupling w1th the: ratov ghaft or the’ lat»er

i directly. on.-the %plnalenu~auch a daslgﬂ of - the machine proves exoepﬁluum'

Ty

and its.’ kznematgc'ehnlnwls the shortests: If the speedsiof: ravélution a

he gpinglé ahd he wultispeed motor do.not coincideg . then the latter-is connected

; 1tk the spindle by’ me&na of & belt:or.gear drives: MQchlne tcols with huiltain il

Ty ahould 08 - parulcu]aaly widespread among. ‘amall- operation machines deu

BN lng, mllling, drillingg and grinding operationss.”

The iusballatipn: of a: simple .gear. jrain greatly extenﬂs.theﬂspeednregulation

hxwe toals with builb=in: .multispeed motors; lengthening: the- kinematic

mange of mag

ool bhe machine only. at low speeds. The arrvangement with the gear train may b

4 “or machine. tocls dn: whlch the cutting apeeds differ. cansiderabiy from one

%
o

for-example, in. uurnlng . and thre&d cutting, 1n drilling and reamng° It is

lCONTlNUATION SHEET)
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'rruplln&n end other types of stageleas regulatoran In these oasea, n°,,.
frugulai on »imits extended but also the energy losaaa are reduceé whioh occurglﬁ
énmbin&tiwﬁ'of}aeynohrpnous elqcirxc moter and siiding coupling,

The development of &gsigns'inrmschine foal construction :is following the path of

{ increased ngohindng speeds. In the diives of machine {ools and nachines ﬁiﬁh'épeeés

" of revoluiion above 10 46 15 thousend rpm, the greatest effect is provided by high-

%ap@ed {higm;frquaacy) shori-sirenited motors feet an increaééd frequenoy ourrent
slrum a spedial genexator or freguency changer. - Regulation of the spea&’of revolu-
%tiaﬁ of ‘héoe motors inoreases considerably the universality of  the drive, since it
jmem@s it possible o change the speed in relation i the reguirements of the “tachne- | -
Eiagicai process, quality of the mﬁterial, dimenslons of -the tool,ietc. iIn’addition
 $¢ ﬁhiaq in the case of highéisquenoy motors with speeds on the‘ordarlcf 40 to 50
thonsand rpm and sbove, atep&iae increase of the speed of revolution makes it poss-
. colve the most simply the problem of starting the adtozs

i regulation of the apeed of revolution of a high-freqﬁency mot@tffi‘

hy changing the frequency of the converter (gsnerator), and stapwi§§”iegum

.y be aceomplished by threelmsthods?

dtepwise chatige of the spaéd‘of the drivé of the dbnvertér, and, cd%égquentm

: irsqueneys | .

chitge in the number of poles of the pbtor windingy

& codbination of the first and aacohd'mafhodso

2 siuplest an& nost rbliable method of’ stepwxse change of -the speed of the
f&rive of a equenoy changer 8 the employment of a multispeed short-oircuite& moter
%rigidi; a@aneotéd with the changero If the drive"motor has n, speeds of revolueionﬁ

; wamber of different ourrent frequencies’ whish may be obtained ffom an asyre

s Treguency changer when it i1s robated by a ﬁﬁltispaed motor in'ané counter ia

sf revolution of the magnetio fisld ol the changer will be 2n1 -When the
£ &he-high—xreguency‘motor are switched to n, poles, we obtain n2 epeads

ion of the mobor, -Consequently, the totael number of apeed atages ‘of the

FORW ' 53;% DISSEMINAT ON FORM FQR ENTELUGENCC TRANSLATION
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changer,v

!hxgh~frequ@ncy motor in this eame will be 2n1n2° ﬂhen, for example, a: two-speed
} X

i .

jmo?or wn th@ drlve of a fraqumncy/and a three speed motor are employed, 2x2x5

1

‘» d fereni spaede of reVOlution may be obtained. Wlth a three- peed frequency chan@r

drlve notor and a three- speed high-frequency mot or, 2x}x§ = 18 d;fferent apeeds of

}fOVOlULiok may b@ obtaxned, eteo
.i . :

N CONTROL GF MULTISPELD MOTORS B

Gentrol oi multispsed motcrs is acccmplished by ‘means of manual and contactcr

s

\control ﬂtmtems or Dy a combination of the tWOo

Hanual oentrol devxces are employed in the case of Lnfrequent starting for'?

ftecse devices is limihed by the current ﬁhich is broken by thelr switchea. It thé

1nmles wt the motor windiag are rsversed, when the motor is unitched off from the

circuit, rhe1 a safe contlnuous cur”ent switch way be employed for the more powelfv

g

| ROt

‘Par the ﬁcntrol sf mu;tzspead motors of mealum power (5- 0 kilowatts). use ig

v

' the pelss-changed by means: of a ahanger with the motor awihohed offa:

Wher the changer knob is turned to the new position, the hormelly closed dhangér‘

- block switih, which is connected in series with the edrcuit of the contactor ¢6il,

opengy L0 donsequence of which the latter is cut off from the system.

L Siﬁ& &4 syatém For comnection of the VII ohanger together with a magnetic gtari-

apr is 11 lustrated in Figure 1,

Contactor eontrol of multispeed metors insures a high fregquency of éivi’azcﬁi'ﬁgs

£

onand of? {occaslonally as many as several hundred an hour). It is more réliable

. in opsreiion in comparison with menual conirol squipment. Thus the aver&@é fuiber

I o7 #¥isob-cnd of the changer due to. mechanical weer of the contaats amounté to ap- -

¥ two bundred thousand, and in contactors, one million.

hutematic control of multispeed motors is accomplished with magnetic S%Erﬁérg

or eondb

Lernabi

v current relays (EP, RPM, efc). Ocoasionally, automatic congrol of tditie

ora iz effected by means of gpecial control devices. For exampls, in the

!"
Q

. bureet lathes degigned and produce@,bg the Experlmental Scientific Ressarch Insti-

i tute for Lathes, the comtrol device which performs changing of the poles of the

?wg}tisue’a mators of combaratlvelv lnw newer (ﬁ to 5 kilowatts)a The utilization of

usually nage of a sgsbem wnerein the mctor is switahed on and off”by means Gf A COR= |

Por low-power motors use is frequently made of electromagnstic al- g
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Fig. 1. Diagram of connection. of the ¥II universal pole changsr together with
a magnetic 5cartero 1 - atart; 2 - Stop, 34~ Connectxon of switches; 4 - Cloaed,

5 . block contact 6 - mandle- 7= Glaaing of sw1tohes, 8-Switches.
ihree~apuad motor (750/1500/3000 rpm) in *he main movement drlve is machanlcally um%
rrcted to zhe turret, turning of which sxmultaneously uauses change by the control

;osv1ce of the motor winding t0 Ahe apend corresponding to hhat of the part macninlz

i B

{ process =‘urn1ng, drilling, threading, eﬁa.;» The moving part of the dantrol davzce
is a gylinder wzth drums arrang&d uniformly around its oircumferenoea Lach of thcm

! hap several fixed poa;tionao The number of drums ocrreeponds to the number of pogi=

tiong of the turrete Terminnls are 1ed to the fixed switches of the control’ dev1ce

from the windinig of the drive motor, The lattar, depending on the tool mounted 1m

H

H
the dturrat, aeveloys the raquired gpeed, owing to preliminary setting of the drums,

which peas

1= i7 Bubcession under the fixed switches of the control device and close -

them.

buRIbb ? Mumxsmm bTNGLE-‘#INDING HOTORS

" The actorlea of ths Mlnlstry of the blaatrzc Inaustry mt the present are prC° -

ducing mrltispeed motors, on the basls of a single series, A, wiﬁh chsnge of the .

th

2 FIiR,
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wzndlng 0 12/6 8/4o 6/4, 4/2, 6/4/2, 8/6/4, and 12/3/6/4 polas, The bwo-apoed not-
ory, 1F which -the ratio of the numbar of pol&q is not 1:?, a8, weli as the three ‘and
- LQLf"EP@(d motors, have. two atator windings, and, because of their overal; ixmensﬁan#:
many snstances unaoaeptahle0 :
FA sériee T of pultispsed motors with one -stator. wlndina, includ1ng six standara

ixlenaiara of motors havmng Y powev of to T 2.8y 45, T, 10, and 14 kilowatts at
‘ 1500 rpmp made with three different external diameters of the skator plata, 182.
' »3475 and %2 7 milllmeters, was developed in the years 1948 and 1949 at the Experimen
'szawskf1c Rese@rch Institute for Lathes for maching tool constructiono

Th ko of metal plates for each diameter are produced in two differanh :
Si“&gﬁhﬂa The dxmanszons of the cog zones of &he stator and rotor,. the number of
rooves o tae sattsr, and a number. of other features of the design of - the motors

;‘ave been selocted with .» view toward achieving optimum use of them aa~mu1$15psad

zavies T moters in conatruotional exmcution are closed with axternal tenti~
Hzonc In motore up to and including kilowatts im power, the bed is Porined by
| casting sround the abaior pack with an aluminum alloy. The shiglds, fan, én& other

sarts are also made oi an aluminum alloyo
. " L

¢ yypes of motors are being serzally preduced at the prasent times

SB

Tedty T<i2, Te 5? and Tw 525 waich in pheir overall and installation &imenslons fulﬁ;

%x:;oz-respmz,»i o the gimilar dimen’sivong of the motors of the s_ingle series of & typesg

~41, {0542, AOL-51, and AOL~52>

W?w rasis for determining the power of the motors was the extent to which thL
grature wight be safely oxceeded ox;h;ﬂdltions for obtaining favorable
| starting oh aﬂterlsti"ao
Ail perieas T mulbispeed motora are made thh one stator winding owing $b Whlc“:
have greater power 1 han the two-w1ndlng motors of types A and AO, alfhough '
i the segghd;mension° 95 the 1attarq’>Depeﬂding on the interrelationalbu~
: spseds, . E a0 épeed eeries 7 moto;s have from 6 to 14 terminals to tho

ar, %he thraa«speed motora from 9 to 15 and the four-speed motora. up te

13A  DISSEMINATION FORM FOR INTELLIGENCE IRANSLAT!ON
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Gc?""?oo ikt 1_* 2‘“_"'_495 . e

&/4/2 | e e To3medod | 10522405 10Be540

‘s/dfﬁ v' f | G 0o T=m207 B - 1,7=u5:5 éégﬁf§vé
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8/6/a/z | ew : 30}.7%2;7 0:82-302 | 1.20c8e0 | 1oBuedie’
2/8/6/i | Nibetel | 205430 | 3.0-3.5 | 4i0-ehes | ==

.

Beriapn ® multispsad motors are emplaved by 35 machine tocl coustruotion plants

{in more

,am 60 medals of,metalaeut’cing and wocdwor!cing machmeao
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Ko I, LEVITSKIT .~
cax DRIVE IN AUTOMATIC mcam POOLS
_ CANDLINES . .'
THE CONDITIONS WHICH DETERUINE SELECTION
-+ OF THE LAW OF MOVEMENT OF MHE DRIVEN. MENBER |
I IF THE CAM CEARS OF AUTOMATIC MACHINES.

Can goars ars among the most widespread; this ds explained by : the numbes of

their pozitive quélities as compared: with other machines.

[

ite of dam gears are (1) the poasibility of-effecting aj.lmoat.@.ny. law of

The e

‘.smw@mgn’{; of the a:riven member by . means of appx'opriatev profiling of thaeam; (2)

shievenen’ of. & high -pea-vfcz‘-mance due to rational.selection .of the law. of movement

the dviven: mepber; {3) changing the law of movement of the driven pambei"v.by 28

lacemens of the camy {4). small overall size of the gear; (5). simplicity of perform-
se of coordinesed operation .of several. gears in sutomatic machmesp For this rea- |
oml- gam gears have been extonsively employed in the feed mechanigns of 'ahtom}ift,_ic meu;
achine $ools, in the displacement mechanismg :pf‘ the qpem;bjng mé’mbqrs of

ioug eubomatic machings and ‘in many other instances when it is necessary. £6 obtal

s¥ing rotary.iox -rectilinear motion of: the. driven member in sccordance.with s |

¢ taw, e 4 R R g . . )

The :i%sw&vmtagaé of com gears as compared with ‘cram;-levervgeaxs.nand_. several

e} cons:.derab]e amounts of. specifie pressures on the -contact aurfacs of
18 MEmDETH, ands in consequence, -increased ‘wear of the friction. surfaces emﬂ Shdl’v o

1ife of the:gear, - Moreover, in the event of high.speed of vmovem'erit;cf‘ . -

menber, thers exlsts the possibility of occurrense. of {mpacts; pe.rt’iéglarw;

¢ if prevision has been: made. only for.power, locking.  Usuaelly these d‘,ls‘éd;vantagés )

be. reduced ¥6-a minimum by proper selection of -the Jaw-of movement:of thé driven !

b ard of the bsaicnparameters‘;,whichi' determine the arrangement. and.-structural

e 8‘&31‘0 . T LTk R A Tode e

%

yoe P

wiitle, consideration: has» been-given only to: sglection of, the law of

the. driven menher,. which seléeet-ibn'lnms-‘a; be acc:emgxlished.-ziﬁz-1sujch- 8.-WAY.: 2
. the Following:conditions are fulfilleds -~ el e i me
1) aorvespondence of the law of movement of the driven member to the require-

of e technological process; 2)" achievement of high:machine effieciency; - N

A DISSEMINATION FORM FOR INTELLIGENCE ?RANSLAT!ON T R
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13) mimimum expenditure nf energy for aotting ‘the. gear in motion; 4) aeanran%TA$f dua

Ths Pirst condition is-the baslo one, aince the gear muat above all 8l

ﬁancticwal DUTPOLE 5 inee, displacement of the operating member conneoted to the dr1v~
ion end proper quality of the latteto‘ This condition may be satisfied by selection

stances by the bechndlogical progeas during a certain pertion of the movement. For

exanple, in feed mechanisms there is £requéntly need of uniform displacement. io a

cperation uf the méchanigmgp - In many. instances, hqwevef, the requirements of the
technological proceéé determine only gcertain individual parameters of the law of
novement af"éhb d%i?en'ﬁemberav These parsmeters include: the amount. of total dis-
placement of tlie driven member (in one direction), the naximum speed and maximum ac-
celeration, 28 well as the amount of epeed and acceleration of the dr¥iven member
iwhich cerraspond to sgeclfic positions of the latter. Assignment of maxiwum speeds
“land aceelerations of tne driven member is necessary because increase in the speed or
‘agwaler&tiaﬁ o %he”opergting member of '8 machine above the Raximum may. cause dxstug»
thance of th@'tebhnol&gicalvpréoess or lowering of its quali;ﬁa ~In addition, bne may -
'%:du to tha parameters to be assigned the full time of moveméét'of-the driven member
v&ﬂd the pime of individual stages of its movement (for examplé, time of'acéelerated
or wniforaly rébarded motion, time of shuﬁdowns; etea)e This time -is ogcasionally
termined saly'by‘ﬁhe sequsice,of §ompletinnvof individual stages.of.tha,teohnologi=

loal process ahd by the requirements of coardinated operation of the. mechanisa.

W

i taws of movenent which satisfy tbe requ;rements of the technologloal process, it iq

possihle o select the one with whlch the‘ulme af completion of the individual stags s

inf completisn of individual stages of motion is related to increase in the iampact

ioads, ir friction losses, in .torgue on-ihe camshaf$; and other faciors connected

secand oonditicn - achievement of high machine efficiency « is also relajed

I50 selection of tha law bf movement of the driven member, since of all the differerr-

) 'vahxllty and: 1ong Tife of the gear; 5) simplicity cf production of the profila of the' ;

cn mepber of the gear must. insure tha pprformence of a specific technologisal operat-

of the law of movement of the driven:member, this law being specified in certain in-

certain length ddring & specified interval of time, which is. determined by the he ignti

of the spaad of“mgvament of the driven member or by the requirements of coerdinated

nobiorn, ;mclud;ng pericds of idle runningg 15 the mlnimuma Reduction of the tigs‘

(CONT!FUAT!ON SHE"!')
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with the dvnamics of the motion of. the gosr members.. 'me'fhié reason; proper gglec~
tion, of uha ]aw of movement of the driven member from the oonditions for achzev&ng

high machin@ efficiency presupposes tha¢ conslderat1on w111 ‘be given without fall to

‘the influ »¢ of rediiction of the ‘time of movement on change in various dynamic fac-

T . : , S e : Ceoni .
In addition to this, it must be borne in mind that increase in, machiﬂe ﬂfficlenng S

cy may be achieved by comblnation of ‘single operations, it being passxble by proper

iselection of the form of the graph of “the Taw of movement of the;eperatinggmgmhers

of the individusl mechanisms %o effect a closer combination of the operatioﬁs'in

: The third ccndltlon - achievement of minimum expenditure of energy fdf setiing

‘ihe gear in motion - Juat as is the preceding condition, is related to evaluatlon of X
¢ To=g

oh@ econony of the maching and should be congidered together with the other basi

uirements made-of g properly designed mechanism, If frictlon in klnamau;c ‘couples

g baken 1nbo. conslﬂerablcn, then this condition wzll be ‘seen 0 be related not only

’*q seleﬁﬂxnﬂ of the 1aw of movement; but-aiso to nstablishment of the baﬂ;d dimen- i R

the dzagrém af the mechanisn (m1n1mum radius of the cam, length of the

e chever,‘even~through rational selection of the law of movement of, the i

iher alorie it is possible; as will be subsequently demonstrated, . to reduor

i1y the ‘amount of torqué on the camshaft and, oonseguently;‘to reduce the

i ture of energy ndeded to ‘set the gear in motiom, S ENS L e i

he Touzth condition - assurance ‘of durability and- long 1i£e\of the gear - is

gd not enly by selection of materials for production of the members of the ge
nmtiOnfof'the-dimenQidnB of the ‘members by calculations forgstrengthg b
130 by saximum reduction of -active loads on' the nembers of -the. mechanisn-and by ra

'rning‘éf‘tﬁe individual ‘units, =The‘loads:on.ﬁheﬁmembers'of;theaméchanism

ne law of movement of thé driven member; and for this-reason effort msté

1 seledting this law to réduce’ the forces acting on the members: of the

LEth coadition = simflioity‘of produciion -of the cam profile »:is of great

gnificsnee in’bomparison of variousiversions of the mechanism which.satisfy ‘the

our coniitions 1isted above. It 'is obvious that the version should be selected

shich cozrﬁspeﬁds to tﬁe.éﬁmplest‘and"mostféconcﬁieal production of the members of

{ FORK @A DESSEMENARON FORM h'OR !NiELL!k;ENCE ERANS AT!ON
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the cam gearo Not infreuuently.fn-this situation; the conditiona”whioh ingure §im--
. [

L0usaqusntlv, ‘when s@lecting the law of movement of the driven member it ia ‘ne~
neﬂsary to take into consxderation the. various and often contradictory conditionsp'
Por this raason, before giving conslderation to conerste examplaa of sslection of bne;
law of mnvom@nt of the driven member, it is necessary to study the influenoe of the
individual characteristlcs of the mechanism on selection.of the law:of movament.
These eharaoterlstics includes . 1) the maximum velocity of the driven member,
2} the maximom acoeleration of the driven member, 3) the load impact factor; 4) the
éyring constant, 5) the meximum torque on the caushaft, and 6) the maximum smoun$ of :'
presgure of the,cém on the driven member.
The cheracteristics engmsrated do not, of course, exhaust fuily all the'reguirea
ments which might be éhcountered‘in the designing of the entire varisty of cam gears
of automaﬁic'machinésé Howevér, in the overwhelming majority of cases, comparison of
the various laws of movemeht in accordance with these chgfacteristics will funnish an
adequate hasis for a s@lection of fhe law of movement in which thevfive'conditioné'
mmleded above will be satzafied to the greatest extent,

SOME LAWS OF MOVLMEI‘J“‘ OF THE DRIVEN MEMBER

In szder to faczlitate selection of the law of movement of the driven member, ue

%shall take up certain wzdespxead laws .of movemento In subsequent aectiona there will
b given hoéh the comparative characteristics:of the laws of movement under éonsi&er~; 
aﬁion and the conclusions which furnish a basis for selection of other }aws‘of move. |
" arrange ‘subssquently, wﬁen invéstigafing the various lawe of movement |
of thé driven member, to study only a portion of its dlsplacement in ong direciion,
f?sm ;Eﬁ moment qf stcpping to the one following it, since all the conclusions whieh;
‘may he in such a study may easily be extgn@ed to dbver-tﬁe evént of movemént of g'

samber with any number of stops and double whrokes during avfull revolution |
came.  Mersover, wé shall arraége %o éive'all,graphe, fopmulaa, and funciiéns

only for @ driven member which. moves rectilinearlyo It ias obvious that for a rétatm‘

; drivsn momber. one must-correspondingly replace the linear disflacementa,“%élociu;

and zcaeleration by the angular'ohéqa S e ~

! s;;:ﬁ?;lz'" 134 DISSEMENAMQN FORM FQR iNTELLlGENCE ?RANaLATEON
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haJl demlgnate by t the time of the interval from one moment of stopping of]
. ia drivem mﬁmber to the one’ following 1t and by ai, the amonnt of the conrse ‘tra-
versed dxrlng thls 1ntervalo Then the course S, the veloclty v, and the aocelerat»

ion a in any position of the driven menber’ may be expressed by the amounts Si and t

Sote T )

cve b3 R : w0 (@)

(3)

In these forpulas, the dimensionless ooeffzcients £, &, and € depend on the

5 of movemeht selected and are variable magnltudes which it is oonvenient %o 68X~

' ;orcss as functions of the dimensionless magnitude k, which varies from 0 to 1 and Fe=
esenty She relationshiip of time t to the time of the embire interval ti or of the

i;rn;ng e .of the ¢am O o 'the turning angle duriﬁg the entire intervﬁl o1 i (in

e case of a uniformly rotating cam), 1.9,

R e A R (4)

i

‘Mahle 1 gives & summery of the magnitudes of g, &, and E as functions of the
Emagﬁituﬁe & fOrlséveral lawévof‘movémén‘sn The acceleration graphs a':'f{i) #reﬂalso
i jven in tais table for purposes of illustration. |

\Ail B2
ithree gro

1) iews of wovenant ihahringafhé achievement of the optimhm'magﬁifudé of any

sgle chavscteristic of the mechaniem;

2) lews of movement which are determlned by the ‘form of “the aceeleration graph

the course graphs -

3) lsws of movement whioh¢aré*détérminéd by the form of the curveés whilh serve
‘\‘5 the oen p:%fbilel stk e W

| We 11 take up Ilrst the laws of movement of 'the first groupa-

The optizmm magnluude of any oharactcrlstlc of & mechanlsm ordinarily cerre-
'mﬂndﬁ 0 the conditxon of its constanoy, sincc 1n ﬂhls case 1t is the minimum. TFor
i#his reasou, the laws of constant veloc1t3, constant acoeleratton, constant angle of
presgure, and constant torque have ‘cone’ to be well-known amang theé" lawé“of movement

A .

1t group.’

ACSLFORM | 13A DiSSk:MlNATnON "ORM FOR INTELLIGENGE. TRANSLAT!ON
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ab

‘jon, there being breaks in the seceleration graph, i,en,'aoft impacts ooour.

" 1law ie sometines termed parabolic. The velooity maximm o¢

jihe acceleration changss ite sign, i.8., when ' = 1.

|constant velocity and constant angle of pressure coincide.

impacﬁs~bccnrn

ifriction not being taken into acceunt), and the veloc

ithe welooity of the’ driven member 3 ‘conssquentlys

With the 1aw of conatant veloeity ua‘ole 1, rlumber )y there talsea place umform#

e driven mamber with minimum velocity (with specxfied S anﬂ‘t')'

“beginning and end- of movement the acceleration equals 1nfinity,

v

e law of comstant acceleration (Table 1, block 2) corresponds to verisble mot

‘The

sourse graph represenis & combination of squared parabolas; for this reaaong this

ours in the position whpzé

The velocity graph (tachogranm]

is symmetrical when i - 0o5e

The law of constail angle of pressure ig ‘expressed by the condition”

Ow by

where is the angle of pressure; i.84, the angle between. the line of -action-of the

force §, which acts on the drxven pember from the direction of the cam (the forces of

ity of the point of applicaticn’

of this force Ve
Tn grars with forward-motion cams, the angle of pressure & is proportional to

in the present inatanoe the laus of
In gears with a rotating

sam and a forward—motion7driven member, the geometrlcal axis of which paseés through

the center of rotation of the cam, we have

ts 0 : “"tﬁ‘""?

!whare‘m : the angular velocity of the cemj -
R, iz bhe initial (minimum) radius vector of the cam.
in fellows from (5) that when$ = 0 and. 8 = 5S¢0 velocity ¥ 0, iie., rigid in-

pachs take place ab the beginaning and end of movement. Bquations of the course, ve-

ne of time are usually not made in this instance, |
i

lecity, zrd acceleration as functiol

the prefile of the sam, which represents & logarithmic spiral, being determined di-

irectly.

The law of constant torque is expressed by the eondition
M- consty - ’ . bvtsj

the valus of.he torque without frici;oh"béing'takén into account usually being undery

stood by ihe magnitude Mo

ACSUFORN 13 DiSSEMINAT!DNFORM FC}R !NTEL&,EGENCE 'E’RANSIA'{!ON
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bzmliar ceurse, veloclty, ané acceleration graphs offthe driven member;.ae well.
iag a similer can prolee, are obta:nad w1th the different hypotheaes as to. the nature

of the mhdug&s in the forcas aotzng on the drlven memheru

Rzgid impacts gre - ebeerVuﬁ»’
iin all these 1nstancag if uss is not made of tran31t10n zones outlined in aooordaﬁCﬂ

jWLtn other laws,

it will be seen Irom the examples cited of Lhe 1aws of movement of the first

igroup thal endeavor to satisfy complenely only one characterlstic of the meehanzsm

ninimum of gﬂaatest velocityn acceleration, or torque, ete) regults in the other

chavacterisiics® proviag to be unfavorable. Consequently, the laws’ ef moVemen ef

a gsecond group, which are determined by the form of the acceleraticn graph, have

spread, :By‘changing the form of the arcelevatioﬁ‘graph we may obtain

és of the characterlstlas of the mechanism and find the opt1mum soiutlaﬂ

zaventlgate the laws of movement in which the aceeleratlon graphs ‘are
jﬂ:d@ up of ségments of a straight line., As the simplest example we may use the law
lof constant acceleratlon, d;scuased above, in which mild impacts (;coéler;ﬁiﬁn“jamp )
éacpur in $he c@nter, as well as at the beginning and end’ ‘of the interval, if there

steps af f nite duratlon)

An Jv”e1EVatlon gump in the center of movement nay be avoided by applying the,

Law of naf,m@@t with uniformly decreasing acceleration (Table 1 .numBeré 3 and 4)7
icﬁ is sonetimes termed the cubic parabela law of movement in keeping ‘with the form(

the cenrds grapha

anees of both a symmetrical tachogram {(i = 0.5) and an asymiietrical oné

are glven sanarately in Table 1,

th:on of complete absence of acceleration gumps is satlsfied by the 1&’
& w;*h acoele?atmon changing aleng a triangle, in which case the course
;ts of several segments-of ‘a cubic parabdla’ (Table 1y number 5)
on’ are the 1aws of movement with acceleration changing along a tra#ez-

Yo

numbar 6), from vhlch w6 may obtaln all .the preceding. lawe wlth acce1

ko made hp of segments of a at;alght i*nea Number 1 of Table 1 oontaln$~

“his for the coefflclents g 2 0.5 and g with the peculiar oondition that tbe

zraph is symmeurical and the sectﬁons of constan+ acceleratlon each compriﬂe

e e e St
zﬁuerval in questlono. 4-7 e

b

ddition to segments o; a stra1ghs line, we nay use progressxve polynomials

o :"'f‘;?‘“ 13A  DISSEMINATION FORM FOR INTEL LlGENCE TRANSLATION
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Table ¥ e

Gertain laws of movement of a driven member .

signation | hocelerajion graph

Changa.in. ,acceleration along )
& triangle. : ) o

6 %a}xgéfji'n‘bf}aldcei'exf'afﬁqﬁ'-: : . o 0
slong. g v gq‘azium f : )

8. 1 G ange. dn a,cceleration
' ‘ng a: sme! u,rve (seyme

BT | Constant velooity ‘withv
trangitional deotions S
along a sine curve » 1

oo
A »
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Table 1 (continued)

Course coefficient - Velocity coefficientv

Acceleration coeffic;ent

. w0t

2/i k

e )
1 -4

6e{1 - k)

mooEoe

16
LA6k(1-k) - 27

16(1-k)?

16{1-2k)"

: _:"—32(1:'-“]:‘)“"

eaf3 K
S f3(-1 ok 16k)
2/3(-5-/-32k-32k")
1/3(15 - 16k)

195/3 k
16/5
64/301 ""’,,2:19), .

64/3( (1 - k) -128/3(1 - k]
e x/2 sinxk 72 /2 cesﬂx'h
m - eosﬂ.‘/?l ") i ﬁ/é sin 7(/21 : 2/41 cosyc/zﬂs -
(i - 1)0052(1—»2-%% o 'K/Z sin N;"’"kl - ..UE?.H cos g%-:‘.g

,A» cos’ 27k

2n8in 20k, iy

e co82 R B

DA ]

m(*“b)zt "S'aasﬁizy

s

"‘ ;’ o "» . -
Iy j2au=71)

(1 = o0} (1 - W) fpripyetn

52.‘(?:;-7§injfi k

P
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ﬁideépreé o' Gréphs i thw form of a aoaine curve and a sine curve would be the . -
simples* 1nstan¢ese The law of movement ith acceleratxan varying along a coaine
curve is sometimea termed the harmonie law of movementd (Tabls 1, numbar 7), and the
1aw of movement with acceleration varying along a gine curve, the oycloidal 1aw ‘of
movemen% (Table 1y number 8). = In contrast to the law of movement with accsleraiion
along a modine curve, in cﬁnformity‘with whioh there will be acceleration jumps, if
there ave halt sectors hetween the intervals Bf movement (0, i)’ this law does not
have mild impacts (acceleration jumps). On the other hand, the law of movemedt with
zceeleration along a cosine curve, &8 will be damonstrated furthervon, yields ﬁbre
faverable aluea of thHe characteristics of the mechanism in consequence of dxsplace»
ment of ths eenter of grav1ty of: the graph of p051tive acoelerations towards ‘the be-
ginning of movementa

AA,nc:easful cambinaticn of the properties of the sine curve and the cosine

jourve muy ne obhainsé by application of the law of movement with a course graph in

iihc forn of ‘a sloping sine curve (Table 1, number 10) The form of the sloping sine
;vu?ve is ufamc’cerized by a certain oonstant parameuer b, which varies from -1 t5 1,
iIn Tabla 1, rumber 10, acceleration graphs are shown for two valués of the paramete;'
; = 0.15 and b - -o 15. It ig evident from these graphs that by: altering the parss-
%weter b it i sxhle to displace the center of gravity of the graph of positive ac-

'§celerat~ N preaerving the absence af acceleration Jjumps, With a positive b, the
ia@nﬁei of & vxty of’ ‘the positlve aovelerations is displaced towards the origin’of
;4he coordinated, and w;th a negatlve b, from the origin of the coordinates, When
we hdve aﬂ'ordinary sine curve, - The coafficients ¥, 8, and § are oxpressed byl

Lriary vascsf’abylié parsmebor which varies from O to 1. This pa:amété’z‘f 18 con-

eoted Lo the wariable k by the following reiationship:

ézsim Wz.

In ad Jlnfen to %he laws of movemenn w1th acceleration along a coéins ourve, sinz

2, and slgping sins curve, laws of muvement have also ‘heen proposed for whzch thv

Lon gvaphe represent trigonometrlc polynem;als in the form of the sum of tha
armorics of the various qrderse o |

The lews of movement shown inm numbéfs 2-10. of Table 1 have a two-period tacho-
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: gram, 1uea9 the movement cycle consists of parxods of acceleration and d@uexerationv
If it is ﬂaoeasary to effecb movement w1th conatant velovlty (nhree-peried tachogram)'
'ibabween these periods, any of the ‘aws of movement shown in num“srs 2~10 of Table 1
mgv be utilized for periods of aoceleratzon and deceleration,» An instancé of a
three-period tachogram'with'transitional‘sectorsualqng'a,sine curve (Tablg 1, number |
‘1‘ is nzven as an example. ' »
"Thé laws of movement of the third group are determined by the form of the curfes
lihleh serve as. the cam profile, The appearance of these laws of movament is occaszan
f?ﬁ by the endeavor %o 1nsure the simplest technologloal execution_of the camsab For
rample, oné may receive as multlpurpese equlpment can profiles autlined along the
arcs_of cirg¢leso Equa?iona are not generally made for b, y and a 1n this instancee‘
gince the cam proflle i° determined dlrectly from the condltion of 1ts composition
from eircle arcs, . dnd the extremum. values af veloclty v and acceleration ; avé "Tound |
Ty mean@ of ‘the ordinary methods of kinematlc analysis. We shall remark only fhat
the acceleration graph containg breaking points which are unavoidable’ with [} profllc

ﬁouvosed of eircle arcs, 51nce at the points of their 1nterconneotion the tangents

Gﬁiﬂul@ , bui the radz* of curvatura are dlfferenvo :

Se“e\es profxles composed of circlp arcs, profiles have‘also been propoaed wkich

@ aleng an, extanded 1nvoluta, and these also may easily be reeaived as |
1L1ﬁ30u40 38 equipmento

M&XINUM VELOCITY OF TTE DQIVEN MEMBER

We zhall Legln Anvestxgation or-thn charac»e is ti v affectlng selectien of the

Law of movenent af “the driven member wlth clarx;:catzon of the relationship ‘of the

Laximan vr;aoity of the driven member v ;; to the 1aw of movement with speclfiad 5

. Démigaatitie the maximim vallié ‘6f the cv:oefvficient‘:b in i‘drm’ula“"(é:) by 6max’ #e

A L8 .
b 4 6‘ bl h Lo (7}

B’AaI @ maxvyv i

The gahn@ct on between the magnitude & ' and the law of movement may be clar:v:
byav n‘11¢?at¢o% af the folloalng property of the course, veloelty, and acoel&wo1
froraase in-the course at a certaln 1nterval equals the product of the area of

g

the accelaration graph by the dlstance from uhe.center of gravity of this area to

ACSI FORM ESA DISDEMENAT ON FORM FQR iNiELL!GENCr; TRANSLAT!ON
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v{end of the 1nterval ii’ the velooity J.s a manotonic function equauing zerosat $he
| TAT

'the intervala o
D gnatp.ng the time corresponding to the distance from the hé'ginhi‘hg of ',the in=
?t@rval uO the center of gravity of the graph of the positive accelerationq by 4. 1 on

the b&Sio of i t“his theorem we have for laws of mavement vi’sh a aymmetrical taahograu

(&)

e
| oz O
Taking into consideration the fact that § adt - v, _, we obtain

¥ - cegmeo

| mu«%iuﬁtc o

We ﬂ}aaﬂ 'dés;i‘;";na'te‘ by Mthe distance from 4he beginning of the {nterval %o the
icenter of gravit.y o“ tﬂe area of the graph of positive accelerationé, which e ex-

’ txons of the run sector (0, it ),

Mg | o)

Then, comparing expressions (7) and (9), for laws of movement with a ayatrical

tachogram we obtaln
- By T TUTHR - ()
. 0.5 (symmétrical tachogram), ‘

=

Sy Cmex = . .
For laws of novengit with an aeymnetrical two-period tachogram, on the basis of the
fpzkopert:‘\,ag of “the sourse, veloclty, and gcceleration grephs given above, we heve
» : S Sz (1 M)At Ve : ,
where S, ie ‘the course traversed dui‘.ing the run peried. On the basis of the;sane
{theoren, the caume traversed during the run—out period iss

0= 20 - Dty RORE

Hence,

Syt {16)
iegoy the peint of 1nterconnectmn of zhe run ade rzm—out curves on ths oéurse graph

1ies oun the straight 11ne connectmg the inltml a.nd terminal polnts ‘of this grapho

ACE! FORM — 13A ‘D!SSEMINATgON FORM FOR INTELL!GENCE ERANSLATION

(CONTINUATIOH SH{' ET)

Declassified i - Saniti ' D BOVT 201310972 - ’
iflod In Part. Sanitizod Copy Approved for Roloase @ 50.vr 201510927 : CIA-RDPA-01043R0024000700013
: x 3



RHELATION PAGE NUMBER -

s
et VY e e

i.2b, the ceefficient 8, is determned by formula (12) and does not dépend on the
\relation between the run and run-cut periods.

The values of the coefficient ﬁ ox? compu‘ceq by formulas (11) a.nd 12), are

ven in table 2, in which are aesem’oled all the charactenshcs under discussion

iTor the majority of the laws of movement given in Table 1. The fcllowiné condiueioas

ay be drawn on the bagis of formalas {(11) and (12) and examination of Tébiér'En
{ 1o A31 the laws of movement with a itwo-period tachogram (1.30, wi'chout ‘sectors |

sonshant valccity} in wnlch the graphs of positive and negatlvs accelerations are

iaymeetrical (A- (_365), have the coefficient of maximum velocity 0 ax o 20 U

2, in m‘-der to reduce the coefficient 5 s it iz necsssery to displace the L

wher of gravity of the graph of positive accelerations towarda the beg:.xming of
“For’ er.:ample:y the law of uniforuly éecreasmg accelarat:ons ( 6
11.5), the law cf changc of acceleratmn along a cosine.curve (bmax - 1,__57)5 and the
taw of changs of acceleration along an inclined sine curve whén b§}»0° .

3, The liae_k, of symmetry of the two-pericd tachogram does not af.'i‘,écti‘the magni-

b

"he minimum va.lue of ths coefflclent 6 is obtained with the ieiw"‘af”cona

ant wi coity (E.« - 1), but ginpe with this }.aw rigid impacts will cecur at the |

ad, end of mbveme'nt, an exampls_haa been -given j.n.‘l‘able 20of a thre’é;ﬁeriad;

chogran with transitional sectors along a sime curve with i - 0ot (& ... <"4:1). Inl
' - g - w - . 4

advee E’max’ it is necessary to displace the center of gravity of the grapnh |

‘& zecelerations towards’tﬁe beginning of the interval,f i.e,, ’fadu’cé Js and

reduciisn in the mggﬂitude of i being limited by the condition of iqcre'aé,

celerationg.
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Acoeleration Maztiimg: ,t"q,lgcity Kaxi_m‘aocéll_qration
graph “mex ax
L T4
2
2
667

2,86, .

2 8
G i
- 3 57 493
2.0 . : 6;;9
| 1,74 509
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SRCENUREER
| =
_'1-.: " ‘Table 2 (contimued ) -y
Tume " Cam pfesmure R Maximum %orgue
{ InoreasiDecreas-|Inpact |Increass Decreas! ‘, v ‘
! ing re-|ing re-[losd . Fing re- ing re=| .
: ing re-|iug o |Tee ! 08 ‘e i
; lsigtamc vs‘ist . meta;n sistanc Machining
q | o 1 Aba-p} |
. 1 max |’ gax ™ :
| I
1 1.2 9.6 1,05 | 1405, v
2 1.1 8 B 11 : -
3 0.9« {133
- .2 133 |
4 A o
| 1,05 | 3.45 )
6 1.2 | 8.5 B
7 1.0 | 8.9
1.1 | 3.8
9 a1 | 7.8 e
| 45
: MAXINUM ACCELERATION OF THE DRIVEN MEMBER
" ND THE LOAD THPACT FACTOR
Tha perimam accéleration of the driven member a ... i5 characterized by the co- 3
T:fseff,‘3‘.@31;:11% 5 - which reyreéents the maximum value of the "éoefficien‘l.;» B
} R ' s, )
] ‘ | R T , . g
| ‘mex - “max,2 17
11 designate the relationship of aﬁeia‘g@ acceleration to the maximm fill-
dent by ¥ ) S
e aa‘s;.< ' o . ;
o B (18) |
IR . v
mm'x~ o g
- laws of movement having symmetri’c_al t‘acﬁdgramm we have ..
' S ma:'(,V
: 85v 2. 0%, ;
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i

Substituting in formula (18) the value of By vfrom term (17), aav.frbmvterm (19),

and ﬁmaz fLaﬁ-‘ ern (11), we have

i

;31

max Y -
, nax I "IV (20) ,
{@Z’
] : \ o

S rwtTEEY (@) | .
Similarly, fer asymmetrlcal two»period tachograms we obtain ‘for the run period _
! “max T e
I; max, - “Iy7°- (22) —
jent fox the run-out period, B
; T Emax = m-*7V 3 ' - (23) A

‘Conseou@niiyv the relationahips between the maximum accelaratzons during the run and
?gun»out pﬁkl@ds arerlnversely proportlonal to the corresponding relative duratlens of o =
the periods : : ‘I.]““ amax1 . B . o
"g;;:" PR e L N R (24)
5 S

It follows Trom formulas (20), (22), and (23) that in érdér to reduce & ax? 1
’¢a NECeF/HUTY ta increase the £1lling coefficient ¥ and reduce’the coeff1c;ent §n T
»oeug displace towarda “the beginning of the interval the center of grav;ty ﬂf the
ﬁ“"ph of gasitiVe'aCcelerationso

‘The wminimum value of gmax is obtained with the law‘of movement of oonstan£ ace
"cele;aticn with a symmetrical tachegram (Emax = 4). It must, howevgf, bg borné in
mind thet we must not compare the laws of movement by the amount of maximum acééLeram»
tion withoub ‘taking into consideration the presence or absence of aogeletgtibn'jumpﬁ
g(milé impecte)s Indeed, the magnifude of the maximum acéeleration'ia‘iimiﬁed”by the
wagnitude of the impact load on the members of the mechanism. If'we‘take'int6”éccou@

\the resilionde of the members of the mechanism, we see that momentary change in the

magnituds zad divection of inertia causes elastic fluctuations and increase in the o

Eimpact lesdg. In these instances, when 1mpact loads (loads from the forces of iner-

; predcainate, this increase may be asfimated through the ompact Yoad factoro De=

nating by m the mass of the driven’ member and by P&yn the foxce acting on the

driven newder {taking into accountnthe res;llence of the members), we haves =

13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLA?ION
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dyn

“K sasia

dyn ") Py imax -

it has been theeretlcglly and experimcntally establlshed ZTE;? that the magni~

”au@ of the load impact factor Kdyn depends on the parametera whlch determine the

magn;ﬁudn of the elastxo fluctuations of the: membars of “the’ can mechanlsm (mass of : \

:xme members, their reszllenc&, nature of friction, etco), and on the behavior of the

irgt derivative from acceleration. In a fins%r@pproximationp we may congider that

ter Gheuge in aeceleratlon by magnitude, K ayn = - 2, and axter change in accelerat

itude and direction, Kdyn j 3, When a cceleratlon Jumpa are abs 't, in uu@f

majority of cases Ko o .= To. : ‘ o

yi

Gongeguently, in the case of the law of conatapt‘acceleratipn;&gg”tq‘chéngé in |

lequal to three. | For, this- reason, the au»ual magnituda of ‘maximam 1mpaot on- eTmeme

bers of ihe mechanism w1th this law proves to be much g“eater than, for example, wi
the law of mbvement with acceleration along a sine curve (E - 6.28), even though

on of thﬂ maﬁimum accelerations by magnitudes alome’ ylelds tha opp051t ‘re

»he magnltuda of meximim acceleration is limited by the requirements of

the techuological process, it is likewise in many 1nstanccs not permlsalble‘ perm4‘

ges iu acceleratien by diz ectlon; in both cases, therefore, the law of constant

‘;““qier“w')ﬂ will Ant be the moat advantageous one. T £

If acesleration changes only in magnitude at the ends of tha interval, thie oz |

rring, fmy'exampie, in the case of the law with acceleratlon along a cosing onrve

and in that of the'law of uniformly decreasing acceleration in the cage of movement

;168 {etops of f;nite durauxon), then the load impact factor equals ‘two With the

ihe

sane s of mavement but without movement halt%, the 1oad impact factor equais ong

nce acoel sratlon in shzs case doee not ch ange its magnltude at the enda of an in- é

Vg . . .
I . RV o P

" iservale

nfrjson is made of the magnltude of maclmum acceleratlon of “the" laws of

A

vy

imovenent, 7ifp the cunuicion that acceleratzon Jumps are absenu, the minimmm magni»

_ can be closeWy approx1mated by meana of “the 1aﬁ ‘of movement wlth aceele

ging along a trepezium (Table 2) Of the 31mplest laws of movement in th

.gonometric polynemials, the 1aw of movement Hlth acceleration elong &:C0-

cuze yields & small magn;tude of E , if hbere are no” halts. When halts are

fi‘:‘g?”‘ a3A DiSSEMENATlGN FORM FQR INTELLIGENCE TRANSLATION
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a gn'od' 'result méy,bé 'bhté.in"ed by inean's_' of -the".;‘aw of movement withsz}aglg_ra»

0
épresrﬁn’r‘s9
i
¥

l4ion alonig an melined sme curvm

TBE SPBING CONSTANT
' ”owm locking of the higher peir in a cam gear. :.e uemally aocomplished by a
ring; dim@migns ':‘.’ox"whieh mnst ‘e selected which will msyr_e the ‘abaence of break— '
laway of the driven member from the cams

Leu ug consider separately the &traight and reverse stroke of a driven member, '
and aseune $hat the Yoad on the driven membar consis’cs only of the foroe of the
gpring and the force of‘ inertia;; o

In Maure 1 dre shown graphs of the change in aceelerstion a, the force of iner-

JS
the driv

¢ the force of the spring P in relation %o the path of

via Pi’

§ Quring & straight sirokes

igure 1. I)e‘taminaticn'of the spring Figure‘ 2. Determination of the spring co=
constanh iuring a gtraight stroke. stant during a reversé sireke. 1 - Pig
U F RS L 37 EAR RS MR 2~ P33 By b Spe

5
)

The same gmphs for revarse stroke are given in Figure 2. Let us assume tHe r
frent phs of hsmge of a.caeletation & for the law of movement with & symmetrical tacho=
geam 5o be identlcsl for the straight and raverse gtrokes. In addition, let ue as- “
Fune Um,‘r for vhe laws of movement with an asymmetrical taohogramo the run interml
laweing a z;?féﬁiﬁgﬁt'i'strbkle equals the run-out interval :clu;{ing a reverse stroke.

Phe force of the spring

: Kc’(:sf’-"%% @)

whare K in $he spring censtanty

b‘ ig ?;Y'xe ‘deformdtion of the. sprmg, corresocndmg to praliminary tensicna

Phe cohdition -

pr>s'§, e

in the inisrvel of negative accelerationa dm1 ;

g strai ght stroke snd in the imter- |

‘ml of positive acceleratlons during a reverse ssroke must be fulfilled in order for .

¥

ACELFORNM - 13A Dl&SEM!NATION FDRM FOR !N'EELLEGENCE TkANSLATlON
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‘ ther@ not $o be break—-away of the driven member from the oan.” This aondition may be,
satisfisd ”&:y prcper selection of the constant K and of v_t!-.e _.agnitude of prellminary
‘fsensip‘n‘o’ The problei of selection of the magnitudes md,lcatevl *s solved ‘the most
jeimply by means of grdphs, It is necessary ‘for this purpose to combine ‘the graph
P, = £.0 ) and the graph . fz(S), a;'ranging the 1at§-er in the. way illustrated in
ures | and 2 by the dotied lines. Condition (26) is satisfied if the graph Pp <
{S) iz situated above the graph P -1, (S). At the extreme (if the spring hé.s baen| |
taken without a resérve), the graphs mentiened will touch one another, 'tl'»ie point of
. {uontack r—%ﬂ&lly ‘being near the paiﬁt %héré ac‘:eelera’rion has viﬁa extremum v‘aiueé‘
‘ By w“xparmg the ccnstruct:.on shown in Flgures 1 and 2 we may Bee. that the
apring conshant is idenhical if the ru.n in‘terval of the sbran.ght stroke equals the:
sun-oul interval during a reverse stroke.. The peint of contact of the graphs Pi
s&) and P - fg(s) must be found :m each instance in order that the spring consta,zt
nay be determineds Th@ positlon of this point is determined by the dzmensionleas co=
@ff ic,iéaﬂ:- A@%ﬁ - -S’i»!, where S is the path of the driven member cerrespon&ing tc the
‘w:wm. of contact mdlcg’cem - ‘ ; o "5"' X k»b#
Wﬂ uwl? des:.gnatn by E the dimensionless coefficient whlch chara.f-*erizeﬁ theh
agnd tude of- “mgative; acceleration at thm point, f‘andltion (26) then” aasumea the
":‘:E’(“;J.losfizz;g; Torms '
' S,
Ro(Eay # 533 Grigls
where n {’ the mass of the driven member, '

g ! I 1)

Lt

Aeeuning subsequently for. comparison .of the laws of- movement -that sz =0 mfoo«» )

tain for eostimaiion .of themithe dimens:.onless coefficient
- gmo

4 lms of the ooef‘f:.clen‘t n commzted mth f‘orpmla {28), are gzven in Tablw

(28)

17, The best “esuds are ylelued ‘oy the symmetrlcsgl lawsg of movement in which the
maxdms of mgatlve aec.eleration ia displa o:aards the end of the intmal (dur:mg:
a atraight atx oke) For ’ch:.s reason, th@ laws.~01 movement with acceleration along o

cosine curve, ¥ith accelerafuon aleng an :mclinea qme curve (with b) 0), a.nd “with

uniformiy ueoremsing a\,celeratlon gwe &, muc‘ smaLle" magn:.tud.e of the force of the

ACST FORM 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION
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MAXIMUH TORQUE ON THE GAMSKAFT

"‘Lé,ﬁﬁs xnwatigate the relationships which determine the magnitude of, maxinum
torque on Lha camshafty with the condition that the foroes of fr;ction mey. be ignor~
ed, We shall considar only mechanisme with & rotating cam and. driven member uhieh
0ve pr&ﬁwﬂssively, the 9onclusions drawn from such an investigation will aiso be vas| |
144 for other %ypes of cam mechanisms. In order to take into ascount the influence
of the law of movement en the amouﬁt‘of torque, it is convenient to consider the fol-
lowing four -nstances of loading of the.driven member, |
Fi ,;ﬂsﬁance: Statio 1oad,‘i,e¢, the load of external forces of resiastance
predomirates, the force of reéisﬁanqe P being constant in megnitude.
This ingbance is éf aignificénce for those slow-speed and heavily loaded mechan~
Sems in ?hichmﬁhe'féroaa of inertis are small in comparison to the external forces of

iresigtance,

'vFrom thHe Gordition of equality of power for thevdrivihg and driven members, we

thave

n,pvl.., S (29)

f‘ﬁmxe ® is t&e angular ve]oclty of the camle
Tt foilows from formla {29) that when the magnitudes of @ and the force of re-

gsigténem 208 canstant, the law of ohanga in torque on the oamshaft coinoldes with th@

F@ in the velocity of the driven member, For this reason, the most favor

@abi@.laﬁr £ mevement with reapect to re&uction of the amount of tcrque w111 be thospv
¢h give the amallest magnlttde of the coefficient b /
The force of reaistance 1ncreases in accordance with the linm
) Pmax
P o mg=e Se

S,
i

torque on the camshaft, in accordan&e’with formula (29); has the vglue

{30)

Hogey When T s 5. 25 O and t are spec;fleﬂwkthn torque is propcrtional o the prea

max
th of the drzven member by its veloclty, Bang with 1ncreasing force of

13A D!SSEMINATION fQRM FOR iNTELLiGENCh aRANSE.ATiON
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reals‘tancm ﬁhe i‘crca J of inertla heing 1gnore¢, 11: is Dossihle to oompare me var-

ibug laws af movement by the amount of the maximum of the product of” the dimenaion«

less coefficients - 1] and g N

The amount of the maximum of the product of Bf is computeé aeparately for each

Maw in sccordance with the ordinary rules for finding the-extremum values ¢f a funcm

‘tione It is advantageous in’ order o raduce thls amount to diaplace the maximum of
iv&lacity sowards the beginning of - the intervalo
Thixd irgtances “The foree ‘of resistance decmeases in aacordance with the linear!

Y

3
Paacl! < 82
3.

ordance with formula (29),'the torque on the camshaf$é has the value

P o
I?I " V(Sz. = S‘) o
M- w(1 -g)

nd the lews of mgvement may be compared by the amﬂunﬁ of the’ maximum of the product

I% is advantageous in order to rcduce thés amount to displaoe the maV«:

Smam of velosity ﬁowar&s the end of the intervalo

&nstrnce° Impact load (load1ng from the forces of inertla) predomlnatun;
This ;uwﬁaace 13 of’ sxgnlfioance for those hlgh—speed anu lightly loaded macha :
gfl

spe in which the fcrces of inertia are g*eat in nemparison to the external forces

¢pistance. In this csse, P = ma and frou the con&ition of equality of power Tor thel

Griving apd driven members we have

=g o P Lo . (55)
mt : REIPE g
‘Gonsequently, the maximam emount of uorque za proportlonal %o the maximum amount

i # the produch of the velocity and’ accele;atlon of the drxven membera For this reas

sn, when 20h loa& pradominates 1t 15 possible to compare the vsrioua lawa “of mcv“m

e may"draw‘the'following'con&iusibns ohithé‘basis of examination of formulas

RCSE FORM 13A DlSSEM%NAT\QN FQRM FOR INSELLIGESNCE TRA\JSLATION

2 PEB. 56 ; (COHTI&UAT!ON SHEET’ .

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP814010400240070001-3




S —
PKGE NUMBER
B

\29 -35) and Table 2, in whioh are given the values of the coeffiaiantg‘fiéﬁgigg»iﬁ

§:3:] for several lawn of movementg,

,f the force acting on the drxven member may be oonsidered const

force of iaertla sllght, the minimum amount of torque ig yielded hy- those laws-ef

wovenent which have ‘the smal;est magnituda of 5 < 1ne., the conaluaions relating

4o reduction of the magniﬁude of maximum velocity are justifiable for thi;
ig diréctly proportional $6 the

Lo

2o if‘the‘foroa acting on the driven member

sabh of the driven member (increasing force of resistance), then it is advantageous

to have asymmeirical tachograms with'i < 0:5. Of the lawa of movemsnt with symmet-

eical ta@hwgréms@ the most Favorable prove to be those of the type of the law of

aovement with acceleration along a sine ourve in consequence of reduction of the co-
efficient B i

ficie Ehax’ v
%, If ‘the force acting on the driven member decreases -with increase-in the

o have asymmetrical tachogramsbwith iuﬁ: 0.5, and the pre=

ant and the'{

e instance. | -

path, 1% is edwanhageoua t

leeding conclusion 18 valid for laws of movement with aymmetri tachograms,

f. Tf the force of resistance acting

the force of inertia (impact losd), good results ave yieldad by the laws of movemsnt

iin which the center Of‘grav1ty of the area of the graph of p001t1ve accelerations is

;u;zplac od. fowards the origin of the coordinates (unlformly ﬂepreaaing acceleration,

ac 1@1‘bfﬂﬁ along a sosin@ curve and along an inclined sine curva,with bf)Oa For

texample, the law. of movement with acceleration chenging aldhg

the amount oF maximim torque yielded by the law of constant acceleration.

Thm songlugion that the magnitude of 6 should be reduced remains valid for

other instances of leading of the driven member not digoussed here. Hoﬁever, if

friction i kznematic cauples is ‘taken

4o the effieclency of the mechanism, the COR”IUSIOHS nay change somewhat. “As GoBo

Shaumian ras demonstr&ted, uhe momentary efflclency

mam magndtude with a certaln value of the: angl

oy ‘}ke
that

ig the maxlmum valae of the angl 0 pressure in a given mechanigm. It

raliows from this that the results of comparlson of +he

on the driven member is small compared to |

a sine curve gives half

into account, i.es, if con81deration is g1ven

of a cam mechanism has s maxxué
of. pressure, which we shall designste|

¥ is usually obtained on the cond1txnn

1aws of movenent of the drivﬂ

1

H

r
£
i
iy
H

C‘Rf" EBA DiSSEMii\ATION FORM FOR NTELU ENCE TRANSLATEON
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en member by the magnltude of" maximum efxiclency may vary in relation to the length

of the profile of the can L (for progreaslvely moving cams; or the maxlmua radius

ctor R, { {for rotating dise cams)e

If the apnitude of L (or R ) selected is 8o larae that with the laws of move-

rant being compared

<: C&, in order to incresse the efficlency it is neusssary
to incresse the angle of pressure and, consequently9 gelect laws of movement in whick
;ﬁhe magwitude of maximum velocity is great, since the angle of pressure increaaes
sith increagse in velosity.' If, with'the magnitude of L (or Ro) selected, éﬁa#;>

1 8. {an instance which is meve of ter’ encountered), then in order to increase the af-

ciency it ie necessary’%o'reducé“the'angle'of pressure and correspondingly seléct

; jaws of movement Maving a smeller niagwlitufie of .6maia _
" Maximum gmount ‘of oresgure of the gam 7 : .

| ‘ on ‘the driven member

Withous veking into account the forces of friction, we find the ‘amount of press<

i R T
yre of the cam on the driven member/firom the condition

| U: gy (36)

Tn $hs sase of a progressively moving driven member, the angle of pressure for

1 and progressively moving cams is determined*by the fofhula

; ‘ : ; o D e Ve oo o
v ‘ . “tg @ :-§; » - ‘ (37

-~ the veldc’*y of thé caﬂ;

L is »hc leﬁgth of the proflle of the cam.

.ing the value of the angle of pressure @ from relatlon (37) in formila

saking formula (2) into consideWamzon“ we obtaln

’ . T_Q P -“ L, (38)

57) is also applicable for rotatlng disc cams when displacement of the

gy ur¢ven member w1th respect 4o the axis of rotation of “the' osm is absent.

this inétancé

k =

& the coefficiént ¢ in formula (38) teceives the value . R : :

S A Se )

HTORE {3A DISSEM!NAHON FORM FCR INTELLHGENCE TRANbiAﬂON :
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| CEETE ,
T to elarify the lnfluence of the ldw of movement on the magni
maxtmum n:essura of the cam on the driven member, let us examine the Bame four: ;nw
ces of 1aaaiug of The driven member which were cited above, ; |

Fir@J 1nstaneas 'The force directed along the axis of the driven memher may be
considered &pproximately constants P « gonst.

In thig instancey it follows from‘fnvmula (36) that. the minimum magnitude of
pressure of Qmax’is obtained when.é z const,'igeo,‘with the law of movement with a
constant ~ng1e of pressurea of the 1aws of mcvemant shown in Table 1, the smalles
nagnitude of Qﬁ' ie glven by tnose having a correspondlngly smaller magnitude of

Second inataneea increaging force of resietance' P~- Pmax g; a

In this zﬂstanoe, by substztuting in formula (38) .the value of the force P .and

|baling Formula (1) into congideration, we obtain

= P axfy i -/L 520 9

180y the vgrious laws of movement may be comparsd by the magnitude

!gv_iacl (42) -

In fnrm&la'(41" the coefficient g grows continuously when S varles in tke in-

8K

terval (0, Si) The coeffxclent 8 in the same interval varies from zers to the max-

limum valog ofviqha when v = = Voex and then again to zero, For this reasanv the value

of the coeffigtent” q1 will be the smhller, the ‘closer to the beginning of the inters

iral 1s th pogltion cornesponaing to’ v ax? i.e., the smaller ig the coeffioaent i,
.decreasing force of reeiéténcé= Por 8k (1= m-)

.9 pbéite éonclusibn~is'obfaiﬁéd; in order for ‘the maximxm amount of

e %6 be reduced, the coeffieient i mst be greater than 005, since

‘ Qmax = 9Py’

qg:’i »jvs(l‘ eg )'V 1 _/_5 §G hlm:axu

o

i2light or are absent i.evy 1% nay be considared thgt the force d1reated along the

{axis of the driven memher consists only of the force of inert1a P = mao

13A QSSEMHNATEON FORM FQR INBELL IGENCE TRANSLATION
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PRGE NOWBER

— ASTAT

In this instance

iQéo, the varisus laws of movement may be compéred.hy'éhe mqgnitgdqt N

TN S

Table 2 gives the values of the magnltudes q1, qz,

e
of movement w1ﬁh a constant magnltude C = O 7
{the amomnt of”maximum

ALTHOD OF MACHINING THE CAM PROFILE

evVeny

oo e

aent bed aﬁmpéféa; '

£

§ EE N

o +:

ed 1nv01ute, 3nd profiles of oyl;ndrlcul cams alcng a eptrale

Y

eae'pro;ilﬂg, the

L

m and driven memb

and q5 for the varioue laws

1t follows from formulas (41 < 45)

Ci

preesure of the cam on the drxven member 10 a largguexte co=

tincide with ﬁhe‘cbﬁdlusions drawn in 1nvestlgatlon of the amount of maximum torque.

Al& the preceding conelusions rslating to the obtain1ng of 1aws of movement with)
: thlmum Jﬁéﬂltudes of the ind1v1dual characterlatics will conform.tc real1ty only in

ent that the method o“ machlning the cem proflle 1nsures the obtazning of accu~
mﬁvaménf adopt ed t_re lena than the corresnondlng gifference between thé laws of move- |
ne existing ﬁétﬁéﬂshof’madﬁining'éériéé of cams may be gubdivided into

1o XF “jnirg en multlpurpose 1ath959 by neans 01 wh1ch it is szmple enough to

iles or dluG cans outlxned aloﬂg the arcs of cmclas9 Archlmedean screwy

¥ blank and ‘the tool have the same relatlve movement whichi
7 have in the mecnanlsm \k1nenatlc mehhod of machining) The
v of other proflles, whlch is accompllshed by means of successive shifts of
. and blank by 8 specliled amount in accordance with the shop drawiugwof the

re@uifes thé éxpenditure of much 1abor and ﬁraquentlJ dons not 1nsure the §

alnlng in attachments by means of whvcn 1u is n0531bls to obtaxn cam pri-

»SGOPdlig to the ]aws ef m@vemeﬂn w1fh acceleratlon varylnv along a COBLV“

(45)

and the data contained in Table 2 that the conc1u51ons pertalnlng to uhe influence of s

;

’racy of E“ﬁvmductlon of a specxf;ad profﬁle with whlch dev1at10ns from the law of .

In ‘the mache!

i

EA DESSEMENAT 10N FORM FOR EN'B'ELL IGENCE TRANSLAT!ON

(CONT!NUFAT!QN SHEET) .

dan

Declassified in Part - Sanitized Copy Approved for Release @ 50- Yr 2013/09/27 CIA RDP81-01043R002400070001-3




fawa“"m“i"i@“ﬁf”‘""“‘w"“ [ PAGH NOWHRE

i'mracy of mreduction of profiles of teeth in gear wheels was obtnined anly after IN

v

can nr@f:lles permi.tting the pro&uctian of master forms.

G- premising fom of machimng ia the k.mematic method, sixwe it &

5 moh greater ascuxacy of pra&uotien than &ocs ths copy:.ng methodo in

b, cemmncz himself of thia, it ie enaugh fox- him te racau ‘the fa.ct thaf prenar 20«

‘iraneition frem fhe sopying to the f'l..nnin in (kinemat:c) method; “Per th:.s reason,
v in couparison af the va.rious laws of mvement havmg approximately equal ehexaotsru
:a_;t.um‘, foieT oference lheuld be &vsn to those laws whieh pezz’mit maehining in attachm
:\glenta or en multipuryaoae machines by the ..,.nsmatio method (ase the la.ag‘f ealm ef

lrghle 2).

!v*“&MPLEB OF SELECTION GF TH& LAW OF MOVE%ENT oF TEE DRIYEN MEMEER
For mx*vvest tzelee’rion of the la'av of movement with which are fulﬁlled tha gon=
4itions &,Jwﬂmg ful‘}. canfermity to ‘bhe raqulrements of tha teehnologwal nracesag

sehievenend ¢f h;@ eﬁ‘icmncy, minimum expendituve of anergy, and pmper durahihtf

Jand 1ife J? ‘Phe mechanism, in mway insta.nces ﬂs is neceasa;ry %o make a compax'is@n ﬂ"';

;mvez al warsiens of the law of movemant, since i% frequently proves :mpassibls to

1y all tba mquz.remnts setc However, seveml recommenclations msy never-

setisfy o
funeless be ’.g:i,ven concerning application of the laws of movement for certain standard
Ligges.

ft is vecessary ’c,o ebtain constzmt velnaitz of the driven member

i v g4 d impaﬁts (slow«speed and lightly lea,ded mechamsme) may be permitted,

iing e:f mams dxrect uae should be made of the 1aw af oonstant valocity, the

imagnitude of the mpam lead at *she moment of i,mpaet, tne res;henoe of the mxn‘max"a

muo aecmmﬁ, being verifiaa by the f’ormula

=’7 M,. B SRS (46)

"m

. k
r iz the mess of %he drzvan systen —§Zi~--,

¢ the rigidity of the dmven syatem, de@o the ratio of the: fwce actmg %

wan gysbem.bo the full megnitude of the deformat:,on corresponding $o tbin

2he prefile of a progressively. mmfmv cam obtaine& in this process ig.in th

on of 5 ssgnent of & stralght. linej. the profile.of a roteting disc cam without. :-.,plaé

184 DISSEMINATION FORM FOR INTELLIGENCE TRANSLAT(QN
(CONTINUATION SHEER)
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-placement 1n the form of an Archlmedean screw in. the case of a progresslve;y mov1ng

, f.,“!.,.". g ,x

- o T
IHTELLIGENGE T'RANSLATION

-ﬂrlven msmber or in the form o; an. eplcyblold (hypocycloxd) in the ‘case of a rotatlngi‘

"drlven member and the proflle of g rotatlng d*sc _canm’ wlth dlsplacement 1n the form

of an extended 1nvolute.

All the proflles mentlonad‘admlt of machlnlng by the klnematlc me‘cho&o

‘If with a glven veloc1ty of the’ drlven member v and lts .mass m, rlgld 1mpacts
'.proveﬁto be 1nadmlsslble, but soft 1mpacts (acceleratlon jumps) do not yet cause

:  yons1derable 1oads (due to sllght forces of 1n;rt1a), for. formatlon of the ‘cam pro-
%119 use $hould be made of the same curves, but w1th the addition of t an51t10nal
ssctors out 13ned along the arcs of c1rcles which insure smooth change of veloclty
'lfxom zZero to the constant magnltude and then back to zero. rlnaliy, 1£ 1# is ne-'

"nssary to wv01d even soft 1mpacts, thls necessity. belnv establlshed by prev1ous

o quermlnaulon of the max1mum magnltude of the force of 1nert1a, w1th tne i pact 1oad

T08 CEERNNSE TS v;f-’rrm.n_ :'w”\f ' oy 1<-"&~ 7\:;"-\‘!'-

"f@ctor tamea 1nto aceount and by compar;son of thls mapnltuae with that permltued

uy the COMdlbionS of durablllty of the drlven member then use, should be. made of -
aha law of mo;ement with a three- perlod tachogram~ Por example, 1t 1s p0351b1e tQ

unloy the law of constant veloclty w1th tran51tlonal sectors in accordance w1th

'_uhc 1aw of novement w1th change in acceleratlon along a sine curve (Table 1, number 4
L), since Lhis 1aw of movement permlts machlnlng of the cam proflle by the kine-

tic method.

It is necessary to obtaln mlnlmum velocwty of the drlven member

' with predetermlned magnltudes of displacement of the drlven member 5

and 1nterva1 time t.

]”hxs ;nsudnoe coincides w1th the precedlng ones

Ti 1s necassary to obtaln a mlnlmum magnltude of acceleratlon i

of the drlven member wzth predetermlned maghltLdes ot and t

%_ . The ninimum magnltkde of acceleratlon is obtazned with the law of constant

»eloulty However, as was p01nted out above, the load impact factor must w1thoutL

lIi'a:‘;l be taken 1nto conswderatlon, this reaultl in the condition of abscnce of

co1ermt«nn Jumpse If there are no halts at +hu beginninv and end of the intervalb
the law of novement with acceleratlcn along a ‘cosine curve may be recommended since

fin this case acceleratlons Jumps are absent maximum acce1era*1on is small in magn1n

tude (zmaybg 4o 93), the maxlmum magnltude of the product of veloc1ty and accelerata

ﬁon which ~h~vacterlzes the amoLnt of torque 1s also sufflc ently small' and the

b 13A Di SaEMBNATAON FORM:FOR INTELLIGENCE TRA\lSLATiO?\
6 - ' (con\mr\mmom SHEET
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can profl]e may be machlned by the kinemav1c me VUL

one may recommend the 1aw of movement varylﬂg along

)

'~¢nn1nﬂ and end of the 1nterva1,

'nclined 51ne curve w1th the parameter b :> O (for example, with h

ter results may ‘be achieved w1th the 1aw of movement w1th acce

i SR

'farylng along a trapezlum (common instance of an asymmetrlcal aoceleratlon graph)

Howeverg in contrast to the law of %he incllned 31ne curve, thls law results ln a

‘ form of cam p?OfllP for which there are no sufflolently szmple attachments permth,

‘Llﬂg macn;w1ng ny the kinematlc methodo o - ‘ - ’ ) L

sary to obtaln 2 mlnlmum 1nterval time ti with a spec1t19d magnitude of

'ft is neca
the forces of r351stanc

the fexces of 1nert1& b91ng small 1n comparlooq %0

. whlch areé con31dqred eons ant

(slow-speed mechanlsms w1th a conSuant load) .

Redufulon of the 1nterva1 tlme t w1th a spe01f1ed magnitude of S

hv 1ncreaau in the amount of maxzmum'torquea The mirimum oondltlons of! these mag-"

1n the 1nstanre under conslderatlon we uSm

ultudes generx ally do not 001ncide, b
e of movement only by the maxlmum

mally 11w1’ o&rselves to. comparlson: f the 1aw

‘iuagnltudc of cam pressure on the drzven memberov Then, when the basic dlmensxons of

P smaller magn1tude of the ‘time 1nter a _t' the

R »uhe mechenism are, equal, we, assign

Laws whlcn have a correspond1nglJ smallsr magnltude of tha angle of presﬂure e° i

prassure is obtalned W1th the law of consaant :

¢

. Phe minimum magnltude of the angle of

le of pressure, whleh in the case of progressively moving cylindrlcal cams c01p»

'es with the law o? constant velocltyb In the cage of rotatlng dlSC cams w1zhout 'é

&lgnlhcpm<1mg the cam proflle w1th cons+anu angle of pressure is in the form of a

 :ogar1tbm ¢ splral, hwch cannot be machlned simply - anough bg the klnematic methed

ty in aﬁ61u10n, producee rlgid 1mpﬁpts at the beginnlng and. end of moyementa hven

nl‘echanlsms With: displaoement of Lhe drlven

"more compi acated curves are obtal

ember exd in the case of a rotatlng ‘rlven member, the rlgld 1mpacts bexng retalneaa

app11cat10n of the law of oonstant angle

anqe, in the case of rotatlng disc cams,

of pregsure {1ogar1thmlc splral) wzthout transitlonal sectors cannot be recommendo&

nertla, use

1 sectors

ince sofu 1mpacts are permlsSLble in onﬂequence of tne weak forces of 1

;.;

oudd be made of proflles con51st1ng of arcs of c1rcxes w1th trans1t10na

i

Jch insure smootn change in veloc;.ty°

If the machinlnv is done by the klnematlc

method in atuachments, it is also p0551ble to emplov the 1aw of movement w1th accele

- 51 FORM 13A DISSEMI NATE@N FORM KIBR INAELL?GENC&; "EEANSLATIQN
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)aflon chanvln; along a cosine ﬂurve with i ;> 0. 5, 1;é;; with'an-asymmﬁtrimTtha¢ho»
teran and maxxmum of velocity dlsplaced towards ‘the end oi the lnterval (Table 1,
.umher &), Flnally, 1f the proflle 13 to be mach1ned by the copylng method, 1t is
o posslble ko employ a comb;natlon of the law of- constant anmle of pressu (loga-‘
ithmic spiral): w1th transltlonal qectors accordlng to the law of constant acceleru'
] ationq' 1 ' ?'.-“ '}'-i ' _f_‘, T WL

it is nc@wsaary to obtaln & mlnlmum 1nterval ‘time- t with g speclfled.magnxtude ‘of -

5. the xurces of 1nert1a belng great Hn comparlson to nhe forces of re51stance

(hlgh—speed llghtly loaded nechanisms)

In this case, sthe law of movement; wlth acceleratlon along a. cosine curve, halis

ﬁbeing;aasoqn at the‘beglnnlng and: end of movement,’ and the: law of movement along &n

inclined sine: -CUTVe: (b :2» 0) with: movement halts are o be recommendedn
‘The 7ecommendat1qns 1ndxcated for the flve instances lnvestlgated pertamn main-

'13 t0 ‘the cam gears 0£kau+em&tlc machines; for drives 1t is necessary $0” 1nvest1gahe

in adélujun such eharacterzstlcs asﬂlmpacﬁ in gap tran51t10n, amount of "tlme -= 88C-

hiont, ete.. Moreover; they are- Justlfiabie only in fulfilmenu ‘of: the cdndltlons

scugsed in the. aSSLgnment (ratlo of the. forces of inertia t6 the forces of ‘resist~

'7,nﬂe, ethw In'the. event of deviationifrom these conaltlons, for examnle,uln cdse 03"

creasing or &écreasing'force of,rESistanéé; it is rdecessary tO'make'a mose'detalléq‘

mparigon of the characterlstncs of the varlouu “laws “of movement use belng made oi

the donclusions for@ulafed durlng 1nvest1ratlon of edch. 1nd1vidual characteristlcu
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4 t%g;gFASIC PROBLEMS N THE SHHERE OF VOLUMETRIC AUTOMATIO HYDRAULIC TRANSMISSIONé ¥
bl

Vclhmetric'hydraulic transm;ssiona for progressive | and rotary movsment have be-

ioome one of ihe basic means of sutomation of work processes.
However, the majority of the designs of hydraulic transmissions are completed
5experiment&11y? and much time is conéumed in experimentationo
Furiher development of volumetric automatic hydraulic transmiésions in mech;nin
cal engiveering requires a sharp rise of the level of scientific regearch work t0
meet inorezged industrial needs. Scigntlsts and designérs must solve a number of
ery complicated problems embracing the complex of scientific-theoretia, construc-
;ﬁionalg gnd production questions of general importance which pertain to rofary motion
§hy&raulic arives; comtrol and adjustment, distribution, and reversible devices; and
hydreulic bracking systems.

Increase of %the pressure in the hydraulic system should be notedvas one of the

zprincipal Airections of further development of hydrsulic transmisaions.

At tae present time, operabting pressuieé not exceeding 50 to TO kg/am2 are em-

n‘oyea in he majority of the hydraullc aystemé of machinea, except those in aireralt

iand press construction. Possible doubllng of the vressure will make it possible 10
{reduce the didmeters of the operating cylinders by‘\/‘htimes, and agecordingly the
‘weight of thée hydraulic transmission alsoo

| Iacreesing the pressure poses the probiem of perfecting seals for progresaive

;Qnd rotary motion, Experience has shown that the difficulties connected with the

iereation of valiable and wear-resistant seals can be overcomeo Increasing the pres«§
%sure alsc nakes necesssry the oonduct of scientific research work aimed at improve- é
'!

‘funnv of the flltration of pressure flulds and at seleciion of materials for the par,n
]

£ hydraulic bransmlaszons and pipelineso

The nomenclature of the functional hydrenlic assemblies being produced at spe-

slized niafits should be extended, primarily through ¢reation -of nodifications of

bagic hydraulic agsembliea, on the prinviple of gtandardization and unification.

*arh attention should be devoted to perfection of the tecbnology of produection of
fhydraulac.meehanismso‘ §ork aimed at oreation of modsl hydraulie trensmissions should
\ord in their standardization.

imona vhe scientific and technical questions of general importance, the problem
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of rigidity and“viﬁratlons in hydraullc dTIVGS in partlculq:Jébgul

;% has mot yet been studied wath suff1c1ent thoroughness. Neverthalaas} hydraulic

ayatems are @trongly gubject to yibrationsk this having 1ts effect on the agouracy

«}} operabion ¢ of the machlnes and.the Quallty of the artloles machinedg

Some factors: affectxng reductlon of the 1ntens1ty of v1bra+10n can be explained

av the example of a hydraullc system (Figure 1) including an adJustable pump 1 and

3
‘éﬂﬂ@fablﬂg cyllnder 24 If we ignore the mass of the pressure flnid, we may conaider

";the vibrations of the plston as. vibrations of the systen w1th one degree of freedon,

assuning thab the 1ston9 which 1s loaded with a force Ry ig at a certaxn instant
itaken as the beglnnlng of the rsadlng momentarily reli sd uniil loaded with a load

:ﬁc’ which carregpands w0 the vsloc1ty Vye The plston of the operating cylinder is

Yacted upon by a fores of resxstance (load to be overcome), which, general‘v spéaking,

&
2
§
H

is a funchion of . the veloclty ofdthei9301llatory motion ofﬂthe pison.arising a8 8 .

Eresult‘sf +hie-compressibility of ﬁha‘prgssurs £1vid (Pigure 2),.,, This functlon may be!

i

xeeeding unity are

represented By Payloriy. seried, in which the terms with powers ex

gigcarded:

Ay

) 2 o) # (5 o (r) # =

PO T ."-‘;‘.gg,;,,:;g‘a,,-,,<;’i",_ - H

Figuze Yo Diagram ofwa hy&reulmc transm;ssnﬂn,'

i upi 2 - cynmierﬁ " ghoké. 3

in gé@itidn, the piston is acted on by “the fozce “of résistance, which is the re{

§

iation of the mechanical'parts and which may similarly be represented by

\v)wx-nvmz () F oor |

, the resulting force of re51si

I8 e \iesignate@"(vo) =G and 9, ‘(v 0) -
| ance aching on the piston will be

()= Ry + (@y)E - Yo )e

SFORE  13A BISSEMiNAT ON FORM FOR INTELLIGENCE TRANSLATION

% PEB, 56 ' (c:om'mumwn SHEET)’

Declassified in Part - Saniti: ; . case
anitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP81-01043R0 676001
- CIA- X R002400070001-3 f§




© N o
PAGE NUMBER -
g

STAT

Curve of the velocity of oscillation of & piston.

Pigure 2.
1 « Zone of falling characteristic
Here ¢ and 4 are the tangenis of the angle of slope of the chavacteristics of

the forces of resistance.

The oseillation process of such a system, with the compressibility of the prosgs
are £1uid and leaks faken into account, but with hydreulic resistance left out of
account, ma.y‘be.'dﬁax‘éctsriz’éd by the linear differential equation with a right mem-

bewrs

I, | .
5 + a-fv) T1 + a’L'r)
_/. 9

R_ is the ‘load‘ on the piston; - : o . ' ,

- ' -
1"’"’ ‘o ’ohe rmgmdity of the hydraulic transmmsion according to displace-

ment 5

M is ,ho rass of the parts being displaced‘

A ’r,he veloclty of displacement oi‘ the piston, correspondmg to the lcad R )w :
i
Av is the fall in velocity a8 a result of leakage of the pressure £luid upoxi ‘

cnan 2 of load from R to R0

If the ﬁl"are,cten:stlc of the forces o:r resm%emce in the v, f:wld iz i’a,llztzz.g9

sive, and if the characteris%ic falls steeply enough, an instance is

where @ .,,L °{ -=/ 2 <Oo

The svstew trzen falls into :a,ui:o«-osc:.’t"].ez‘tiong the mtensxty of which may e re~

i;@caﬂsible.

(‘uced by me%asmg the mass M, as well as by the inclusion of hydrauhc reaistance
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in the sys‘oemu The 1atter may bo aghieved, for example, by settang ths ohoke 3 in

In order 0. avaid unnecessary expendi-

the rod recess of the aylindar 2 (Figure 1)

Iture of wower when the hydraulic tranam;asion is Operatlng at larger valuos of A

iths chok@ ig uonnected with the pump consumption change mechanlsm in such a way thab

when Vo Jrcreases, the chcke opening beoomes large?q : : S |

Anto- oscillatxon proceasas frequently occur in hydraullc tranamissions when

various tyne» of valves -are installed 1n themo In this 1natance it is necaasary tc

1nvest1gaue oscillation of the systams thh two or mors degrees of frsedom, the order

of the wifferentlal equatlons be1ng 1ncreaeedq The moat typlcal examplee Qhould be

which Eevﬂ*al*zinv conclusions of gréat praca

4icé1 in portanee may be madeo The solutlon to this problem should contain a gener:

theory of vxbrationg 3n hydraulic transmissiona9 methods of oalculatzene, and son~

structional measures for deal;ng wzth vibrations in bhe mechanisms of manhinssc

Th@ following princ1pa1 d1rections in the sphere of soientzflc regearch and ox-

oﬂrimental works may be distinguished 7

phayed in hydraulic transmisszons, the ma;orlty of which are reversxb1e=

arch of the phenomenon of wear and of the factor

1, Rese

v 6 the pumps depends. Thia reeearch should end in the oreation of deaigns of

vy

her

prmps. and matora‘which are wear-resistant under condltlons of operavion. of the lati

"1 gt igh vressures and which are capable of in

netic machings.

2

Ressavoh aimed at increasing the gpeed of pumps and motors with the aim of

radueing their dimensions.

”hULaugh study- of the progesses of intake and forcing of pumps in orde

ir quzeu operatzon at: hxghvspaeds, as-well -as: study

‘sure\the

L"ity both of feed in pumpS;ané-of rotation for motors, should bg: providéd for-in.

PR

“he plau fo¥ guch worko

3m (reation of compact. end affectlve rotary motion hydranlic transmis

or the piston, slide valve, and gear ‘pumps en=

g on which the efficion

suring reliability of operation of auto-

r to ing :

:of+ the -degree- of irregu- |’

gione for |

iowupower drives (up to 3 kilows bg

b msin drives up to 100 kilowatts in power and for

(automatic qlaupi,iracking s

' ghich are e&ployed_fpr,vg:iouS'purppses of . automation

ssms, robation of articlesﬂandvtables)a;

The Levelopmcnt ox automatio change of speed of rotary—motlon hydraulic trans-

miskions according to a,spgq;fied.law by means of reguiatlon according te- appropriate

F el

é
i
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}parameters ahonld be includad tn the plan for such worka
f the problems enumerated will requzre the per;action‘ot %,

of pumps aﬁd motors and the: inveatigation of new desxgna, Ons of fhe conatruotional
isolutlonm whioh 1naure inorease in the, resxstance to wear.of piston pumpa and motors 

ig slide~valve dlatrlbution accomplished directly by the pistons themsalveso In

this case, the law of change of: opering of the slit through which bhe pressure.fluid§‘

in thezdistr1buting paston passes is the game as tha law of change of axpenditure cf
£1uid being foreed or taken in by‘the_piston, digplaced 90 , and reprssenta 2 cosire;
curve (Figure 3)s Fér’thié reason, the speed of the pressure fluid passing through E
the siit of ths o g@rglli g piston ia conagtant, and, sonsequently, losking 6f the

0il is theoretically eliminated.

Figure 5« Curve of the chang; of dpening of the slit through which the pressuré

flgid in the éLB%Tibuflnﬁ pieton passesn

T4 L total flow of pump; 2 - graph plotted for angle a - 10 5 - v, in neters
per aacondo‘ ‘ L e
, iher has been developed on thls prznciple at the nxperimental Scientifzc Re~ :
: séaﬁch in ‘&»vte for hathes a dasign of a high pressure and 1ow-conaumption pump .
ghich has run for approx;mately 6000 hours at 2 pressure of 1100 kg/cm s In the SbJ“C%
tion of the materials for the pump, it was found that a comblnation of BBKHMYGA
‘gLeel for the block and’SHKBa15 steel for the pistons is the most wear—resistanto
It nay be assumad that such a desmgn may be employed for high pressures up to
and ECT8 kv/cm and for consumptlonl reaching 400 1iters per minuteo'

s

The following cxrcumstanoea hlnder extan81ve employment of rotary motion hydrs; =
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lic transmi ssxons 1n mechanical eng;neerlng, i
nce- the transmission con-

v

s determlned by tm&

ihe dlfflculty of achwev1ug a hlgh effzc&encyy si

a)
‘3iste of a pump and’ motor9 product;on of the efficiency of whlch i
srall of f:clencv of -the transmission; g

b) the large overall dimensions, which compllcate the 1nstallatlon of hydrau)zc
. \

i

ions in machines,

*ansmi.§
he differential principle of op%

A degign of a hydraulic transmission utilizing ®
A design of the spati;ﬁ

r
the body of the pump atd

#igire 4) Hay be noted as one of the new solutions.

.sutied as the basis of this hydraulic transmission,

inehor b

on the slope of the washer 3 (the angle of slope of the washer 4 is con-

‘Dependi.

pant), there may be two instances of operation of the transmissions

T

4, Diagram showing principle of operation of & differential hydrevlic

; 1, with speed regulation for deceleration:
? Led T Mkp
: Y S I TR Ly s M =K oL N = gne
Py o PO gyt N T A 97405
s, yith regul4tiod for'acceleration: et i
i {
i : b . A : :
o = ol - By, g - tip - W K, T Ay
! Py ¥ "th.'1’9 k - . m\v k P ? p = 9-141\;

+ . from auxiliary pump; b - overflow o tanks i

chanism nearest the exit shaft 2 of the 1:1'azxsmissxsmn,7 b

a) ¥he pump is the me

ected towards the motor, the effective torqu@

sream of oil. forced by it being dir

of which is added together with the sorque {Mp) transmitted to the block by the

H
§

sn the direction of reductlovz

§

ation of speed in this case is possible only

H
4
H
i

| } Whe pump is the mechenism seperated from the exit shaft of the tranamission,}
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'A'bging.directed'tbwafds the ﬁotpr; ﬁhg'tarQue éf_which

Revulataon cf speed in this case is poss:hle only in thé'direétioh of'increas@u

The principle of the lfferentlal hydraulic transmission makes it possible to

Eincreaﬂe thevefficiency in the zone of medium speeds, when the hydraullc transmission

oparates as g cluich, and to design a compact transmission capable of operation at

a high ne@&, without the fear of accelerated wear of the distribution devicesz.

At the same time, some of the features of the principle of hydraulic transmism~

; +0 which the following belong, should be borne in minds:

as well aze

1. “he increase in the power transmitted through the pressure £luid,

he grezbest possible degree of irregulerity of rotation of the exit shaft when its

‘gpeed i reduced {Figures 5 and 6); this power, without allowsnce for losses in the

ransmission, and the degree of irregularity of rotation are expressed by identical

ormulas, which have the following form: for operation of the hydraulic trensmissicn

L for deceleration

- (B -- 1)
Ng oy N(Pig /s

6 - 8 (B - 1);
g~ n'p

"

- operatieon of the hydraulic {ransmission for acceleration .

B == H{1 - %“);

o
¢
3

SRAUCS-OF
N : g - B,

the pressure fluid;

¥ ie the power transmitted by the transmission;

p ig the number of revolutlon of the block per minute;

H 8 fhe numnar of revo1utxcns of the exit shaft per mlnute9

2 LE A
; v N @ ;
BAX min ; i1 . . L
------ B i the greatest possible degree of irregularity of rotation
v

of %he exit shaft of a gifferential hydraulic transmigssions
o and ® are the greatest and smallest possible angular velocities of the :

it shafts
1ar velocity of ihe sxit shaf't;

the average angu
5% the groatest possible degree of irregularity of rotation of an ordinary

-draulic transmission having congtructional parameters identical with the

2ifferential hydraulic transmission vnder consideration,
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rotabion.

2, The necessity of changing the direction of rotetion of the entrance shaft |

Lo

?in order %o Faverse the exit shaft, as well as the impossibility of ingtalling the

puap ané the motor at a distance from one another.

The group of control-snd-regrlation, distribution, and reversible ingtruments .

7es, speed regulators, hydraulically and electrically controlled slide

raversxble slide-valve devices, as well as the most customary combxnatlav:

ralves,
«f these units, hydropanels.
At the present time, this group.of instruments has to a great extent been stand

the Experimental: Sclentific Research Institute for bathes;- and -this has

lardized

peosible o arrange for their serial production.

i The onplo; yment of these instruments prdﬁC@L without plpes greatly simplifies

inpeenbly snd disassembly; in the event of &ny defect, they can be rapidly replaced,

i
]

particularly important in automatic machine lines.
the firéction followed in domestic mechanical engineering of equipping machines

lic devices with low speeds of displacement of the operating members(drill:

¢ and horing machines, lathes, milling, and other machines), which is based on the :

lemployment of continuous consumption pumps with choke regulation, requires the cond |

ust of rssearch and design work aimed at the achievement of a stable minimum con-

ERN
LI

lawmption of 25 to 30 cm /mlnu Solution of this problem will insurs reduction of

and weight of hydraulic motors.

Rescarch muﬁt'bé”nroviﬁéd'fbff%éfféhg'tybéé of véxves %hiéﬁ'ié’%éééd o a’ genar

il theory of accxllatlons of uydraullc transm¢sanns, with the aim of clarifying the

sonstructiongl features of valves contributing to reduction of the intensity of osci

e}

The most suiteble methods of damping the valves and the most perfected da-

lzigns for them must be found, and a method of calculation must be developed.

Fairiy well-tested, reliably functioning hydraulic diagrams and functional as-

isemblies sre being employed for the hydraulic equipping of a group of automatic mact

forming sutomatic machine lines. Control devices in which control by slide

vecgulating the cycle proceeds from the camshaft should be employed in instaues
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_whemy due to extensive sgturatlon of. a comple# of automath machines ‘with hydraulic

aﬁs@ﬁb ccntrol;ad by electrlc oz hydraulic means, suffzcxent rellablllty of oper=

ation of the machines is not insureds This makes it possible to reduce the number of

regulating slide valves and solenoids and to increase the reliability of operation of!

the sysiem. - There is need of further constructional development and perfection of

isuch devices, the first models of which have been developed in the_Expgrimental Sei

tific Research Institute for Lathes, o _ ' ' ;

5,  Graph of the relationship of the power of differential and ordinary
: hydraulic transmissions to the angular velocity of the exit shaf®:

1 - Operazbion for deceleration; 2 - operation for acceleration; 3 -

j i‘%; 4= =P; 5 =Py ‘ .

Graph of the relationship of the degree of irregularity of rotation

i of differential ahd ordinary hydraulic transmissions to the angnler
velocity of the exit shaft: .
3 1 - Curve of operation of differeriial hydraulic transmission for dsz 3
i ‘ ‘ celeration; 2 - Curve of operation of differential hydraulic trane- | -
misgion for acceleration; 3 - ordinary hydraulic transmigsion; 4 -
6;5?1556«9 =0 7By

Revaraal of the operatlon of hydrau‘lc transm1551ons is frequently necessary :

qv?oratl< sechines, With insufflclently perfected reversible dewices it causes hyds

13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION

{CONT !xJUAﬂOH SHEET)

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 CIA RDPET-01043R00240007000 13 B



 Declassified in Part - Sanitized Copy A

PAGE WOMEER

62

lic impacths; 1rr@gular dlsplacement o{ the‘6pér§ting_memberp;'énd mapked>§TAﬁrunningo

importance is as&umed in connectiocn with this by-reséarchfwork on the stu-t
iy of hydvaulie Luoaﬁt" whlch oceurs upon braking of the moving maaaes of a machmep

the kinebic @ﬂergy ef whlchg aependlng on the reversal condltlons, is o a' greater bxf

er exient transformed into potent:al energy of deformatlon of the eompreqsed pr*
vz finid snd ‘pipelines. ) ‘:
Studies made at the Experimentgl Scientific Research Institute for Lathes of
1veiatiaz,w » of the pressure of hydrsulic impact to braking time for a closed pro-
:“ﬂﬂsmvw pition hydvaulic system of transmission with an adjustable pump have ghown

hat when she braking time is reduced, the pressure of the hydraulic impact incresss

4 camaot sxceed the magnitude

3
~§~a - P C9
are ¥ ¢ the maas of ﬁhe mov:ng parts of the machihé;
the velocity of the parts of the machines
3 the pressure of the impact;

the constant of the eystem which characterizes its resilience.

she braking %ime %, = 0, all the kinetic energy of the moving masses is
g =W 8

into potential energy of deformation of the pipelines and pompressed flu-)

e et

Cueve of trensformation of kinebic energy imto potential energy in

relation to the braking times

i
Pu = 0.7 Vo w g

. 2 . .
i «F,in kg per em 5 2 - by in seconds,
;

sk in this direction should be continued so as o culminate iam the creat-
hod of compubing the magnitude of the pressure occurring upon hydraulic
ar various conditions {systems) of reverssl, and in constructional measure

ifer perfzction of reversible dev:.cea7 of great importance for which is research work | |
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lon @staxlqﬁhmenﬁ of the permlsslble magnltudes of accsl@r&tlon of the ppgtating nEm-

e machlnes and on study ‘of the 1osaes of energy upon reversalg

war" of

i HJdr@uiic tracking systems are an 1mportant means of adtomatlon of produetlon

rocesaes in mﬁchanlcal engineering, since they posses the following very essential

$light inertness which does not affect the accuracy of operation;

poasibility of achieving, by comparatively simple mezns, complicated dis-

whn of the operating members varying in accordance with the required law;
bility of operabtion and resisiance o wear.

te the f&0+ that hydraulic tracking devices began o be employed for the

ing of nmachines as early as the seventies of the last centurg . the flrat use of
raulic bossters on the ships of the Russian Ngvy belongs to this period), yet &b

time there is still no wulueble theory of these devices. In this respect:

e Pres

ic engineers have lagged far behind the zlectrical sngineers.

iihe hydr

Questions of sbabic caleulation of hydraulic tracking devices, in the field of

‘ghich significant experimental work has been conducted, have been subjected to more

1nhofou*“ study. For this reason, development of dynamic methods of calculation on

{hh@ basin of a theory of automatic regulation and a gheory of, oscillations should be |

an important problem for hydraulic tracking devices. A theory of hydrau-

in traching devices ahould be developed with allowance for the compreaeibility‘cf

¢ f1luid, since the modulus of elasticity of the latter is 100 times small-

than iha'moﬁulua of aiasticity of steel, This feature of the pressure fluid is

of %he occurrenoe of various types of osecillations, which point was men=

assification of hydraulic tracking devices shown in Figurs 8

siended at the present time.

aant swccess has been achieved of late in domeatic machkine %tool congtru

a3

“re development and employment of slige-valve tracking devices. New, origs

£ copying devicee have been developed for 1athes and milling end pecial

shines. However, we do nol yet have the exact characteristics and indices of ail

gng, end this complicates selection of the best designs.

concerning selection of the most rational constructional forms and di-

» slide velves, stress gnalysis for their displacement and the design of
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jisaping devices, accuracy of operation, and optimum amounts-of pressure in. hydraulic

w1

LEN

tracking systems have not been gtudied with sufficient thbroughness? The well-knowsn !

i~

lopinion “hat hydranlic tracking devices should be designed for low pressures {(up to
i

kg/emdf go that significant oscillations may be avoided, cannot be congidered !

sed, since there are tracking devices which operate with préssureé up to

@ 8, Classification of hydraulic tracking devices.

- Hydraulic tracking devicesj 2 - Devices for reproduction of a master

form profile on the part being machined {copying devices); 3 - Devices wi

e

)

djustable pump; 4 - Slide-velve devices; 5 - Continuous control; § - In-
ternittent camtrol;.T - Devices with tracking displacement of the operatiag?
sembers by one coordinate; 8 = Devices with tracking displacement of the '
cperating members by two coordinates; § - Direct action; 10 - Indirect ac-
fiens 11 - Devices for insuring the displacement of machine assemblies

{boosters); 12 - Devices with adjustable pump; 1% « Slide-valve devices;

14 - Devices for synclivonois rotation of two or more $Hefts; 15 < Devices | [N
2ith adjustable pump; 16 - Slide-valve devices.

. been stated, slide-valve devices have bsen employed the ‘mogt extensively

¢ tracking devices., But the increase in speeds and operating forces causei

her developument of mechanical engineering will require the development of

1l hydreulic tracking systems for which the slide-valve principle will

o he ussuileble due to the significant losses of power in choking the pressu:
ihe develapment of hydraulic copying devices with an adjustable pump should : N

sken in connection with this. [

sien of this problem will require the surmounting of a humber of difficultieﬁ
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among which. we’ should count fnst of all the 1nf1uence of leaks m the' adjustable

ot low 1

n\mrw

swo or nore shefts in heavy machines may become industrially important.

4 hydrauiic shafb, ‘ :

aceumcy o+‘ operation of the tx'acl'mg dev1ces, partz.oularly in operation B

racking spee{iﬂo' In slidé-valve devices, leaks in the pump do not &ffect $ha

on of the aystem, since the pump operates on a valve,

H;{cl:*wlw tracking devices should be adopted more extensivély in the future in

achine and maehine to0l construction. Devices for the synchronous rotation ui.

Tndustrial employment of an “"electric shaf4" is observed in the field of elec-

i

iric drive, but almest no sork is being conducted at the present towards creation of

i
H .
i

In nsmelusion we shall note the necessity of further development of hydrewlic .
sransnisniong for changing machine sppeds, the required magnitudes of which mey be
oéeterinined (preselective control),. as well as for the blocking of mechanisms and

remabion of the eperstion of clemping, indexingl and conveying devices.
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HIGH PRESSURE HYDRAULIC DRIVE TN AUTOMATIC CONTROL

The aacceasfullemployMent of high pressure hydrsulic drives in aircraft con-

ction way be of interest to various branches of machine congtruction.

cerning the operabion of hydraulic drives.in automatic coa=|

n quesbions con

@ are discussed in this article on the basis of data published in the for=

i
:
i
i
I

Of importance for aireraft is the weight of the assemblies, since of the total

of the weight of the equipment and

gt of an airplane approximately 50% consists

7 of tie weight of the design of the airplane; in o there is a unit of

ight o the design fer each unit of weight of an assemblya ‘

If she auxiliary power devices employesd on sirveraft are evaluated from the viegw=

then hydraulice transmissions wil

ooint of these two basic indices, weight snd bulk,

have ﬂndisputable advantages over other types of devices, and particular

Da ggen %

ic devices.

@lec

THE ADVANTAGES OF HYDRAULIC DRIVES :

The development of hydranlic drives is proceeding in the direction of increase

. finid pressure and number of revolutions of fhe agsemblies. For this reason, the !

wed atb the present in hydraulic aireraft transmissions cperate within th@i

LIPS 8

The prevalent flu

saits of 4000 and 8000 rpm, and in some cases even 10,000 rpw.

i1 gireraft is 220 kg/cng a pressure on the order of 300 atmospheres is in

gpect for the next few years.

loyment of such speeds and £luid pressures in aircraft implies a high

»igncy of hydreulic eircraft assemblies.

ros 1, 2, and 5 are graphs-of. the relative weights of aireraft electric and

rerierators and motors which demonstirate that, the respective powers veing

mployed at the present i

HE

weights of the slectrTic generators and motors e

tely five times &8 great as the weights of hydraunlic generators and mot-

s apPT oD

desisped for a pressure of 109 k.g/cmz9 and eight times as great as the meight of :

(LD

rators and motors designed for 210 kg/cmgu Even a high-voltage altar.

is gene

ith respect to

ent generator cannot ‘compare with hydraulic generators %

s 4 gives curves which characterize the gain in weight of a hydraulic air-
sm_upon _increase of pregsure from 105 %o 210 kg[pmza
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-The bulk of the hydraullc generator is éight to ﬁinefﬁimésjsmaller thSTAThe
bu]k of an electrLc generahor of equallj great poweva‘

,qulrements for arcuracy and quality of machlnlng of the parts are incread-

ted in cons@.gencg of increase in pressure, since otherwise,fluid leaks would increa®,

. i
‘°erac ing the volumetric efficiency of the .assembly, and in many cases possibly dis~ |

ing the operation of the bydraulic system as well, In view of this fact, the rs-
. 1
juirements have been jnereased for accuracy of production of the basic parts of hy- 1
aulic assemblies, wﬁich frequently must be held sithin the limits of two to four
srong, However, with allowances of two %o four micrens, the danger exists of wed

mobile parts ab low (==60°) and high (+£60°) temperatures. For this reasoi,

. of s moving pair should be made of one material.

Pigure 1., Weight characterisiics of electric and hydraulic generato
1 - Direct current slectric generator; 2 - Alternating current elec-

tric gensrator; 3 - Hydraulic generator with yresqure of 105 kg/&m H

4 - Hydraulic genevator with pressure of 210 kg/om s 5 - Weight, in'kg

& . Dower, in horsepower.

pressure is jnereased, various complications also occur which are re-
ted b0 the resilienea of the fluid itself, which in certain instances may serve as
: pf suto-oscillation of an assembly or its paris.

pressures on the order of 150 kgfcmz and above, aluminum pipelines should

i uge made of thin-walled pipes of

& ma,

. muet be taken into account thab at righ pressures of around 200 kg/cm?
she allowance mey be increased when the agsembly is not aufficiently rigif
wvid leskege inereaseso Increase in pressure is not always accompaﬂLed k

rate reduction in weight; it ig often necessary to increase the weight

ve the design the required. rigidity and duragbility.
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Hvdraulic systems are: euitahle for operatlon at any altltu&e -and’ wzth1n a wxde
favorably distinguishedﬁfrom transmlss1ons of other types by- the: extreme smmpliclty

ore npetween 10 and 5000 rpm does not represent'the 1imité for these assemblies. In

lity of elsstric motors.

ﬁdéitiang.the atability of revolution of nydraulic motors greatly exceeds the gtabi- |

Lemperature rang39 from mlnus 60 to plua 60 and abovea Hydraullc transmSTAnvna are| §

of accomplishing high deg:ees of reduction; regulatiOn<of the speed of hydraulic mot-i§

i

Tpm in the opposite direction is accomplished during a time of 0,02 second.
A important advantage of hydraulic drive ig the gimplicity of accomplishing
srapsmiseion with a high degres of re&uéticn while maintaining a relatively high ef -~

ciciency. Valuable qualities of hydrsulic control are eage of control of pressure

{votation) -and other functions, as well as the gpeed of reaction of the perfoiﬁing

L&

sember to the command impulse of the control emitter, on which depend . the accuracy

snd gensitivity of the drive system.

Tignre 2. Wei.ght characteristics of electric and hydraulic motors~
1o~ Zooﬂelectrlc motor at 2000 rpms 2=~ ?Ocdelact;lc motor at. 5000 rpm;
3 - Electric motor at 20,000 rpm; 4 - Hydraulwc motor with pressure of
10% kg/cm'; - Hydraulic motor with pressure of 210 Lg/cm s 6 - Weight

in kg3 7 - Power in hp.

Fydraulic motors possess a high accelerating ability and slight inertness; thus,

Por example, reversal of the Jhaft of an 8-h.p. hydraulic motor from 2500 rpm t0 2530

{gtresses), number of revolutions (speed), bulk, reversal of the direction of motion
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%, ‘Weight characteristics of electric and hydraulic motors:
w« 24 v direct Eurrent éiectric moibr at 7500 r?m for dﬁratibn'éf'operaﬁw
o0 under load of 1 ming 2 - 200 v three-phase intermittently operating
retric motor. at 12,000 rpm, 3 - Hydrsulic moicrs at 3000 == 5000 rpm wiih
sgure of 70 ~= 120 kg/cm 5 4 - Pneuma{ic‘motors at 3000 <~ 8000 rpm w

siure of 16 <L 18 lcg/cmz ;5 - Weight per hp, in kg; 6 - Power, in hp.

nplicity éf automation of the operadion of controlling the air&raft and

.28 sﬁcul&'be added to the advantages of the hydraulic system,

iraulic system has simplified automation of prelanding operations guch as
@ brake and landing shields, preparatory loosening of the wheels in

liminate "binding" of the wheels at the woment of their contact with the

Landing v

; systems insure minimum time lags in the response of the performing as-

4he time the oommand 1myulbe is given, 1?gs which in hydraullc systens

ned to around 0. 005 to O 0? gecond, Such a speed of reactlon 1s due to-
inertia of’t 1e unltq of the anTau]lc assemblies and to the hlgh speed of
through the cil-filled pipe of the hydraulic impulse, the speed of wh
Tor steeld s and type MVP oil is as high as 970 to 1100 meters per second,
The soaet accelerating ability and amall $ime lags of hydraﬁlic agsemblies have
ible to employ them for automation of aireraft flight stabilizafion, aj
nopard av hazve made it possible to accomplish aﬁtbmatic parrying of gusts of wic

nigied up oy special emitters (receivers), which upon entry of the aircraft inte an

curres’ give a command %o the performing hydreulic booster of the aileron control

RM . 13A  DISSEMINATION FORIM FOR INTELLIGENCE TRANSLATION

CONTINUA{TQN SHEET)

B Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP81-01043R002400070001-3



M Declassified in Part - Sanitized Copy Approved for Rele

t
"PAGE WOMBER ”
. 70

syqtemv Wnlch ln turn deflects the, allerons 1n tha proéer directicn,.'fhe starof such

lan anton sie unit in-practice does not exceed 0,05 aecond, owing to whlch fact the

iailerong ave capablé«of'parrying even very abrupt gusts of wind in time.

Figurs 4. Comparative weights of high and low
1 - Pull weight of hydraulic systam in kg; 2
in kg; 3 - Pressure of 70 kg/cm ; 4 - Pressure. of 210 kg,

The smployment of hydraulics has npade it possible to make the airvcraft contfol
r;gfacess sutomatic to a.large extent, to perfect the control syst@ms, to 6ﬁtain stable
;spea& drs.ves for aircraft alternating current generators, and to dbbain s?able revos
lubien drives for cabin supercharggrs, drives for radio sets, etc.

High tedudtion and a wide range of speeds, from 10-15 to 5000 rpm, are necessary
for the driving of many aircraft assemblies; minimum irfegularity of anguler veloci-
sieg ab low speeds of revolubion and maximum stability of revolution un@er various
aﬁaﬁs are required for this purpose. Hydraulic drives meet these requirements to the

nighest degree, Diavrams of {the torque on the shaft of a standard 8-hp hydraulic mot

a fwct,‘on/ny as well as curves of the fluctuation of the angular vélocity at
0% épeedm cf'revolvtionv which confirm the high gquality of hydraulic motors from

wpping, are given in Figure 5 in order to illustrate the performance of these

ther of tﬁe é#periofitiﬁs ;f ﬁydraulié gystems is hiéh effiéie;ci, which for-

{% 40 5-hp) generators and hydraulic motors in practice is 80 to 90%; with

the efficiency increases. ?igure 6 gives graphs which characterize the
of electric end hydraulic generators. in many instances it is advisable

ombinz hydraulics with electricity, which in a number of instances is superior o
draulice, particularly in rapidity of tranémission of an impulse and in simplicity
eyivg of energy. This prlncnple may beé formulated thus: it is expedient to

;;mploy hydéraulics when it is necessary to achieve great force or to develop great

ower, anC when it is necessery to transmit an impulse, it is expedient te employ
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electricity;f In¢othér wowds, hydraullca should perform in the a;rcnaxtfthe g§2$tion .

Figure Se Charactﬂrlsulcs of a hydrauli motor: ,
: 1= csndntlonal speed; 2 ~ @ 1/Buc, 3 - 12% 1r*egu1ar1ty, 4 -0, 2 15 rpms
i ¥ - 102 kgoms 5 - Mgy = 11 rpms M - O kgoms 6 - 8% irregularlty,

ﬁfr - v
: ~ Ney ; 8 - Deflection angle of shaft; 9 ~ M, (kgem); 10 = Mkr when P - ) -
. 110 xg/cm s 11 - Power on ghaft; 12 - Nﬁa vhen P - 110 kg/cm2 13 = n ov’ ’

9

: 14 - Volumetric efficiencys 15 - Pkg/cn’; 16 = Torque, 17 - n Trpm; 18 -

- raglier of revolutions of shaft of hydraulic motor. : i

=2

of g “musanlar” systems and electricity the function of a npervous” system.

Efficiency of electric and hydrauiic generators-

4 = Hydraulic generator; 2 = Electric generator; 3 - Efficiency, in percands

i . Power, in hpo

g e e T R A

R ; Rewnver, instances of deviation from this principle are possible; even more pirGe
i i 7»\_,

ins ndv1sabil1ty of employlng combined electric and hydraulic gystems, as

EALS

fnentioned abovee In thege instances, the aupﬁrinvatles of electricity (simplicity

~ of energy, rapidity of transmigsion of an impulse, etc) and the super-

L orivies of hydraulics (simplicity of accomplishment of powgr transmission with a

of veduction and high efficiency, relizbility of functioning, etc) may bhe
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utilized %o thé'fuiio
he nrinciple of comblnlng electrxc1ty and hydraulics,iSvextehsively enployed

narticularly in hydraullc ‘control assembllesu Thus, for example7 the dr1v1ng of .

nydrawlic disbribution devices is in the majority of cases performed electricallya

QUESTTONS CONCERNING THE DESIGNING AND OPERATION OF HYDRAULIC DRIVES

Yhe principal asgemblies of any hydraulic system are a hydraulic generator (pump),

nydraulic moter, and distribution and safety devices.

One of the specific features of operation of aircraft hydraulic assembliea is .

she £act that these assemblies must insure opergtion under high-altitude conditions;

shig complicates their funciioning, particularly the functioning of the pumps, owing

=y reduction of atmospheric pressure. The pumps then operate under conditions of

cavitation, which causes erosion of the working pieces and causes the pump rapidly %o

come unserviceable because of- back flow of the fluid and hydraulic impactae.  For

ihig reason, it is necessary in meny instences to provmue a special pressure feed of

sir into thne tanks or employ auxiliary (booster) pumps for feeding the main pumps.

43 has already been stated, modern pumps operate at pressures of 150 %o 200

o on For the most part, gear pumps are smployed for fluid pressures u§ to 150

wiem o

hg/emza Figure 7}shows the design of such a pump and, for purposes of comparison,

So that a high

the overall dimensions of an electric motor having the same power,

volumetric efficiency will be jngured, gear pumps (Figure 7) have a special side

{fzce) sealing consisting of bronze disks a and bj disks b are fixed and disks a are

sovable and are tightened against the gear facea ¢ by springs d and, in addition, by

tha operabing pressure of the fluid moving into the cavities e.

sqiiently, with increase in the operabting pressure the force with which the

diske a ave tightened against the-gears ¢, and hence slso the vightmass of conta¢3

o] increasddn As we know, overflowing of fluid in a gear pump OCCUTS along the rad-

ial gaps between the gear and body, as well as at the points of econtact of the_prbw

" lrilag of +he neshing beeth and along the face gaps, between the gear faces and the

gide covers.

Experiments have shown that the amount of overflow along the radial gaps is ngg-

1igible in usmparison with overflow along the face gaps. This is explained primari-

Ly by the relatively great length of the path of fluid overflow along the radlal LDz

and by the countermovement of the cylindricgl surfaces of the gears. Increa31ng the
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ﬂta in- the matter of accuracy of executlon of the tooth proflle has made it

requirens

.educe overflow at the points of Gontact of the teethol Reduotion of i

{904p30

sverflow along the face gaps is

achleved by means of the compensating device menticﬂ=?

pressure

lsd above, which reduces the amount of ‘the gap with increase in ‘the operatlng

ido

5% the fL

T  Gear pumps
1 = 1 - s = in - Q: -
Jolunetric efficiency, % Doy 2 Cutput l/an Q; 3 Boavt

4 = From tawk; 5 - To system; § - Boost, kg/cn s T = 21 kg,

type pumps sre naually construcied for outputs of up to 100 l/min when

PR
i

7 glvee o diagram of the output of a 30 1/min gear pump in relation to |

> pregsure of the fluid. . Assuming the volumetric efficiency of the pu

2%,

- 0.4 kg/cm , we find that with a preasure of 150 kg/cm it will be 94

in the service periods the volumetric efficiency of the pump ususlly
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decrease&}zbgtiwiﬁﬁ Q}ﬁuﬁﬁ'&%Qig;eﬁraé'deqéiihed (Seé‘fiéﬁ;é 7),V$he'v01uﬁ§ﬂﬁlcvefm
ficien§y‘fyéqgently,evén’in&teééeé ﬁitﬁ'ﬁhe passégé of:fiméQ  Hdwevéi, fhis is poss-
ible only in ﬁhé event of~§rbpef selection 6f the areas which grebaéted upon by the
preasure of the fluid‘which tightens disks s against the gears and releases these
disks from the geafén Obxtously,‘if extremm tightening of the disks agﬁinst the
gesrs is permiﬁted;‘sﬁiatching of the friction surfaces of the disks and gears may

LOCUr,

Figave 8, Multipiston pump:

1 « Conventienally drawn.

Figure 9, Diagram of an allernating output piktom pump.

Experience has shown that the maximum pressure foi gear pumps is 150 to 180 -

kg/cmze Surther increase in pressure entails such compliéaied design and §roduction
sechnology that employment ‘of . these pumps becomes inadvisable, Multipiston pumps are
smployed for preséures around 150 kg/cm? and above, Strucfural.diagrams of the most

widespread pumps of this type are given in Figures 8 and 9. These pumps are produced

AL F‘;:il‘” 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION

(CONTINUATION SHEET)

. B 1
A\l i ' —

S

Declassified in Part - Sanitized Coy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP81-01043R002400070001-3 [



et
SAGE NUMBER

TSTAT,

both w1th gon= adaustable (constant) output (Flgure 8\ and wlth automatic (Figure 9)

'egula+1on of outputb

yeratlon of puups of this type may'be seen from Figure 8.

The srinciple of o
onnected with a drive shaft 1, through & joint 2, is a mlticylinder block 3.
votation of the ghaft 1 and block 3, pistons 4 accomplish recipro

spdsre of the block, sucking in fluid from one of the du

ayli

the opposite duct.
ibed only

ith automatic cutput regulation differs fram the one descr

The pump W
The cylindrical block 1 of this

wilabion unit (Figure 9).
ing (about the axis of its oil

in the position of maximum an

in the T

sated in the plane of the draw
in Figure 9). A spring 5 gtrives to hold the block
ive shaft T

of ziope Fith respect 1o the axis of'the driv
of the £inid fed along ‘the duck 7 o the valves 4 overcomes the for
5, which has peen adjusted To the required pressure, the valve 4 permi
pags iubo the .cylinder 6, The pressure of the flui&, 6vercoming the force ©

1 rotate the cylindrical block 1 tpwards reduction of its an

e shaft 7. When the maximum pressure of the

te the axis of the driv
of the block 1 equals

-.J'

ached, the angle of lope

she pump ¢eased.

wigure 10, Performance of an adjustable pump at 4000 rpms

1 - Qutput of pump; 2 = Q, )/mln, 3= Ry t
6 - Total efficiency; 7 = By

5”ntta
9 - By ke/cm ; 10 =‘F1u1d presaureu

performance curves of sucb a pumpo

s 10 gives the

case in the pressure the output of the pump decreases somewhat;

Upoz: ‘.'
cating motion in the

cts 5 and forcing it inte |

pump may be To-
-pipe journals, not showil
gle
However, after the pressure
ce of the spring
tg the fluid
£ the

gle of alapa.

zero and the feeding of

- £(P)5 4 = Byop (P
"8 - Volumetric efficiencys \

As may be seen fron the

!
how-
y and at a pressure

|
%
%
|
|
|
i\
B

aver, ab o pressure of 190 kg/cm the output curve falls sharpl
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the curve aelected de~

) The sharpness of

of 220 kg/cm the output decreases to’ zeroo

The aCﬂaleratlng ab111ty of this pump in practlce is computed

pen&s on actual needﬂn

such & pump with automatic dlacharge is capable of

in hundredths of a second, 1aeu,

javeloping and delivéring practically instintaneously the maximum expenditure of

fluide Requirements for such a great accelerating ability are made in particular in.

jrcraft and in the weapons control systems.

stability of . the pump

the prudder control systems of a

In certain inétancesP for the purppse of increasing the

umping’angle of the delivery Q (see

ingt antooscillation, the steepness of the &

EFigure 40} is reduced by selection of appropriate springs 2 and~ 5 (See Figure 9).
The wolumetric efficiency of a pump of this type is 97 to QB% at 200 kg/cmza.

& Figure 11, Hydraulic motor.
i 1 - B; 2 - Along A3 3 - Along BB.

Phe pump just described may also be employed as a hydraulic motor, In practice,
e-valve distribution and a fixed cylinder block are -wide-

2(Figure 11), The drive

Inydreulic uotors with glid
¢ systems with pressures up to 150 kg/cm

vead in hydraull

'}1 )

; 1aft 1 af %his hydraulic motor, which is connected with an inclined disk 4 has on

ve' 2 which is mounted on the eccentric pin 3 of

jeft tip o distributing glide val
on rotation of the shaf$ 1, and together. w
in the cylinders of the fixed block 63

ne shaft 1. Up 14k it the inclined disk 4.

i
ithe pistong O

5 accomplish reciprocating<mot10n
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alterna ely

the distrlbutlng sllde valve 29 periormlnn clrcular osclllatory motlon,

ihe openings 8 of the cyllnd

B

ers thh the corresponding ducts T and ¢ (fluld 5

and dlscharge 9).
The ﬁmperiafity of these hydraulic motors is the great acdelerating ability

ny virdue of the faot that their cylinder is fixed; aside from the pistons,

the only mcving part is the distributing slide valve 2, which here performs circular

ozeillatery motion. In practice, reversal of this bydraulic motor from a maximum

ed of 2 - 2500 rpm $o & maximum speed of n = 2500 rpm in the opposite direction .

28

02 sec. The service life of these hydraulic motors,

- n 0

savolntien is accomplished ir

o/

W proper use, may be extended to 5000 or more hours.

sulic motor with pipelines, we obtain a rotary

By coungcting the pump and hydr

Yype hydranlic drive (coupling). Regulation of the speed of revolution of the hydr-

in these drives is usually ‘accomplished b

y changtng the amount of fluid

delivered vo the hydraulic motor. The latier is sccomplished efther by regulation ¢f

he owipai of the pump by changing the length of the gtroke of its piétong or by re-

Lhe

imiting) the delivery of the f luid moving into the hydraulic motor by

seans of a choke. The sirst type of regulation is generally employed in high power

ovar 2 or 3 hp) drives, and the second in low power drives.
\ 9

pigure. 12, Diagran of.a gtable revolution hydraulic drives

1 = Hydraulic motor; 2 - Pump.

zgt are hydraulic drives in which the number of revolutions of the exi

+ se oosometically maintained in the required relationship to a given parameters

4o insure a consbant speed of revolub-

for sxample, it is frequently necessary
1o of the swit (motor) shaft while the speed of the entrance {(pump) shaft is ver-

d by connecting the in-

T ﬁrivesvof_the‘type described this isvaccsmplishe

in the pump (Figure 12) through a hydraulic booster b with a cemtrifugal

which, upon disturbance of the established speed of revolution of the

2y

 for any reasong correspondingly changes the angle of slope of the pump
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exit'éhéftvof'thé hydraulic motor.

dislk and r@stor@s the speed of revolution of the

Ag we know, the efflclency of the hydraullc drlve desrrlbnd has its’ mazimum val-

uz only for a specifwc performance and when these: performanc@ are employed, ‘the ef-

ficiency of the drive decreases. When a pump and hydraullc.motor of the same size

of the pump corrgsponds to this paximm efficiencs
which

Hydranlic drives have been created on this basis in/power is transm

lare employed, the maximum delivery
itted to the

driven uni% in two ways: through the direct comnection of the driving and driven

shelts and supplementarily through the hydraulic drive, which in this inatance trans-

miks only a portion of the power. In these transmissions, the hydraulic drive merely

zads (o iakes away) the missing difference in speeds., By making use of this it is

possible te change the arrangement of the drives so that the pump and motor will opery

ate under conditions spprosching the optimum.

Hoteworthy smong the drives of this type is the hydrodifferential drive, a dia=

of the principle of operation of which is given in Figure 13. The entry (driv-

shafi of the drive is shaft 2 and the exi® (driven) shaft is shaft 13 In this

11g)

the punp (adjustable member) 14 snd the motor (non-adjustable negber) 15 eith-

Arive,

3r rotate ¢s & whole, on bearings 1, or the hydraulic motor rotates at a lower or

higher speed then the pump, or rotates in the directicn opposite the direction of

wotation of the pumpe

When $he angle of slope of the pump disk 4 is zerc (neutral position), the hyd-

renlic motor ig rigidly connected to the pump through the fluid locked in the leinén

: ars of the pump, the rotor of which is in turn connected through gears 5 and 6 and

shaft 2 with the source of power, in this instance the aircraf? engins,

.Power in this case iu transmitted from shaft 2 to the exit shaft 13 through the

pump and hydraulic motor, shich function here as the intermediate between these two

lahafts. Tre relati%e slip of shafts 2 and 13 is determihed by the volumetric leak-

g2 of ths fluld located in the cylinders of the pump and motors

L0

When the disk 4 is inclined in one direction or the other, the pump imparts

sither sccelerating or decelerating motion to the motor. in the first instance, the

amp 14 delivers the fluid into the operating cavity of the hydraulic motor 15, and,

jmparting relebive motion to it, imparts additional revolutions to the exit shaft 33.

fn the seccad instance, the operating cavity of the hydraulic motor is connscted to

tna non-operating (intake) cavity of the pump, as a result of which a portion of the
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finid from tye‘pperatinéfcavity of the. hydraullc mntor penetratea inte the S&lp, i.ey

ithé‘J{'~ : .c‘motor‘bperates as a "pump" for acceleratlon of %he pump. In gonse-.
quence of this the hydraulic motdi "glips" w1fh respect to the pump, as & result.of
ioh ity speed of révolution decréases. It is ¢asily seen thet the amounts of ac-
lerating or decelerating motions of thé hydreulic motor depend on the amount of the
vogibive or negative angle of slope of the disk 4, which amounts in a stable revolu-
» are regulated by a centrifugal or other type regulator 10, which is con-

sched bo the axis shaft 130

Diagram of & hydraulic drive.
pump 8 gerves for lubrication of the drive, and the pump 9 for delivery
thxough,thehchamber 12, into .ihe. main pump feed cavity-14-an@ for feeding
@ hydraniie «ystem 7 o: thc sneed governor. In the line along which tHe fluig is
cun imns the tenk is installed a valve 11 which maintains in the power line ¢f i i

sgsure necessary for driving the pumppistons 4 and the inclined diek 4

- instances 1t iz neceassry to achieve stable speed of a hydraulic metor

from the cemmon‘hydraulic sysbem of the axrc;&xt the output of yhich ex~ 2

da of this hydraulic motor. In this case special governing devices are
2% the exii from the hydraulic motor 1 (Figure 14) which hold constant the

£luid drawn off the hydraulic motor. It is obvious that disruption of
135 DISSEMINATION £ORM FOR INTELLL IGENCE TRANSLATION
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ithe speed stablllty-of the hydraulic motcr when

caused only by, change 1n fluld ovsrflow

Ihydeanlic mo%or) due to fluctuatlon in the load o

temperaturee‘

Diagram of the speed- governor of a hydrsulic motor.

Pigure 14,
4 "= Prom hydraulic system; 2 - To tanke

A throtiling device (Figure 14) consisting of

1gtor 3 which holds constant the pressure of the

wsed as o very simple regulator of the consumption of fluid leav

the amount of this pressurs is determined b

L0

lepring 4, which receives the pres

i :
"% Under the conditions established, the force -of the pressur

1

ishe plston B

of -the valve 6 and the force of th

i

lvalve 6 with ite tapered part throttles to some extent the fluid,

Upon change 1n the pressure of the fluld

N

she required oresaureo

asher 2 due o any canse (uhange in pressure at th

ivice, change in the viscosity of the fluid, etc

lshrough vhich the extent of the fluid throt tled by it changes a

um of forces -- the force of fluid pr

an equilibri

‘tension of the spring 4, iveﬁa b

suéh:a défide'ia present can be
(change in the volumetrlc efficiency of the

T the hydraul;c motor and in oil

a tnrottllng washer 2 and a regl-
fluid in front of this washes may be
ing the hydraulic et
\g the'degree of tightening of the

sure of the fluld on the piston of the valve So
e of the fluid agalnet

e spring 4 are neutralized and the
thereby providing
i front of the
e entrance $o the throttling de-

), the valve 6 takes up a new positicn

s required to maxnta,
essure against the piston 5 and the

o maintain the prehsure egtablished in front o

washer 2.

! Experisnce has shown. that a very.simple &

upee& stability of & hydraullc motor.

9

overnor such as this insures adequate
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Hownv@rg in instances where part1CLlarly hlgh speed stabllity (=0.5%) is neces-

‘  1°ment thls regulator use may be made of spe01al gpeed 5overnors whlch
react to ;ev1at10n in angular velocltyo These governora may be of the mechanlcal

'2l) or electric typea In Figure 14 is a dlagram showing the principle of
speration of sufh a‘governor T v '

The sovernor T is a throttle-slide-valve device connected parallel to the pres-~

sure reguistor 6 already discussed and which, depending on the position of the slide-]
valve §, rermits a greater or lesser guantity of fluid to pass through itself (bypassi

the throttling washer 2), It is clear that reduction of this quantity of fluid

3 peiuction of the speed of the hydraulic motor and vice versa. The slide valve| B

5 ig displaced by the speed governor of ome or the other typeu In particular, with

an slechric sype governor, change (loss of adjustment) in the angular velocity of the
ghalt getwv431y changes the voltdge ‘of the electric current, in conseqience of wiick:

the -slids valve 8, which is connected to an electromagnet 9, occupies a new position

ium with which the loss of adjustment in angular velocity is eliminated.

af equil
Ta the diagram given in Figure 14, provision is also made for adjustment of var-

+f the pressure line, adjustment which is made by feeding this pressure in-

DISTRIBUTING DEVICES

, driven (Figure 15) or electromagneticaily driven (Figure 16) slide-

are generally employed as distributing devices. Electromagnetically

sontrells 1 slide-valve devices (nlvure 16) have become widespread in the aircraft
milding industry. Here, electromagnets J displace an auxiliary slide valve 1 of

11 diaseter {3--4mm), which feeds the fluid to the faces of the main distributing

e 2, setting it in thée position sorresponding to the direction of flow of

slectromagnets 3 are cut off, the msin slide valve 2 is set in a cen-

Wien

gl posision, in which the cavities of the cylinder are connected to the overflow:

¢i:adventage of the siide-valve device just described is the difficulty of in<

necessary hermetic sealing. - For this reason, the use of flat slide valves

Figare 17; has begun in recent years, The function of the auxiliary slide valve iz

sre by balls 6 which are acted on by electromagnets 5 overlapping one port

kst F?,?F’i 134 DISSEMINATION FORM FOR INTELLIGENCE TRANSMTION
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or the other w1_h hhe ballsp e

The 7luid from the pump is fed along the port 9 and moves through the sleeve 8

from which it is d1rected, ﬂependlng on the p051tA

0 the dlstrzbutlng sl1de valve 1

ion of the 1atter, into the left or right port 10, which are connected to the power
‘1inders. TIn the central pesition of the slide valve 1 (shown in Figure 17), .the

cylin
ne slide valve 1 is covered.

wort of the
e 1 is accomplished by feeding of the £1luid into

Displacement in the slide valv

one or the other of the cavities 4 by pistons 2 and 3, the inner plstons 2 shifting

the slide valve to the end position and the piston 2 getting the slide valve 1 in the

) otromammets are deenergized. In

central position (see position in Figure 17); the electromagy

this instance, the fluid is fed into both cavities 4°

Figure 15. Slide-valve distributor.

cylindrical slide valve:

Elgctromagnetic distributor with
4 - To power

Figure 16,
2 - To power cylinder; % « From pumpj

1 - To tank;

cylinder.
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it by a spr

e é.rh:éﬂ ¥

netic sealing

quired for their manufacture.

kA

lowling wi

&

o

E

2 ig moved

The sleeve 8 15 fltted agalnst th

ing 7 ‘and the pressure of the fluide

Tt wae shtated above that in the maaorxty of modern

sooater (hydraulic booster) r

£

2d 4o the rudder mechani

aerte Ty 3, OT 4 into one or the

t‘slzde valves descrlbed above are

e flat sllde valve 1 and is t1ghtened against

characterized by & high degree of her-}

( ractically complete); however, considerable production gkill is re-

aircraft use is made of

udder control which operates in accordance with the fol-

pread system: $ke piston 6 (Figure 18) of the power cylinder 1 is connect-

sm; imside the power piston is a slide valve 2 to which the

at slide valves

Piguce 17, Electromagnetic gistributor with fl

1 - Prom pump; 2 - To tanke

Diagram of a nydraulic booster:

k; 2 - Connecied to drive unit.

Figure 18
1 < Conneated to control stic

“hrough pert 50 .As nay be‘seen from the diagram, when the slide valve

from the neutral p351t1an in one direction or the other, the fluid moves

other caV1ty of the power cylinder 1 end

thereby eliminating the loss of adjustment of the positions

acement of the latter.

s piston 6,

on 6 and slide valve 2 resulting from displ
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S A

ja = b, the free travel of the slide valve is reduced to zero.

the movement of the slide valve praetically without 1ag~

It will easlly be seen that Jf the required fuel consumpﬁidn ig providsTATfor and

if the oil 1ine ports are properly made, the power plston, and with it the rod con~

nnctsd to the drive unlﬁpw1ll fcllow the distributing ‘slide va;va with a minimun lag

{loss of adjustment), which is computed in fractions of & millinmeter, depending on

the gpeed. This loss of adaustment depends to a large extent on the amount of over-

lap 8 = ?-é B 6f the slide valve 2 of poris 3 and 4 (dimension figure b) by the
shoulder # {dimension figure a). It is obvicus that w1th ZET0 overlap in the event

In this case, the logs
in jravel adjustment, particularly at low speeds, will be negligibly small; the -slide

walve 2 is in a sense rigidly connected to the power plsbon 6, and the latfer repeats

In view of the fasct that it

ig difficult to achieve zere overlap, in practice it is pade to equal S = 0.05mm. - In

cerbain caszes it is senslb}e to place the slide valve not inside the plston but out-

side the pewer cylindery connecting it in this jnatance with the moving piston by

neans of levers (Pigure 19).

wa

Figﬁre‘19a Disgram showing the principle of a booster drive,

¢ it iz necessary for the wgensations" of the rudder ic be transmitted to the

14

cantrol stiok, the kinematic connection of the slide valve and stick with the power

siston should be made as ghown in the diagranm in Figure .20..- Depending on,the relat-

<onship betwden shoulders a and b, it is possible +0 prov1de for "sensation“ 1n the

sontrol sticks that genetallj selected equals one-twentieth to- one-third of the foroe

1 pe transmitted to the control stick inm the case of ordinary boosterless

control. Hence, thanks 1o the employment of hydramnlic boosters, we can provide for

any force in the control stick, from-zero 1o full force corresponding to boosterless
sontrol.

The vwhilization of hydraulics in the control of aircraft has made it possible to

semploy a spacial sutomatic device for imitation of the forces an the control stick

& -

4ot from the moment of swivel of the rudder but from the amount of flight speed or
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acceleration gf;;hg‘aircrgffe‘ In this @asévthe fdrégS'whiéﬁftakeuinto:accaunﬂ the

iiepeed and acdeleraiién of the aircraft are transmitted to ‘the siick by special auto-:

devices. This has made it possible .to créeate perfect aircraft cbntrbiﬁ§&§¥éhsl

Figure 20. Diagram showing the principle of a booster drive with

load on the control stick.

Noteverthy is”the prelimindry Ioosening of the wheels in the air prior to the

ding of the aircraft which is employed ir moderm high-speed aircraft with the ain

¢ reducirg the load on the landing gear and of protecting the wheels from "pinding”.

wheel; in addition, the wheel may, in consequence of the great moment of

“hind" on the concrete for 40 to 50 meters and more, thgreby causing incree&i
5i the landing gear. The positive effect of employing éreliminary loosening
a is especially noticeable in ﬁigh=3peed"ana heavy aircraft. When the
is extended, a special hydraulic notor AFigure 21) which serves tg drirg
is automatically turned on. It is usually placed in the hollow axle ? of
1the wheal, for which purpose a special slot is cut in the axle. The shaft 4 of the
aranlic motor 2 ig connected to the wheel 3 by means of gears 5.

G M Aar s T RS A AN A AL L
ifhe: the wheels of the aircraft touch the ground and the shock absorber is com-

feading of the hydraulic motor automatically ceases and the wheel slips on

ccseleration device 6 with respect to the hydraulic motor, which is station-

i Ca8e.

of the problems of extreme importance to the aircraft industry is that of

matic contrel of the braking of aircraft wheels during the ground run.of an aire

importence of this problem consists of' the fact that in effective manual

pilot always runs the risk of causing "binding" of the wheels, which is

secompanied by ruining of the tires and frequently by damage to the aircrafi.
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{CONTINGATION 'SHEE?)

Declassified in Part - Sanitized Copy Approved for Release '@ 50-Yr 2013/06/27 : CiA-RDPE1-01043R002400070007 5



Declassified in Paﬁ - Sanitized Copy Approved for Release @

e e T T A AR TARRT ETY

RRRTATION e T FAGE NUMBER
o ) ) STAT

In view of tﬁi@,;fﬁéfpilbﬁ:ﬁsually_dbes‘nbt empipyLéffe¢tivé,braking, and. in conse-

guence the 1andingArunfcf the dircraftvis'lengtﬁeﬁeddz"

Figure 21, Diagram of hydreulic drive for loogening the wheel of an

aircraft.

Varicus automatic devices, of which devices of the inertia type have received
e widest usage, are émﬁioyed for rore effective utilization of the brakes, and
ace for reduction of the length of the run of the aircraft, while at the same time

inate the danger of destruction of the tires from "binding" of the wheels,

argy of o pilot wheel which rotates jogether with thé'wheel, in order to transmit

impulss for releasing the brake of the wheel, in the event of loss of adjustmert
retween tne angular velecities of the flywheel and the wheel occurring during the in-

i .
jitial stege of entry of the wheel into "binding" (when the wheel decelerates as it
q
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Diagram of an antomatic breking devices

Pigure 22,
2 - To brake; 3 - From valve;

1 .« To atmosphere;
5 = Wrom braklng valve; 6 - To overflowo

4 - To brake;

DRt RIS O R

S Ml “ PRV
&

The automatis

TR

In figuréiéZ ;a a alagram showing the prlnclple of such a deviceo
cevice is inatelled bn’thé fixed part of the wheel (the brake part) and is conmnected
"lia the wheol 1 by means of gears 2 and 3; the‘flywheel 4-of the emitter of the suto="
is connected by means of & cluteh 7 and sléefe 5 with a shaft 8 inside

natic (e

lwhioh i8 howsed a push red 6
The slceve is connected on one side with the flywheel 4 by means of the clutch

+he shaft 8; however9 the turning angle

7 and on other side is mounted loose on

of the sleave 5 on shaft 8 is limited by the gize of the dam out made in the outer-

rod 6 whish 8t thd

and of the sleeve into which fits the-perpendicular cam of the push
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o the shaft 8.

rod from turnlng ‘with respect b

game time mr@vents thms push
eal T by means of the cluteh T,

whlch is connected w1th the whi

© The fiywheel 4,

erated upon

ntll the moment the wheél 18 decel

rotates synchronously with the wheel ul

t of the angular veloci~

loss of a@justmen

effective wraking, in cohseguence of which

continuing to rotate with the

.and the latter,

wheel and'flywhéel ocours;

eve 5 on the shaft 8, heredy forcing out with

sormer angular veloclly, turns the sle

which, pressing the lever 9, closes

the cam chamfers of the gleeve 5 the push rod 6,

elec-

10; the latter in turn feeds current 1o an

the electric contacts of the gwitch

1ve 12 %0 the right, cutting off the delivargof

tromagnet 11 which, displacing 8 V@

-

prakes from the operating line 13

of brakinge

1

£iaid to the and connecting the brake chambers E EP
E
i

with the overflow line, caunses discontinvance

e with the sleeve 5 to the angle corresponding 10 3

After the flywheel 4 has turn

%, the sleeve 5 is stopped by the tw1n cam. of the push rod 6

the width of the cam cu

the coi-

91ipping on the clutch and through the lever 9 holding

The flywheel rotates,

tacta of the electric switch in the closed position.
However, after the braking of the wheel has been discontinued, it momentarily
ng to the progressive speed of the aircraft.

soaumes an angular velocity correspondix

rtue of the fact thab the flywheel loses 2a part
the shaft & overtakes the sleeve 5, restor

haft 8

i'h:' b3
i ir

=

in cOonSequence of braking of the clutch,

ing its fowm@r‘position, and enables the push rod 6 to embed jtself in the s
4 and disconnect the contacts of the gwitch 10: As

under the qctz&n of the spring 1

of its speed during this tine %
i

E

|

i
and the valve 12 under the ace %
i

s result of thl@ the electromagnet 11 is deenergized

sian of the spring 15 occupies the left position, which corresponds te praking.. ‘
| Tn certain types of similar auiomatic devices, the flywheel acts directly on tﬁﬂ

e 16 of the wheel.

nrake relense valv
fxperiments have shown that such an autenatic device reliably prevents wheels 1
g on an ice2- .covered and

irron "binding® under the most unfavorable operating condition
!yartially ige=coversd airfieléds The sengitivity and speed of action of the device

see such that 1t can insure up to 6 to B operations per second.

snother of the mers important problems is that of provi

i

§

i

|

{

i
iding for hermetic seal- % i
Eiag of the units. This question is of ‘such great importance to hydraulic agsemblies % ‘
tnat it may be stated without exaggerating that the level of constructional and'pro=§
e of sealings determines the level of development of i

tion knowledge in the spher

aus
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the;adoption of ‘these aesembiies in

ihe demands made of seallng devmces have become éspecially hfgﬁfin~con?

the employment of high and superhigh Pressures, .

‘@ Sealing devices are employed to eliminate leakage of fluld to the outs;de and to

{sliminate overflow of fluid from one (operating

) cavity of a hydraulig'assembly to

Lanother {nsn-operating) cavity.
i L

4 goodequality sealing is one which insures the required hermetic properties

sver g long period of service, does not cause wear of the moving parts sealed, has

b

fs14sht friction, is not affected by temperature, and is chemically inert towards the

4 with which it comes in contact and towards the fluids employed. In addition,
the sealing should be simple to produce and to uses

Taternal sealing of the moving connections of slide vslves and other distribui-

ling and solely asse

rally insured by accuracy of fit and high quality of machining of . the parts of

eae connections. For example, in slide valve assemblies use is made of machining

varts according to the tenth class of surface cleanness, with the con&i£=

tof worki

- radial clearance of about 2 == 6 nicrons be insured. Aside from the aim of

. saa1l overflow, reduction of clearance contributes towards reduction of the

valves end towards stabilization of these

jetion of the valves and slide

torces.

For the sealing of external connections, including the rods of slide valves and

ors and pump shafts, as well as for the sealing of paris which do not

pemer oY

te the outside of the assembly but which are of large diameter (more than 20

s 30 mm), wge is generally made of various types of soft seals, the most widespread

shizh ere Gw&hapéd‘bubbsf'riﬁgé a (Figurés 23’énd'QH)’ﬁhidh“ére'dse& for sealing

(XA

. rectilinear motion, and collars (Figures 25 and 26) for sealing rotating

r by meang of O-shaped rubber rings which are placed -in the ring grooves
Z Y

or pressures of up to 300 to 350

“he piston or hox {see Figure 24) is employed T

7% is recommended that, beginning with peessures of 120 - 150 kg/cm , the

be uaszd togetier with leather spacing rings a (Figure 27) which prevent the

sing forced out into the_gap’between the parts being sealed.

avent the rubber rihga are used without the leather spacers, the diamet-
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ric gap (Eifure 24)lbetween the sﬁrfa:es to be sealed must nct ‘be greatar than 0.02
o Co0%mm with a fluid pressure ef 100 to 200 kg cm2§

The posqlbillty must be taken 1nto account of 1ncrea31ng thls gap at h1gh press-
;u by peans of aelastic deformation of the parts and of insurlng the required rigid-
ity and durability of these parts.

Tn order that hermetic sealing will be insured, when fluid pressure is absent,
'the &imenéiuma of the groove and ring selected are such that when installed in the
zroove the ring will be deformed (compressed) in cross section by 8 ﬁ}'12% of the
diameter of the ring., For fixed connections, deformation of the cross section of up
:y@ 15 f; 20% of the diameter of the ring section is permissible, Further increase
in feformetion in moving comnections is limited by the here increasing forces of
:frietiuﬁ and in fixed connections by installafion difficulties, 'The ring must be in-
{stalled on %he neck of the groove with a tension such that the diameter of the bottonm

the grosve is 3 <> 58 greater than the internal diameter of the ring D (see Figure

- Figure 23, O-shaped sealing ring.

Figﬁre 24, Location of sealing ring in grooveo

Pigure 25, Sealing collars
1 - Spiral spring; 2 - Frame.
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Figure 26. Reinforced type V sealing collar:

1 - Frame; 2 e'Spiral springe.

Figure 27, Seallng rlng with leather spacersa

vp alltv of the rubber is properly aelected and if the production is of

good quallhy, the rings mentioned above will insure a high degree of hermetic seal-

service life, which at pressures of up %o 100 kg/cmz may be increased

 thousand runs; if the pressures ave increased, the service life is

be noted that frequently excessively rigid demands are made of design-

nser of hermetic sealing, demends not occasioned by practical necessity,

Faot being taken into account that meeting these increased requirements -

b

complicates and renders more expensive the production of hydraulic as-

e condition that drope of fluid not form on the rod throughout eperation

BT

«nte*areuaﬁlon of “the requiremont for complete hermetic sealing of rods

gaorging £uos

1 31 assemblyo Howeverp the formatlaﬂ of these drops while the assemblj

soh connet be avoided because the sealing element scrapes a thin film of

ne . red during its sirokes into the interiarvaf the assembly.

reason, compleis hyrmetlc seal;nm of an assembly should be spec1fied in

: only for the occssions an whzvh the alrcraft w111 be standing. At.the

sime, the carrying out of Fln*d by moving nmrts emerglng from the assembly ghould

fo 1;- the amount which may be permitied being 5 ﬁ; 500m3 for the.entlre ser-

he assembly,
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Specl&¢ attention shou*d be deveted in productxon of ‘the parts of the saaling

unit to the smoothness of the surfaae of the groove 1ntc whlch the sealing ring fits,
since a rough groove surface causes accelerated wear of the rmgsn ,'

The outer sdges ‘of the greoves should not be rounded? since this cont tributes
towards forcing of the ring a inte the gap and destruction of it (see Flgure 24);
ltnese edgen should only be blunted to a radius mot to exceed 0,02 - 0,04 mm.
Passage of a'ring_over any grooves, .openings, ete, during operation, as well
uiling of the ring over threads, sharp edges, etc, are not permitted, since this
might cause demage to the ring and destroy the hermetic sealing.

Instailing bevels and curves should be provided in the parts (Figure 28). Rub-

er haV1nw o sclerescope hardness of 65 to 80 at 25 ¢ ig recommended, Its tensile
strength should be 70 te 80 kg/cm . The rubber should not sweill in oila by more thani i
%% of its volume and should not lose -iis elestic properties throughout -the gervice

1ife during operation under various temperature conditions.

‘Figure 28, Installation bevel of a sealing unit.

Metel springe and other mesns are frequently employed to increase the elasticity

of ssaling collars (See Figures 25 and 26). ‘
in d@wigning sealing connechions it should be borne in mind that rubbers have &

nigh coefficient of linear thermal expmusion, which for the prevalent rubbers equals

5 e
77 e 11 ° 10 59 i.e., this coefficient exceeds practically by 10 times

srom 8 ° A
che coeffizient for steels. In ad&ifibﬂ; in thé‘designing'of grdoVés;”thE'change in
the dimensinns of the rlngs unon swellinf in oil should ‘be allowed foro

Minersl oil mixtures the components of shich are selected so as to insure the ne

negsary vizcosity characteristice over the entire operating range of temperatures of

tihe aurrounding medium are @mployed as pressure fluldSo
The reguirements made of the flulds from this viewpolnt ghould be thus formulat-{J§ :
§ﬁ5: at msximui positive temperaﬁureo, “the ilulds should have the viscosity a8 high’

Due'atteption

s posgible and at maximum negative temperatures, as low as pessiblev

shonld be paid to preper oil utilizaticn conditions.

I
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SPEClal attention ahould be devote& in productlon of the parts of theSTAullng
wnit to the smoothness of the surface af the groove 1nto whlch the seallng ring fits,
since a rough groove surﬁace causes accelerated wear of the rlngso A'

The ouber edges "of the graove should not be rounded, since this cantributes
sowards forcing of the ring a 1nto the gap and destruction of it (see Figure 24)
[shese edges should only be blunted %o a radius pot o exceed 0,02 7; 0,04 mm.
Passage of a ring over any grooves, .openings, ete, during operation? as well
nuiling of the ring over threads, sharp edges, elc, are not permitted, since this
might canse damege to the ring and destroy the hermetic sealing.

Instailing bevels and curves4shoﬁld be provided in the parts (Figure 28); Rub-

her having o sclerescope hardness of 65 to 80 at 2500 ig recommended. Its tensile

strength should be 70 to 80 kg/cmzo The Tubber should not sweill in oils by more than; B

its velume and should not lose-its elastic properties throughout -the service

1ife during operation under various temperature conditions,

lFigure 28, Tnstaliation bevel of a sealing unit.
Metel springs and other means are frequently employed to increase the elasticity
of ssaling collars (See Figures 25 and 26).
In dewigning sealing connections it should be borme in mind that rubbers have &
nigh coefficient of linear thermal expansion, which for the prevalent rubbers equaln
frem 8 ° 10 =5 to 11 ° 10 5, i.e., this ccefficient exceeds practically by 10 times
ine coefficient for steelgo In addition, in tbe dealgnlng of grooves, “the change in
the dimensions of’ the rings uoon swellin« in 011 should ‘be allowpd foro

Kineral oil mixtures the comgonents of which are selected go as to insure the nalif

[ressary viscoéity characteristics over the entire operating range of temperatures of
surrounding medium are @mployed as pressure fluidé; -
The z*qalrements made of the flulds from this viewpoint ahould be thus fermula;—

jads  ab meximui positive temperatureo, the flulds should have the viscosity as high

133 possible and af maximum negative temperatures, as low as pcass»i'.':)le»° Due'attention

fshonld be paid to preper oil utilization conditions.

i
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At a temperature of plus 50_, the prevalent mlxtures have a v1sc031ty of 10 to

;; and a v150051ty of 1250 = 1500 centzatokes at mlnus 50 ."{;,

It is neuéssary to protect the 011 from mechanical contaminatlon by duat, molsc

Sura, all ebe,, in order to avoid oxidatlon of the oil mlxtures°
The fsetb shou&d be taken into account that the intensity of oxldatioﬁ of the oil
cepends on the temperature of contact between the oil and the oxygen -- oxidation is
Qeubled when the temperature rises %0 10 . Oxidation éf the 6il occurs upon lecal
overheating of the oil due te dry frlctlcn9 ag well as upon compression of the s&ir
wubbles located in the eil. Oxidation is affected by the heat released upon the
sareing of eil through the gaps in hydraulic assemblies,
¢ the sources of contamination of 0il by air is the liberation of eir from
atate and its transition to mechanical mixture with the oil in zonesiof
redueced DrOGSUTres - The. curve of. solubility of air in mineral -0il shown in-Figure 29
shovs thet the amount of air capable of being dissolved in oil is proportional %o the
oregsure, In view of this fact, it is necessary %o pretect the oil from contact with
37 under szoessive pressure. The presenée of air in oil in any form a; in the form

.ol mixture or in a dissolved state -- i8 undesirable also for the reaaoﬁ

raticn of the pumps and individual hydraulic assemblies of the systenm maey

' . B F K4
Figure 29, Air content in ! om’ per 100 cm’ of oil (P = 760 mm of
mercury column and: t = 0 Yz
1 « Volume of air, cm5 {P = 760 mx of mercury column and t 50 )3

2 - Pressure in kg/cn °
T4 gheuld be noted that the maaorlty ‘of fluids of mineral origin change their
:(LY”lCa] gualities to one extent or anothar during protacted kneading and mechanical
Letion. These chenges in the physical quathles are explained by the molecular struc-

Gural € 3 taking élace in the fluid'during m9¢hanical action.
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For example 1nstances have been nntsd in’ whlch the fiacosity of the‘oil-mix~

iures employed 1n av1at10ng during a period of 500 houra of operatlen on a stand for
testing puaps the 1ead1ng of wh1ch to pressures of 150 tn 200 kg/cm was accomplished
by throtiling the fluid~at its exit from the pump, comprised 50 to 60% .of the flscOSr o
i%y which these mixtures had prior to the commencement of the experinents. . ;

Incresse in the gecuracy of production of hydraulic assemblies, which is related
o increase in pressure, increases the requirements for quelity of filtration of the
#iuid. As experience has shown, improvement or deterioration of the quality of fil-
iration of the fluid may increase or reduce by several times the service 1ife of hy-
draulic espemblies. In view of this fact, use is made at the present fime primariiy
of finely cleaned filters, the filter ‘element of which is made from special fllter.
Paper. ﬁec&nse of the great resistance of such filters, they are installed only in
vthé oﬁéraiing or the overflow line, or, -more frequently, in both lines,; and in front
of important assemblies. ’

Such “ilters filter off hard micron-gize particles and after repeated peuring
;hroughbpurify the fluid almost entirely of the hard particles.

The need for intensifying theoretical and scientific,resaarch work in the ephers
of hydravlic drives has bsceme urgent.

Tneressing the volume and raising the level of these works would prove te be of
1 assistance to industry in the matter of creating perfected hydraulic drives and
syabemso
imong the number of insufficiently studied gquestions one shoula count that of
autecscillsation of.the units off hydraulic assemblies and systems, as well as ques-
ﬁiums concarning r@guiationo Questions concerning fluid filtration,; erosion of parts
apen cavibdiien of pu@psg‘ﬁear and’ inéreasing the service 1ifé of asséﬁbliesg ete,

e likewiée‘not béén'invéé%igéted‘%ith suffiéient %@oroughﬁéss;
The inatitutes of the Academy of Sciences could be of great assistance to indus-

sey in th questions by treating individual problems and questions conjeintly with

he interested infustrial emterprisés gﬁ@;énvfhevbasistof the latter.
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Iu L PETROV AND V. G. ZUSMAN
SYSTEMS OF LLbCTRIC CONTROL
OF AUTQMATIC MACHINE LINES
AND THE PRINCIPAL PROBLEMS OF THEIR FURTHER IMPROVEMLNT
AND DEVELOPMENT
The fellowing feurieen autematie machine lines have been studied at the Insti- R

zation snd Telemechanics of the Academy of Scleﬁces of the USbB, in eol~

" ahoration ¢ith the Bxperimental Seientific Research Institute for Lathes (ENINS),
> the purpsse of generalization ef materials dealing with the planning and operat-

don af autematic mpohine lines:
(1} 4267 A268 4291 - A306, A421 - Ad34, and A413 - m417y for maghining

\
nlecks ef trucks;
AA4T - 8457, for machining gutomebile gear cases;

15404 ~ 1543 and 1844 - 14713, for machining the cylinder bleck heads

actoras
24081 - 24095, for machining crankcase blocks;

)
fey 24051~ °AO60, for machxnnng cylinder blocks;
. P Tnochkln 8 system for machining the seallng hulls ef tractors; B

J
{7) those for m achlnlng piston pins
3

those for machining the rotors of electric moters;

£901 - #4911, £912 - A914, for machining autemobile pistons and other

by autematic piston plants.
Analy of the slectric comtrol systems of the lines named has made it possible
Lo discover cortain of their chaevacteristics and disadvantages and has marked out a
pauhar of nroblems solubion of which will aid in further development of systems of
"6). of machine lines. ’ v
FEATURES OF SYSTEMS OF ELECTRIC CONTROL . A
OF AUTOMATIC MACﬁIHE LINES
s

The grotem which has formed the basis of the automatic control systems of all i

slegtric o

ned, with the exception of the Inochkin line, is the electroautematic

2m, which is at present the sole system permitting the most efficient
atrel of & complex of many cooperating machines; this is possible becanse

g features of electrosutquatic CORSTOL: .. ..o iveioi -

eage of insuring the assigned sequence of movements of the mechanisms

znd bhe ngical Gp@raiiohs;

the absence of difficulties in effecting inf@rconnections in the coxn-
:¢ and mechaniams, regardless of great distances between them and pecuf'
A% their location with respect to each other

relatively simple accomplishment of cenirs glization of control, super-

vences of operations, and ebservation of the operation of a complex of

ease of reconstruction of the working cycle of a machine and ef chang-

ing proc@sé to conform to the technological requirements which arise;

{5} great relisbility of operation of the system and the possibility of

ting trouble arising in the course of operation;
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f6) slmpllcity of completlng varlous,ébntro‘ clrcunts and systems'from a

1imited number- of standard.wlementa and devxcesz A
the electrlc control system is employed in automatlc machine lines
of a specified movement Dby the working mem=

A & pale,
with the function. ofvlnsurlng performance
rs of & machine, i.€oy for the course function., In particular, this principle

ber

tarms the basis of all the electric control systems of -the machine lines inder con=

"deratlon, Construction of the systems for the course functlon ig occasioned by the

nacesgity of qcntrolling the movement of the tool. m&ﬂhlnlng a part and movement of
and other auxiliary mechanisms and devices.

e part itself in transporting, locking,
Howsver, in addition to control for the course functiony automatlc control finds ap-
LJJoatxon slgo for the functions of pressure, time, ana speed ! i

Control for the pressure functlon is, employed prlmarlly for clamping devices and

i 1Lbrzca‘ion systems. Control for the time function is generally utilized to ac-

[
lcomplish "halting” of individusl mechanisms of a line (e g., the time needed for
for control of the tem-

imming an article during the machining process)y as well as
Control for the speed function is employed in automat-
f,the presence

ivo of cperation of the line.
jon of the breking processes of asynchronous motors for verification o
of mokion of the. cubting tool and verification of reduction of speed in indexing
(fixed stop)e | ,

In covrse control systems, the basic command device is a path switch which re-
position of the controlled member of the machine or of the part
the position of the articie noved frequent-

cte directly to the "**’
being machined. In transporting devices,
4 by the condition of the electric circuit, which is closed by the ar-

ie

Gy is verif
f when it is in the verlfled zone, We may cite as an _example a device for

icle itael
ying'%he £illing of an inclined slide between assemblies which is utilized for
transission of articles (pistons) from assembly to assembly and for making

s to which incomplete timing of interlinked
1ead of the assemblées with resmch

:alightvatalwa oes between operations, thanks
scsemblies is compensated for and a certain lag or
‘4o each other is permittedo

Autopaiion of such an inclined slide between assembl;es (Figure 1) consists in

ihe fact that in the event assembly Nr 2 stops and the slide is fully loaded, assembly
i 1 must be stopped so that possible breakdown of the former may be avoided.

UV switches are installed in the chute in one row in such.a way that. the

Two
ston closes them im the course of its. travel. (rocking) along the slide. The con-

{rol circuit of the thermlonlc time relay ERV is therewith closed through an inter-

.y RP. In the event the NVK switches are closed (and consequently the in-

nediate ra!
termediate relay engaged) for a brief perlod this occurrlng in the event of flatten-
the thermionic tlme relay will not have time to react, Hence, a$
In the event

ing of a piston,
coon as the NVK switches are opened9 readlng of the time lag ceases.
assembly Hr 2 stops for any reason; ;. the s]lde is filledu Finally, a moment comes

=haqn the WVE switches have been closed so long that the time relay has had time to

reach, end its opening switches with the openlng time lag connected in the control

fivouit of assembly Nr. 1 open and this assembly stops.

If assembly Nr 2 starts operatipnvénd the slide is unloaded, then the NVK swith-

¢s opsn, the intermediate and thermionic time relays are disconnected, and assembly
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atarted agam, D\a@andl g on the hooknup of the thermlomc tlnSTATela,y

'v\employedu qu exampleg W1th_hydraullc,drive and in operation to supportg'
d pr@ssuréu;s‘utilizéd in ‘the hydraulic .system after the'moved'member reaches

ed positiof, The command device in this cage is a pressure relay.

gure 1. Diagram of automation of an interassembly slides
1 < article; 2 - interassembly slide; A = control circuit of assembly
Nr 15 B ~ Assembly Nr 2; C = Assembly Nr 1; D - Assembly Nr 2; E -
NVK switch; F - Assembly Nr 1; G = RL; H ~vTP; I ~ Thermionic time re-

lay; J - intermediate relay.

The centrel systems with the course function are executed most frequenily in tiae

vorm of & successive action system, which is characterized by the fact that the com-

aand § ) successive element of the cycle comes at the moment the preceding ele- |

eady been performed.
nre of many automatic line control systems is the presence in them of
»1 cycles for each individual machine and of interconnections between
the control systems of the transporiing and loading devices, and the
: om of the ‘line as a whole. The content of these interconnections is in
“he majority of:caseSVdetermined by« the giving of an imitial impulse %0 ‘the machines
1 the cnmmon conbPol system and a return impulee from ‘the machine which completes
¢ the qumén control system. When the normal operating conditions at one
ines are disrupted, these interconnections make possible the completion a%
Ling machines of the machining of parts which has been commenced, thanks
ich ithe iiscovefy of trouble occurringkin the line is facilitatedo
gtic of line control clrcult= is- the presence in tnem of control units
for antomatic, semigutomatic, and manually controlled operation. The
necessary both for adjustment of individual machines and the line as o
initial loading of the line with articles which have passed through the
+ machining stages, before it-is switched to automatic operation. "Cross-
ches" which insure observation of the rules of mnemonics are frequently

the controls in manually controlled operation,
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tical conveyers, article clamping mechanisns) etc) of the 4901 = 1911 automatic line,

of the line.

ses which facilitate the location of trouble in the electrical equipment. Thus

3 operas~on of the lines

Loment the line is starteds (4) switching on of the continuously revolving electric

wetors (e) rotation of the spindles with the power head at operating speed,
¢ are live, 1ntermediate relay 1RP is sw1tched on through the switches of the path
cwiteh of $he initial posltlon of the power head PV; the former, 01051ng its norma119

span contashs ab poinis 1 = 8, switches on another intermediate relay 2RPs Hence;

ety relay 5RP is not sw;tched [+

ot Ko In manually ad;nsted operatlon, this”dontacﬁar is switched on and off by knob

lsuitches on Ih iata el gy O0=2RP. shich,.closing iis.Bormsdd open contacts
ormed
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Pigure Z. General view of a control panel of an antomatic line for machining:

pistons

Pigure 2 shows the control panel of the auxiliary mechanisms (horizontal and ver]

the cpar‘tlon of which the manually adjusted operation controls are d:sengagedg

ghich raggon. accidental or deliberaté action on them does not disturd the running
Special units are provided in the connections of the nost complicated automatic |

on @ach of the machines of the type A901 - 4911 line there jg a signal
‘ndicates the machine the malfunctioning of which has caused trouble in

gl
1
|
i
!
i
i
i
!

Verification of the performance of the following operations is exercised through

Lead from the initial position; {(b) return of the head to.the initial position upon

completten of the cycle; (c) positioning of the head in the initial position at the

When the line is switched on, a8 doon as’ the bars of the control circuit 1 and

normally closed (noco) sw1tches "6f this relay ave open at points 1 = 13, and the
Ir' utomatlc operation, the electric motors of

power hsad are sw1tched on ‘ro rmedlate relay 0-1RP, which is common to

entire iine, The 1atter WJ' -open contacts gwitches in the contact

and 2% s ! .
Af ter Jlxlng of ‘the’ base plate and ﬁlamplng of the centers-have taken place,

#forward” command forv t“»tlng the heads is given. - At the same time, this commanc
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igure 3. Circuit for location of trouble in the .electrical -equipment of

machire lines: )

1 - control circuit bars; 2 - 1KUs 3 - 2KU; 4 - D-1RP (intérmediate
velay); 5 - RT (thermal relay)s 6 - Checking of continuously revolving
electric motor; T - Path switch; 8 - 1RP (intermediate relay)ng'n
fnitial position; 10 - 1RP (intermediate relay); 11 = 2RP (intermed-
iate relay); 12 = Initial position ve;ificaﬁion; 13 = 0-2RP (intermed-
iate relay); 14.- 0=3RP (intermediate relay); 15 = 18P (intermediate
relay); 16 - 3RP (intermediate relay); 17 = Head start verification;
18 ~ 3RP (intermediate relay); 19 - 0-4RP (intermediate relay); 20 =
3RP (intermediate velay); 21 - 4RP (intermediate relay); 22 - 2RP
(internediate relay); 23 - 0-1RP (intermediate relay)s; 24 - SRP (in-
termediate Telay); 25 - Safety relay; 26 - RKS; 27 - 1RP (intermediate
relay); 28 - 0=5RP (intermediate relay); 2%~ 4RP (intermediate relay)s
3ﬂv~,spindle‘revglution,v&rification; 31.e,ﬁeturniwerificatioh; 32 =
350 35 - SRP (intermediate relay); 34 - signal light; 35 - Head non-
reaction verification; 36 - 5EP (intermediate relay); 37 - 5RP (in-

termediate relay); 38 - to preliminary stop circuits

points 1 - 8, shunis the normally open contacts of the 1RP relay at the same

1 as the power head in itg movement forward releases the path switch of

osition, the intermediate relay 1RP is switched off and its normally
ou conbacks at points 1 - B are opened. The intermediate relay ZR? remains switch-
; bhiis time only due to the closed normally open contacts of the 0-2RP re-
+ head were not in the initial position at the moment the line is switched

the intermediate relay 1RP would not be switched off, and, consequently, its nor-

1y cpen conbacts at points 1.- 8 would not be closed. ' TFor this reason, the inter-
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iate relay 2RP is not sw1tched on. dt the 1n1t1al moment and its. noerLIVSTAnsed
~1§ guiten on the 1ntermed1ate safety relay SRPQ The latter with ’-,'

A5-17 shlf»s to self= Feed, and with the othor : o
‘In’ addltmng =

med.
switches at points 1
lits normelly open switches at points:
contacts ab. pointe 1-16 shunts the additional gignal 11ght re81stancaav
the normally closed contacts of thls game relay ave switched in the "prellmxnary stogt

when the signal lamp is burning brightly9 5

cpouit of the line, and for this reason,
the line cannot be. started wporward". In order to cut off the signal 1ight and a%
it is necessary to switch of £ the safety

the game bips “permit" the line to operate,

e av 5RP ty means of the ‘control knob 3KU. Since this
d to approach and inspect ‘it before Press- '

control knob is located on

2 emergency machine, the adauster ig force

z the kunobe
intermediate vélay oRp is switched off in the event the normally closed con-] [EESESS
the thermal relay RT are opened. In this case, gwitching on of the contact- -
olving motor of the power head ere checked. v

The
Hacts of
wr K and opst sbion of the continuously rev
Interpediate relays 3RP ‘and 4RP serve for checking the starting of the head. As] |

soon as the head leaves ity initial position and the intermediate ralay 1RP is switche

g off, its normally closed contacts at points 9-10 clove and switch on the intermed-

ate relay ZRP. Lhe latter shifts to self-feed and 31mu1taneously at pclnta 11=12
‘%*adks the N:rcult of the 1ntermedlate relay 4RP. The normally open contacts of the

4RP cloge b“l%flj at points 1~11 ai ‘the end of the line sycle,

srmediate relay O-
closed confacts of the 3RP relay are openy 1ntarmeéiate relay

gince she normally

is nop switched on. At the beginning of the follow1ng cyele, the switches of the
b rmedi;,e, relay O ARP Je} openad at points 1-9 hence the mtermechate ralay 3RP

ig removed irsm selfa;eeo and prepares for operatlon for the following start of the

wepd. In the event the latter for amy reason - .. * 4oes not move from
the intermediate relay 3BP is not switched on, and, consequeéntly,

the

[fnitial positiony
2% the end ¢f the cycle when the normally open contacts of the 0-4RP relay are closed
‘at.pgiﬁts 1.11, the intermediate relay 4RP is switched on, and, closing its normally

yen'contaa%s at points 117, also gives a command for switching on of the ‘safety

ay 5RP.
The szysten of signalling described is utilized not only for checking the opeérat-

of individual machines, but also for centralized checking of a line as a whole,

characteristic feature of the antomatic macnine lines under consideration

»d number of funbtlons performed by the electric drives of the machines
These functions amount aasentzully to ‘starting

g the 1imit
and mechanizme forming part of them.
i5F the elenivic drive motors, operation of the latter at a set rate, and, in ‘certain

lectric braking and stepwise changing of the spesd of the motors. It is B

s which predetermines the utilization of the simplest and most reliably function=

4z electiri¢ machines, three-phase asynchronous electric motors with shori-circuited

rotore, as the main electric drive motors for machine lines.

For the majority of the lines in question, the average powser of the main drive

«lectric metor is 5 to 6 kilowatis, and the maximum power does not exceed 30 kilo-

et ES .
@lectrenic equipment has been put to limited use in the control systems of mach-

s lines. It is employed in circuits primarily in the form of individual devices:
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hermionic rime relays,’ 1n+ermed1ate thermlorlc relays, eteo

~For. the feeding ‘of . control circuits, use ‘ig made as a rule of 12?-volt alternatm

ived from special monophase tranaformers with ghort= clrcult altage oaa
; (@k':»5 - 30)%)q Thanks to the use of these transformars, the | control
r ireuits ay@-”golated from the common electric circuit, and this increases'.the reli-
bility of the el@utroaﬂtomaTlc llne circuits. Accidental grounding of one of the

Waﬁnduatora does not disturb normai operation of the circuit. The introductibn of _
t control makes it 00531ble to dlscover and eliminate it ‘at once. - In in- .
val insbances, for example, for feeding compubing devices, telephone and track

41119 devices, et¢., low voltage current is employed.

he control of a centerless grinding ;

§ Conventional designations:
_? 1 . electric comnections and equipment; 2 - pneunatic connections and B
devices; 3 - mechanical connections and operating members; 4 - pnen=

matic glide valve; 5 - terminal switch; 6 - pneumatie cylinder; 7 -
elechronagrets 8 - electromotor 5w - lug; b - forward; ¢ - reverse;
& - 1P¥ {path switeh)y e = 2PV (path gwiteh); £ - from A923§ g -
switeh-on; h - 3PV (path swit&h); i - 5PV (path switeh); j - 12PV
(path switch); k - 6PV (path gwitch); 1 - start of 4923 cycle; m =

ge; n - forvard; o - revevse; p = APV (path switch); q - from

A

&25%&mﬂygrn11W'@mhsmtm);SNtWIthwﬂum dewmn; :f:

t - 181 (electronagnet); u - 2B (electromagnet); v - switeh-off; x -

b

22 (eleciromegnet).

- mechine line assemblies there ave mechanical, hydraulic, and prneumatic

operate in. succession, in addition to the electric control circuits
Hence the.need has arisen for the creation of & unified control cir-
9e lines which includes all the forme of controlu Such circuits, which

n the name "skeletal", greatly simplify clarification of the opsration
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vxnﬁiple (elemgnt)-elecﬁriC'eona-
1 rapidly, to die-
ent, and, if ne-

In comblnatlon w1th the P

of comp}lcatﬂ& aasembllesc
reuit enables the operating personne

trol eireuit, the skeletal 3

cover the pieee of equlpmant whlch has not reaponded at a g;ven mom

¢ make. the appropriate corrsctlono‘ R
of a centerless grlndlng macnlne (model 3A82P} with

and a dascriptlen of it is
surface of

ri’,:@?sbaj.yu
The skmlataX control clroult

b

ioutomatic iistoﬂ gtarter is eited be
(Fi@;f@ 4). The machine is desi

low as an &xampleg
gned for the final grinding of. the

stans, moving two at a ulme from the &achiha;

At the same time feur pi

the object of matching their weighte
the mechanisms of the machzne mst be i

ton ‘uhlutbq
ground with
PTlOPYEO commeﬁcsment of the eyele, a the
lowing imitial positions:
fhe rod of the lug which moves

ge position,

sehining #one (towards the stoneg) is in the Trevers

traightedge into the

the pistons eslong the 8
and the path gwitch

(&)

woig depressed;
} fhe car
aiten 12PV is released;

{¢} The tool holder is in the down position,

riage of the piston receiver is in the forward position, and the

and the path switch 3PV is depres

PV and 6PV are released;

cheé of the piston receiver 5
aft rotates, but vhe catch

{(a) "he path swit
5. serving to drive the camsh

alectromctor
PV does not depress the latters

the machine takes place as follows,
Hereupon une path switches

£ through the

bx¢ting on “he path sgwitch 4
The i“ératigg cycle of
PR
{55y gnd 6PV ave depressed and t
The carriage is moved to the
leased and the path gwitch 12PV is depzeasedr
it alsoc depresses the path swit
1 through the circuit 2PV - 5PV =

path switeh 3PV is re=

gtona {two pieces) enterss

he electromagnet 1B -~ 1 is switched of
trgverse" ncsmtlonq The path

« first gTéun of pi

BV ¢v5P$ -~ 6P¥ circuit.
lavitehes B¥Y and SPV are re
8 sseon& group of pistons enters; ches 5PV
cthnhaq on $he electromagnetd 28 -
placed "up”s whereupon the

inder is depressed.

2
nd 6PV, aund
. 49T, The $o0l holder is dls

Leaged and she preumat1a valve of the lug cyl
‘5; Grinding of the pistons of the preceding cycle is completed.
ralve, acting from the camshaft, through the prepared valve of the tool holder, acts
1inder of the lug aud the latier moves nforward!;

>Aasun5 (i our pisces) wath the carrisge toward the grlniing stones.. .The path?switch

and path gwiteh 1PV is uepressad)
ime the camshaft cateh is depressing the

Hereupon the

moving the next set of

bhe eyl

277 is relsssed,

this ¢ path switch APV and switch

ﬂiectrnnator 5M. .
operating cycle of the
5, Upen completion of bh&/A92} machine, which is next in the chain of operat-

1ge 18 given through the 4923 = 1PY eircuit for gwitching cn of
end the path switch 4PV is releaseds

iongy 2 sonmand iopn
the camshaft starts to rotate,

ine motor (s
is given through the cirecuit 24923 « 1P

6, £ command

irhe beginning of & new oyele:
Ty The eleetromagﬂet 2% - 2 iB sw1tched on ihrough the circuit 4923 - 1PV, and
the 001 holder moves down. Heveupon the valve of the lug cylinder is released, and

fil .

¥ - 5 - 4BV to the 4923 for

switch 3PV is depressed.

at the ené of the sireke the path
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~path swztch BPV swztches on th@ electromagnet 16 = ¢ ana returms the car-
v@rs@ ‘position, “he path swltch BPV is released, and the carriaga is
he following eycl@o R R Y
s canishaft, turning $0- & certamn angle, aets on ‘the pﬁeumétic'Valvé 6f.thea
aylin dnd returns the 1&@ o the reverse posltionn ﬁer@upon the path sw1tch
8 T@a@iqﬂd the ?PV swxhch is depressed, and the clrcuxts are prepared for the
g orele, .
wking. In The event the A923 does not respondg at a specified mement the
wamah aft depresses the path switch 11PV and switches off the motor 5M,
the eyecles
THE PRINCIPAL DEFECTS
0F TRE ELECTRIC COMFROL SYSTEMS OF MACHIRE LINES
sinal electric devices of relay-contagtor line control circuits are in-

Da.e

relays, centactors, path switches, relays for various purpeses, and cem-

i of the control circuits in question of automatic machine lines shows
from lines daaiﬁn@d for the machining of housing parts with gimpler

% opﬂrat1ons {@rilling, threading, boring, and ceunterboring). to lines
aing of parts requiring more compl;cﬂted mechenieal: orocesslng (turning,

nses an inereage in the number of electric devices allotted for one mache
. Thus, the averagse numbersef devices per machine on the lines in ques-
sachining of housing parts are: intermediate releys, 3,53 eontactors,
tohes, 11 0 migcellaneous relays, 3. B

‘owmpg are allotted per machine in lines for more complicated machining

10@ay in lines for machining automobile pistons (solids of revolutlonj
relays, 17; contagiors, T; path switches, 1&; niscellaneous relay39 8.8-

Table 1

ta on the number of switch regponses of the electric egquipment

'.,751,; 24060 avtomatic line (machining of: chlnder blocks)

dyunber of deviSes  {Number of switches Bumber of responses‘sf
of each designation{in power [in CONOY devices

(pieces) eircuits lcircuits [per cycle | per hour

27 ] . ==
5 6
A Ad b i i1 20
agIre ™ ) 3 3 "
162 )
62
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Tabie 1 tconbinued}
o STAT

Dwsicnatlon of " Number of .responses of the switches|Total number of responses
gwitch deviges Tim pomer circuits| in control eirmits of switched in.power eir-
Tk [ M0 poReR oL G cuits and control GerLlc

] ﬁér:cycle per hour- per cyelp per hour per: houx.
Goubactoes o il | 2035 '} 138 3600 | .. 5635

Dhermsl velayes .t . = " B
i ; v

Wim@lrélgg v I 12 313
‘ . Cmim T 2009
e AR S
cmem | 162 4226
siices SRS e 74 | 1930
TTotal...) 78 | 2035 | 480 | 12522

‘Table 2

onafhe number of switch responses of the glectric equlpment

af the A901 - 4911 automatic machine line

- (machining of sutomobile pistons) .

ignation of - Womber of devices |Number of seitqhgs' Number of responges of
switeh deviges . jof each designation TR PEWeT |10 conuwol) ~ devices
1 . R (pmeces) cireuits [circuits yper cycle PET BOUL
Contactors : B 120 BT R -2 1200

. . .22 | K . o

4
[]

7
93
615

”Number of responses of the switches
in powsr circulis Ancontrol circuits
per Gycle|[per nour |per cyciefper hour

7000 | 50 | 5000

e e =ame

8 | 1800 ).

; - 30 |oseoon |
ssmure yolays » - i ‘;;me .‘ 14 | 1400 St 1400

h swibehee » B - S 114 {1400 E 11400
TS F 7000 576 | 57600 ' 64600

! ”he g meertgnt resuli of anslysis of the contrel circuits of machine‘lines
: , the convlualen as. to the uninterrupted increase in the number of switeh regponses
the eled ie ﬁ&vices per unit of time apace with the. increasing co
) mpsraflons en machine lines, In illustration’ of this, the“ umbgr of
itek responses of the equlpment on a -line for machlnlng body parts ( the 24051 -

f»ﬂéb line) is given in Table 1, and in Table 2 the same data for a line for the ma-
%hiﬂing of wore complex paris, ‘gpeeifically, solids of revolution (the 4901 - 4911

It will be seen from these tables that the number of switch responses per
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hour is 1@,5)7 on the first line, but as hlgh as, 64,600, on the seconiline, ?Iﬁﬂ,»the

Moreover, the 24051 = 24060 line consists of 11 ma-

ﬁgmb i cr%@mes‘by34n5 times.
& A901 - 4911 of 7 machmes0

At an aatomatlc automoblle plston plant, the total number of switch fespbnses of
the lines GL the plant reaches 300,000
swifch responses in lines in whic

in the amourt. of electr1
The'rellablllty of

per hour, -

Lihe equipment.for 1l &

h machlnlnd_

The snarp increaae in the number of
lek‘ls occasioned by the increase
les per unit of time.
ine lines is reduced in

is more comp
pipment sod the number -of machining cye
n of the eleetr ¢ control syatems of sutomatic machi

consequence of this,
gt time onma line, in-

the ENIMS, of the probability of lo
t time

ment , BhOWS that the duration of les
igely in these lines which prov1de foréd.

yeig, made by
saused by the electric equip

¢ slectrie equipuent increases prec
ining parts {turning, grinding).

#h devices camnot insure

.x technolegical process of mach

+ with this, because of their very nature, swit
rge number of 1nten31vely

SO )'!1},

Toga

nterry eperation of a ¢ireuit when there are a lar

rviees. | e e wa L R A
ording to statigtical Gata, for esch million responses of a pa
about ten non-responses.are caused by incident-

rabing |
th switeh

Thug, aec
151y sound switch system,

wikh a per

uaforseeen clrcumstanc@su

Gdition, wear of the gwitches is a fact
he eleciric e qulpment or its service

eries of devices-employed in the-

or which limits the‘requireménts for
ible number of respenses of ¢ life,
the maximum number of responges of 8 8
zits of'ﬁachin» 1ines is alregdy inadequate.

s it ig not pos gsible to achieve complete hermetic sealing of
Phe "wick-like" property of

igoateol ol
, In many ;nstane
aterpr@ofo
despite the fact that they are cased in
the points

n devices which are menufacturd to be w

snected to the electric deviceg,
h insufficiently careful seallng of
couse breaking of the hermetic sealing

al dust 1nto the cas-

;-
@D
o
B
e

[R5

pipes vz metal hoses, together wit

of the leads and devices, ety
oling emulgions, 0115 and met
g ewiteh systema The Aif-

nnechion
jces, Penetrabion of co

pairs the reliability of operation of
of eleﬂtrle devices is not infrequent-

v .are.not sub;eatsd_me»the
ses this results in

davieea im
nigving cemplete hermetic sealing
4 they are installed only,in.plages. where. $he

* sooling emulsions, oil, etf. In a munber of e&

he meving members of the deviees

F e knnematjc gonnections betw#en &
and the

between ch@ cl&mplng dﬂv1ﬂ@w cf path switehes

{for ‘example,
line mechsniems).

. deTects of the conbrel gyatems ope
complexity of the electric circuits andj

itches in

HJ

rating with the coursé functien

action) we should number the
installing & large number of path ‘sw

ment, the necessity of
utive exegution of eommandsD lead-

operation, the necessity of for consec

suee in some cases o & marked protraction of the cycle,

pri, the uaﬁleldlneaq of the control paness, and the graat extent and cemplexity of

the uﬂcesmty for periodic inspectieng

v ol
BORE

and hence to reduction of oub=

lne electrio sommunication lines. In addition,

t of the switches of the électric devices, in view of the

@ replacemen

aning,
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Location of them in places difficult of access, has a negative effect on the sTARTat-
ion of line ‘control systemsa‘ Tor thig reason, relayacontactor systems of automatic.

nachine 1ths require not only mnore rational methods of construction, but also devel=

anment Of new prlnclples of elaciric control of machine lines.

PROBLEMS OF FURTHER IMPROVEMLNT
AND DEVELOPMENT OF ELB”TRIC CORTROL SY%&EMb
oF AUTOMATIC MACHTNE LINES

Employment of switchless electric devices

in the coatrol cireuits of machine lines

1% was establighed above that as the processes. of mechanical working ‘of ‘articles
. machine }inés gréw more complex and as the tempo of their operation is gtepped up,
the number of gwitch responses of the equipment .in the control cirvcuits ihéreases
arply, in consequence of which the reliability of the lines is lowered, This da-
.ct may be eliminated to & great extent by {he employment of switchless electrical
;n¢pmentﬁ ‘ "

The predominant types of devices in countrol cireuits are path gwitches and intexry

padiate relays. It is precisely on “fhe reliability of these devices that the accura-
ey of opsration of the entire nontrcl system as a whole depends" Rellabllity “of the

lpzth switehss, the number of whlch in some cases reaches the hundreds, is of particav

impertance for uninterrupbed operatzon of a line, = For this reasony the gradual

: ?epla;@meﬂf of them by switchless displacement emitters is one of the essential task&;

i
|

- inereasing the rellablllfy of the electric control systems of machins lines.

We may numbhar among switchless emitters those with chang1ng resistance, capaciy,
mctance, mutual 1nductance, and electromotive force. However, up to the pfesent
s not one of the emlnter systems mentioned has been employed in the elecirie con-
ol eir"uifs of machine lines. Hence it is necessary sarefully to 1nvast;gate and

oc;Luaie gach systenm from the vismpeint of its guitability for operation in machines. |

‘T\ valuabion of switchless displacement enitters de31gned for operation &s path

ches, it ig recommended that the fellowing indices be tgken as & basisy

{a) Trequency of change of resistance (k = ,§§¥), on which depends the reliabi=j
“nin ‘

?iib] and ﬁ‘curacy of operatﬁon of an emitter, as well as the pOSSlblllty of emp)oylng_,

sLays @1lﬂ 2 small CO@fflCanb of return;
{n) % ke 0551b111ty of changing, within fairly wide limits, the nature of the
?1atxon bzk of the res*s»a»ce of phe emltTer to dlspxacament
2 £(x);
(o) ‘#re power dissipated in the emitter, on which depends the possibility of op»
rotion of the emither with an intermediate amplifier or without one; ‘

Y the possibility of automatic return of the emitter to the initial position

.when the action on it ceases;

Y “4ne magnitude of the time constant of the emitter;

(f) mtability of the charaoterlst;cs upon change of voltage and frequency of the
upply currents :
(g) comsbancy of the characteristics and religbility of operation of the emitier

jin a medium containing meballic and abrasive dust, moisture, cooling emulsions, 0il,
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_ (n) stapility in OP
P th‘ .

of,Speqial_SOurcga-of'current;

'rgsgnqé or apééncé
Licity and reliability of design;
all dimensions of
» acteriafiés'of the
| ch they commutateo .
d e devoted to the groUP of eiiitl
iring diagraums. These types of

possib}e o wire an

the emitter; _

,\(k)'ﬁ}e over -
path switches needed for conformity ®if

(1) the slectric char

?s‘of:the circuits whi _
in'research shoul ors with
1 and resonance W
power which makes it
and have an adequate re-
y are reliable in. oper=

e influence of

¢ paranel
?articuiar attention
and with norméa b
great controlisd

o the emitter‘circuit59

netance,
Ve 2 velatively
elay directly int
Their time CORE
vibrations, and 1o
4 of design, they m

rall dimensionse
£ both normal an

‘fmm@eMGr

tant is small, the
+ sensitive to th
ay be made sufficiently

e S TR

wge frequencye
impacts, percussionsg
etc. In pein

cooling emuleions,
ively amall oveé

. coligble, with rela Inductive emitters

n in alternating cury 4 increasy

ent circults ©

. auitable TOT operatio
ent emitts:é and switch-:

witchless displacem
pion. of an in-

fered By s combina
(choke oF yransformer )

ngtrue’ wholly .8
1 interes? ig of
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g in a member §it

intermediate, and pe
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stters and speed T

1oyment of em

resence ofvswitche
Intermed- :

]
i
‘

ent in all cases, aince the P
r other mechanism of a
in the

e axpedi
line is undesirable.

form of switeh relays and

Q.thewpickupﬁmember and

shly en & machine O

obviously be left

r1ifying nembers nay
uliterss gfovideédtheyAare.canstructiqnally nqt,eonnectgd t

in snobther placeo :
1] members with swiltches by switchléss_ones»for e

high fréqueﬁcy,
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and lengthening
ve expedisnt to e
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4STATE T@=

nt oi elecﬁrlc lines oi comn mmunication and for 1ncreasing
partlcular attention are impalseadmstrlbutlon dev:ces,
1trol dev1ces ‘and equzpmenun

a speciflc function is assignw

quction of the exte
as well

-11ah' ity. ~Worthy of

as ‘systens meleylng multivalue and multlcemmand con

ntrel systems or machine lines,

termediate relayq This occas

mber of impulse “emitters and.

‘wr3¢ circuits of a Jarge nu

5ot on the performing ‘members (contactors, slectromagnets, ete).
is advigable to shif?d to the n
tyibution &ysteia empleyed in ¢
The ezsence of thig principl
(eommal

Ir the existing co
ions the presenae in the cone-

1ntermediats d971ees whlch
Por $his’ reasam it

ed to cach emitter and in

@a

ew principle of control, in p
ombination.

e is that one emitter transmi
nds) to a special disbributio
4 system of thi

ts over one connection
n device which prodnceé
g type when applied

he number of elec

ihannel suécessive impulses

ry a¢fect on the performing memberse

bc naces B
ine can reduce congiderably ¥

i@ the ipdividual acntro] units of a 1i
in the clrcnltg as well a

g the extent of the elsctric lines of communi=

tric deviees
the greatest effect from employm xpectéd in

in which it is necessary to gen

ah the required warkxng
re sxmple and rapid reddgustm

ines 15 at the present time
king cycle of the lines.
jec machine lines in mechanlcal

ent of this gystem should be e
¢ cofitrol im-

‘l
lzatione
i
|
|
i

d a large number of ‘successiv
cyole of an 1nd1v1dua1 unite
ent of

in

ithose cagex
wrder to ancompli
sten can when pecessary insu

ilges in

a3 very -
But this

ddition, such a 8§
control cireuwit of lines. Readaustm@nt of 1i

ardcedure entailing alteration of the wor
, since utillzat*on of automat
ceasity requnre grea*er universa
ount of relay equipment and of the number of
vad through employment of special command devices in the ‘

position devices the commutatl

ricate §

4 be solved
Lizatlon of themn

‘3aagineeriﬁg %ill of ne
| Redveiion of the am 1ts switeh re<
oy also be achie

on pesltxon of which is de-

form of i sivalue and mll
ommand devices.

omman& device are very
power of 0.125. kllcwabt

ulses reeceived from the path ¢
am and’ the 1nstallat10n of ac
slectromotor Having &

sermined by the number of imp
The diagram of the mechan1
Motion is transmx%ted from an

gimple.

tapough & vorm gaar and change bears to a distributing drum having {he necessary num-

war of edmd. The 1atber, acting on levers, close the appropriate contrél giréuito
Dapén&iﬁg'on the

4urn of the distributing drum.

ompleted in one
(for ex&mples 45 or

i cantvo? cyele is @
the drum t

Htmbaf of nommand impulses,
J, thig being fixed by the change gearse
Int@rnmtu@nt movement of the comman
' ven for switchzng on the ‘motor

g gl
nletes one ull retation, jndependently of th

¢ cam against a path switeh which swite

urns to a certain angle

d dev1ce is accompllshed as followsz After &

of the command device, a drive shaft con-

e angle %o which the drum turns, and
“$he

hes off ‘the motor and engages

ion untml the following impula
witch-

@3ses ¢
and device remains in this 9051t e i3 &

arake,  The eomm
strlbution &

Bupon 8 rotation of the di
sontrol circuit ara again completed.
ontrel cyele, the dimensions O

TUM and the cerresponﬁlng B
when there is a large nuin=

paived, wheo
However,
£ the device are incregged son-

er of the distribution drum.

ings in She

aar of imyul ses in ong ¢
gity of 1ncrea51ng the 4iamet

siderably Zue te the meces
evice with continuous rotation)

sable to employ a commend d
aite (electrie, hydranlic,

Jince this is 80, it is advi
ch switches the control circu

articular %o lmpulseod19~ ’

¢ the digtributien drum, whi

s) in the required sequence.
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V@rlfvcatlo Eof the executlen of commands given, whlch 13\§ccomp115hed in the

ary‘iﬁllabxljtyu- Cams which close ‘the swxﬁches of the command 01rcu1t of the
 .command device at “those instants ghen the 1nd1v1dua1 elements of the
the f9310w1ng to begm9 are mounted on g drum seated on the ‘same

The  normally open contacts "of tne p&th pwiich

ele ame %o end and
st as the command d¢anr1bu?ien drum.
cre loczbed 1mm@dlat@ly by the mov1ng nenbers and which verlfy ‘their posi-

o the switches being closed by the’verify-

winich

hrown on accordmglyD parallel

drum. The contacts of ‘these switches are cloged at the moment the ccntacts eon-

=
+
@

trolled Ly the drun open, if the correspondlng ‘elements of the cycle have been exeauis

od., and, cmﬁsaqu@ntly; rotation of the distributing ‘drum is not interrupted. QOther-

wise, if an element of the cycle has not been executed by the specified time, the
compand device drive control circuit is opened and T romains open uvntil this element

hiss been stmpleted. Hence, with normal operation.of the line, rotation of the com-

devian ig uninterrupted. Disruption of the cycle can be ecagily detected and

é
& the introduction of signals showing interruption of the continuous ro-

minated W
tation of the commaﬁd aevieeo

e s g e L
system possesses a number of impertant. merits, among which we may

This \oﬂurel

ber the Tollowing:
1) acoeptable overall dimensions of the command device, even with a large num-

FIG

i
Lt
her of command impulses in the eyele;
greatly reducing the number of pa+h command devices,

we*aihility of
the ren@ated use of the same path switch at varxous moments of the eycles
{3) ihe possibility of markedly reducing the time needed for sw1tch1ﬂg in the

, by giving command meulaes with a certain lead, parallel to ‘execution

erionsly given command;

P P e T TR TR TIR T IR PR ey e et o

Pigure 5. Prineiple of the control circnit of a centinuous-retation conmeng

deviees
1 - gommand verifiers; E‘through [ pathvswitchea 1 through 5; 7 =
1s (Bign&l 1ight)o

{4) oo 'eldarahle rséuculon of the number of intermediate relays in the circuit.
Comparative ana

witomabic .ine with a complex cycle has shown that upon shifting from the gystem of

lysis of the two versions of the control circuit of a two-machine
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1y continueus-rotation. cemm

congecutive. ¢ontrol in whlch relay—contactor equlpment is dsed to the sjstaﬁTQB which

d device is used, the number of path command devices ie

cut in nalfy and the numbér of intermediate relays is reduced by. mare than twa-thirds

Tigure 5 ghows the principle of. the contrcl circuit of “the drive oommand deviceo

Emglayment of elcctronic equipment in the centrol clrcuits
of machine lines :

ted extent in preseut-day machine

Eleﬁtrcnic devicﬂs are used only to a very limi
g - thermionic time re~

3ﬂneso Tbﬁy ave employed prlmarlly ag individual instrument

Lays and pﬂnentxometerso However, the aphere of their ratlonal emp‘cyment ca. ‘be

raatly e hpana@dg for example, for verifying t
being manhlned, and the poaltion and preper aettlng of

Emd the quality of a surface
i

articles beiung maghined.
ilities cone to 11ght in connection with the intenslve deiélbpment
and trlodea° Thege new

ible te

Greet possib
and edoptzan of ssmiconductor germanlum and silicon diodes

Ly sivum@pﬁup in combination with magnetic and automaiic devices, make it pessi

Qreate_awitchless? reliable control systems of small dimensions.

he dimensions of articles heing machin-|
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HETRTION SETONBER

e S TAT e

N, Ao GAVHILOV
APPLICATION OF THE THEOK! oF RELAY»CONTACTOR CIRCUITS'
TO DEVELOPMENT OF ELECTRIC 'CONTROL SYSTEMS

OF MACHINE LINES o
n machxne lines is accompllsh@d in the majority of cases by mean s

Control of mode
of relay ~=zouxts havmng the iunctlon of positioning the eperating members of machlAM:

=

assentlies: The prineiple function of these circuits is to piskup actions from

s {terminal and path switches, contacts, and various types of relays)

zad

& them into actions on various types of performingrembers which contrel

s of the machines (relays, contactors, electromotors, signal lamps, elec-

M
T ey

kg

Tn machine lines, relay eircuits also perform the functions of
shing a specific functional relationship between the

TOMA greu'g 8%c).

agy, signalling, esbabli
siong »f individual parts of a line, etc. They are characterized by the largs num-

ce¢g which form part of them, by the great extent of the electrlc control

arge vumber of switchings »f the contacts within a unit of mm“'

son, correet construction of relay cirveuits, insuring a minimum number of

then, and ratloual gelection of a siructure of relgy eqntrol_qirauits

1 insure the actlon nﬁuassary by them under all assigned operating econdit-

of paruchl&r lmportanceo

g in p1anning modern relay circuits hae until lately been feunded on in-

zthods the basis of which has been furnished by investigation of technologu

4y and theoretic building of the gtructure oi a circuit-

ssientists have developed a scientific oheory oi relay ¢ircuits. whlch

% ;@ssibla te create such circuits by planning on the basis of specific, quv

tanfiated rules which permit transition from one circuit structure te. another with

- their aetion. Application of this theory for the solution of & number

2l problems has shown that the structure of a circuit is thereby designed;
sceuracy verxfleag with a much smaller expcualturc of time and wlth superior

pagie problems are solved in the theory of relay circuits:

(4} +the problem of synthesis, i.e,, arriving at the structure of the relay cir-
9 1=] y

.ceovGance with the aperating cenditions set for it (for example, segiience in

operation of the, members)s. .. .. ... .- e s
the prevlem of equivalent cony ersmons, i.e., transition from one. circuit

to another, simpler or more complexg while malntalnlng exactly the cenform-

stiucture o the operatlng ﬁondltlons gst for the clrcuit,

R~ R

{¢) +the problem of analysis; lse., deternination ef the operating condltloﬁs ot

* @ eircuit already completed-(fox example, determination of the sequencs

& mMem

thedir sobien in time, clarification of the action of the circuit in the event of

" of analytical ezpressions (structural formulas) which characterize the
relationgsip of the presence or absence of & closed circuit within the overall circult

to the elesed or open condition of its individual members, together with &

ag 8 wh

amber of laws and relat
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effect_eéuiﬁalqﬁt conversions .of the structural formilas men-

TSN STRTION

and make it posgible ‘to

itioned above.

Pigure 1.  Cireuit of a relay impulse generater:

1oLy 2-b;3=co

The eralytical recording is pased on designation of the nembers of reley cir-

ruiué and. the nature. of the connections between them by specific symbols. Tor in-

ahance, we ¢€a:vnate & parsgllel connectlon by the sign of algebraic addition, a ser-

isg conneciion by the sign of algebraic multiplication, the reacting members of the
uit elsments {the relay and coentastor coils, signal lamps., etc) by the. capital
and their contacis by the correspondlng small leters. -
) contacts by a letter w1thout a super—
acts, by a letter with

LT
in

tterg of the alphab@t,
addition, se designate olcslng (mormallv open
}, and opening (normally slosed) cont

oosed dash {for example, X
In graphic representdt1on we show. the ¢ireuit iz

1 supeerpessd dash (for exampleD X)s

the form é; lines preceeding from a point of entry to a peint of exit {the circuit

nay be the entry and exit pOLDtS), with letters corre-

supply peints, for example,
the elements of the circuit placed iz

the reacting members or contacts of

»
s
=

sponding to

peaks in Ghe lines. i .
gives the gircuit of a relay impulse generator (pulse pair) with the

Pigars 1
) and heavyeurrent (b) circuits, as well as

s adepted for weakcurrent (a

A

3 ,ea des;gnatlons mentiened above \c)
By uge of the symbols given above for analytical recording of circuits, the cir-
cuit (Figm.@ 1) may be recorded in the f
# F(x) v+ Fix )xz + Fpb & a5k + 5k

ymbol de51gnat1nn the entire circuit as a whole,

orm of the following gxpre331on:
‘7'/*' quv

¢ the symbols deaignatlng_ﬁhe circuits whchkaqt‘op tbeﬂ;p@;vidqal ;eaet=

,)FJ

he s,

he- mrcult0
(a) and 91mv11f1ed (b) des:,gnatlens9 the

re 2 is given, in the ordlnary
teoircui e

reversal oircuit of an asynchronous moter with shor
movemenﬁ contactors;

L

vHopping, wﬁaﬁting, and

wotors  In this diagram, ¥ and V are the "reverse" and "forward"

upeverse” and "forward" start nutton; k . " the contachs
The analytical reccrding of this

kw and L i the centacts of the
i button, and T, the thermal shleld,

af the "dtup

the following form:

Fo ko [k (K 4=N)vN7LE(k 4 V)R- 3 %

circuit make it possible to reach a eonclns{on as

civeuld

The mn*uctural formulas of a
£ the cireuits present in the entire circult as a whole or acting

: the composition o
dlvidual elementsg nowever, they do not give an idea of the se

en ite i

sion of ke g reult elements in time, and this is necessary for circuits

ACS1 FORN i3A DiSSEMINATlON FORM FOR INTELLIGENCE TRANSLATION

& FEB. 56 {CONTINUATION S‘iEE\'}

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP81-01043R002400070001-3




o ccaanitnE v

{GE NUB
113

LATION

ich sequence is provided fore- . N : S
v e L"_“‘-"_1;‘_,,_‘:A_‘ B v vt oo STAT

figure 2. Diagral of the startings stopping, and reversal of an asynchron=

ous shortacircui%ed electric motors ) _
"%~-K3;2*-1€;3&K;4«N55=Kna ~=K,f57=V;8vV;9—N;‘
12..

19, - B3 110~ o 15,p.§v;,14v$ 3 15 = ﬁ;.ﬁézn-ﬁn§-17 - K

18 - v; 19 = ¥3 20~ iy 21 - H; 22 - F3 23 « be

2
s

. daba of so-called "yultiple cycle® cirvcuits, it is convgnignt’%dfrecard

of switching of the elements in the form of a table in the,qglumﬁs of

_' . e o ERESER
on the condition of the sircuit elements for the various cyclesAgf its
“he eperating cysle ("4akt") of & eircuit is’de

s which differs frem the preceding‘condition in

fined as that condition st

change'of position of at
emente _ ’ ) g
designate’%be regponse of an element by the plus gign and release by

minus sign. The sequence of operatioh of the elements of a cifeuit}(Figufe 1)

corded in the form of & table of switchings (Figure 3) from which it

n to fespmnd

v then be re
that when element A is gwitched on, elements X,i and K2 begi

in sudcession, sending & pulsating current to the signal lamp Lo

1

1 La

A R T x|
K,sz
=

re 3. Table of switchings of the circuit shown in Figure

ca of operation of the elements of the sireuit in Figur
S . . . : i

& Torm of several switching tables, since it may vary in relation &
pickup elements of the ecireuit, A& yable of switehings |

~a of aeklon 00 the
4 of action on the putton Kﬁ is shown in Figure 4s. As may be seen fren |
contaets of this putton are clesed, the reverse movementicontacJ

snd remains switched on until the butten Ks has beén acﬁed oo

4
|
&
¢
§
3

snequence also 4akes place in the event of action on the button K (Fig-
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ure. 4o and 4&) It w1ll be Been *rom these tables that in the event @; aetlon @n the

butten for mevement epposlte that takzng place at a given momenty flrst rhe c@n+¢c+or

i1 the "en” pmaltlmn mist be switched off, and then the contaetor of the epposxte dlx

T TELVIGERGE

rechion of movement switched ons The sequénce of sw1tcaing upon response of . the ther-
muu shield need not be recorded9 since the actlon of the cirenit elements. in thls
ﬂase iz idenbical with that upen sthchmng on of the button X o

The st uctural formulas and sw1trh1ng tables give a fazrly clear pictureﬁboth of! - . 1 _

2 {3 Ja L st 6fl1 |2 | 31 4] 51 6

a/mxs -k

w1

w3 N

+Ey Xy

éN.’

23“40.'Table of gwitchings of the circuit‘shown in Figuré

. he n0331b111ty of analvtlcal recording of the structure .of ‘a
wiveuit 1w the . ferm of a eerhaln algebralc exnressxon makes 1t possible o effect cm-
ivecgisn of the structure of the cireuit into another structure without dlsruptlng thn ‘ \

chien of z}e cirenit itsplf, Tn

§ P

gkes it possiblg, 1n gyntﬂeqﬂs.ofnthg.plygult ‘not

: be concurned over abtalnlng the 31mplest ulrcult at the very beginningo The eﬁly

‘LHDOTtaHG thing is- te-arrive at a @tructurey so leng as it conforms to the a331gned
ing aonditions. It is then easy to shift to any ‘desired strueture by making

; g
rouivalent conversions of the eiruature. i
, The tsble of switchings of the elements of the circuit represents in essence thcf
?o;arating cenditions of the latter assigned in the form of sequence of sction of the
lindividual elements, Such a sequence may obviously be recorded'prelimiﬁarily on the
B oois of avalysis of the astions, both those taken on the circuit and those Bffectes i
ty the cirguii itself, This suffices for regehing a decision as to the peééibility .
\"M craating the ciz'cu:.t ‘the strusture of its individual cucults acting on spec:.fm ,
j“fdﬂent39 and the entlre circuit as a whole.

We shall discuss in greater detail the features of structural formulas and switch- L
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qar
encmenmeroraiS T AT cescinaces

1nv tableso

: ch of it

ihion rcaatwg

enent.
ﬁwa'values,
crits

o

oL any - D'bﬂ ar

me pame $ha

will respoad

le“l

of the reialb

relay elreul

lone contast

N lcsefficient
ieon, and
ithe laws of

malas will

The snruatural To

only twe gondztions of the circuits affecting ‘thems

rgges in mmich thers are only electr1c eontacbs in
in this ease, the structural formula and each @f its

In the ease of relay action of the perfs

there 15 in the clreult of a relay element resiatan
ﬂmgcbhly ¢“om zere te infinity.
may be ézw;aﬂn into tﬁ@ rTeupeg
3651$tan@@ with whleh tho reac
a@téd én by thebeiréuit; deea net respond;

isistance with whieh this element dees reapondo

sature of relay cireuit
rrmulas u“araet@riZLng them hdve enly twe value

Let us examine the pr

This fsllews frem the fact that the eiroult, censisting
p&ra}lel’&aanaeted»contaeta of the eame relsy element,

. of this element (Figure 5a and b)e

Relstionships
43 in the’ algebra of relay cireuitss The 1awa of

115t?lbu*lon of ordinary algsbra are vaild for this algebra.

The 01rmu1ts correspending to these e xpressier

rmula as an analytical expresalon haa the characterlstic that
~ The specific charaeter of reTay eir~ .
in the presence of

embers may have only two valueso

®n the employment of elements wifh relay action lies
one 1n ‘which the element in ques

Thia appears the nost clearly in’
the 01rcuits acting on a glven ele
membara can have @mly

and’ ancther in which 1t does noto

arresp@ndxn to the closed clrcult and the other %o the open cir=

ing members of a eireuit, the actien

one . ¢

ﬂrnmpleg that

gircuit is reduced to these two values. let us say, for
ce thé smoumt of which changes

Then all the values which this registanee agsumes

To the first group we must assign g1l the ameunts of

$ing member of the relay element in questiong being
and %o the segend; all the ameunts of re-
The latter amwunaa nay be aaalgned

the memt¢ since tha element

vhe

tus as the eemplétely‘alosed'circuit of

with any of thcmn
s - the fact that the members of the structural

a -- determines the specific nature

ienships arising in relay circuits and forming the peculiar élgebfa of

8- .
We find that

)
(1s)

£ identical, series or

ineipal relationships of this algebra.

X o X =

x o x

Xq

2

Xo

is equ1¥a1ent in its actioen tm

2@

Figare 5o Diagrems illustrating the equivaleney of (1) and (1a):

1 be
(1) and (1a) attest to the faet that there are neither pewers ner
transpesition, combinat-
Fer example,

tra unsaesztlen of ordinary algebra reserded in the form ef struetural fer=

appesar Shuss

xv .;.yxn

x4, Ve

(2)
(22)

ons are shown in Figure 6a and b.

¥+ %

ACST FORM
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_They are mutually equlv
iments, the erder of t
Apart from ﬁne questl
nected in ahp circui

. 1lel, when at leamv ®

structural formulass

shege cirouits derives fronm the

TNe

shiree elements in the cireuit,
op frem the closing of the fir

ithe following forms

aleﬁt, since with parallel or . 8¢

his cennectlon is ef 1nd1fference

on of &ependency on the order in whlc

t of an. element9 when they are ¢@
clesed inv when all -the contacta are cloged, and when they are connecte

ne of them is closed

ombination of ordinary algebre are recorded thus in theyform

The Baws of e

(zp)z = x(y2)s

(x:-/-y)aﬁz; X%’{Yufwz)a

Diagrams'illustrating th

75 gure 6o Diagrans illustrating the . . Figure To
aquivalsney of (2) and (2a)s valenoy of (3) and (38)s
1= bo

1 = be
ne are given in figure Ta éné bo

The correspending diagrsal
fact that with perallel or gerie

s connection

it makes abselutely no differenc

ging of the first two elements

shether frem the ¢lo
£ the other twe.

st element and then o
£ the law of digtribution of ordi

formation,

The structural formula ©

x(y o ) = ¥ 7= x50

Figure 8o Diagramns 11lustrating the equiv

ixhab the eire

A= Bo

"The ﬁ:agram cerrespending to it is shown in Figure'BaQ
uits depicted in the left and right parts-of this figure act 1

e sgame Hannel:’ ‘In both of them the circuit is cleged only when centactl

s rules Tor placing in parenthese

L AllL the
£ gtructural formulas. Hewever,
g its own

¢rangpesition ©

Lords slgebra are valig fer the
re of relay connections stipulate

the gpeeific natu

‘opnbrast 5o the formers
By to waieh belengs besides the law of tpepetitien”

whive law of addition and/or miltiplication snd

Lghribub
rst law is the inverse with respect to the distrivutive law

of multiplic

o addition (4) and is derived from it by replacenment of all the laws by &

EERORGER

A6
ries coﬂnection ef thsTATe—
fer the aetlon of the egireuite
h the centacts will be gen=

anected in series,. the eircuit
4 in paral-

(32)

The equivalency ef '

e how we regard its
and then eof the third,

inary algebra assumes

alengyof (4) and (4a):

cew

It will feadil&:be seen

le and z ave cleseds
g and removal of parentheses employed in

of |

(3)

e equi-

of the

(4)

n exactly
x and y or

in|

(relationships 1 and 1a), the
she laws. of inversiono The

ation andf

he inverse
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AGE MUMBER

117
m——TAT ™

ones; it ig vecorded as £91$eWs;"‘ ! A IR R
cen ' L fya e (x y;(x + z)u O . (4a)
ap@nding'cohnections are shown in Flgure 8b. They are. mutually equiva=
o the right end left connections a ‘closed 01rcu1t is f&rmed when x oT

aleosed. . _
sws of inversion in the algebra of relay connections make it pessible te
one edeosed when: the

o anether having the oppesite effect,
Such an inverse conmectien is designated

£+ from one comnectien §
initial comnectien is open, and vice verss.

dash over the structural formula characterizing the eriginal
the closing contacts of the elements

canneetlonc This

» has already. been used earlier to designate

. connaction, since the latter represent the most elemantary inverse eonnectien

closing centacts.

Figure 10 Connections illustrat-

ing relationships (6) ‘and - (6a)s
1 = b o

The iaws ef inversion are recorded as followse

5 = %k T I )
FEF = %o Te

The connections cerrespending to these equations are ghown in Figure Ja and b
cennec ions corresponding to the expressions under the dash in the left part of
{tbe. connections on the 1eft in Figure 9a and h) have an effect oppo-

ﬁho'cannections corresponding to the right parts of these equatlans (thd
i

Aegti ' on bhe right in Figure 9a and b)

The laws discussed above are valid both fer individual centacts and for groups

© 4hem, an well ag Por paris of » cornections coninected” tn parelilel or ih-geries. ALl

ene lave are symmetrical with respect te the operations of addition and’ multlplwca~

wh of them marked by & mameral and the lefter wah can be derived from th@

by a numbral githout a letter, It is possible in them e venlace all
- gdditien by sigas ef miltiplication and vice versa.
the algebva of two numbers, one of which

end to the clesed conditien of the circuit end the other te the epen ceﬁh

e of relay eennections is

Atien. Let us netermmnn what these numbers must be, In ordinary algebra, one is

coefficiont of multiplicatien, the number which does not change its value when

v any others

x ol s =y
the ceeffisient of_additionﬁ‘ .
. x 05 X
FORM 134 DISSEMINATION FORM FOR | INTELLIGENCE TRAMSLATION
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e CIGERCE TRARSTATIOT FRGE ROWBER
i . ; 1sTAT,
Let us aotetmi.r what this aerreaponda to in relay conneutionso For this pur-
pose, let e imagine ax;:ressions (6) and (6a) to be’ the gtmetural fermulas &f “¢er-
* tain cewmeatieum ‘The uenneutien (F:Lgura 10a) corruponding 0. exprsauion (6) neans §
< fthat if " any | alezaent (or group of . elamenba) is aonnected in series with an unknown oird
= cui't aerxebywding ta'éneg then the -action of the ciruuit in which the element in ’
eéted does not ohangeo' This w1 hoM true only in the event that the
ding to one is oonstanﬂy- olosed, - _ : '
'_}(Figure 10b). oorrespending o expression (6&) means ‘fhat if_any
of elements) is cennected in parallsl with an uhknown bii'cuit cex-
. raspandmg % 4ere; then the .actlion of the oirnui‘h in which the élement iﬂ.,,quutien -
s oonnectad dmaé\ not, chamgeu This qan happen cnly if the oireuit oorresye..ding te
lsero is. eensﬁmtiy open, e s T .
" Hangce . the ‘owe values of . the . menbers uf struo’ounl famulas ean be axpresseci by '
' ) which csrraspcmds to the olesed’ ca.rcuit, and by zere; which correapénds te the
*lepen condit;en. of the circuit. The fellowing relationahxpa eccur heres S
. : x4z 1, B , "‘(7)
, v £20z 0, L {78)"
‘ fmm whlch it feilws thet any eirouit connested in parallel with 8 cenatsntly eloeed
ireuxt will albo be closed, and that. any girouit conmcted in series w:wh & ocnetmtﬁ

element '(‘ez‘

' ly epen circhit, w:Lll also be opeut.
Twe other wlationah;tps hold true: ‘ , :
=z 0y : : (8)
xF X - 1 " {8e)
’ ,_i’e:lwvn from the fact that with a. series connection of the. biééing and
-opening oemtaetg of. ene and the same ‘element, the airouit wm always be apwn, sinoe
feith any pesitim ‘of this element one of the sontasts will be open. 'I‘ha B on
iemamp is éeterminsd by the faot that with a paranel cozmectiun of the ¢1oaing and .
apening eontsw{;s 6f one and the same element, the cirouit will almya be clesed, sime
wi.th amy positlon of this element one st its contacta will be elosed. .
Uaing rela.ntmships (6), (68), (7), and (7&) as a guide, we can ebtain the fol-
lowing equat:.ensx

000 0 . - _ . ;(9)
00z 0, T {gm)
Tetuly o R T (10)
1 fta 1, o " 7"(10a)
0° 1= 0, o )
04 t=t. “{1a)
From ths very definition of zero and one, as well as of the concept of inveralon; '
“lt follows that ‘ o
- 6z 1, o “(12)
T2 0o . (12a)

The relatienship established above between the closed. and open condition of the
iairouita of & onnection and the mumerical values of ‘the msmbers of tha 5trlwtural
‘iformilas, &8 well a8 the formulas ebained abeva far operations with theme vdluesg

ﬁmake it possible to determine through compu’cations the presence of & eleeed or opén
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\GE NUMBER

119
=‘ireui’c in the aSTAth.:u:ui

ioeo determzn vfrem a glv n mdnn&ctlan the o@nditxena

5 "k& table’ of the switchings of ite SlementSn
that Lhe aonnectian gho

the following form-

wn iﬁ’Figure‘11 has-heqn-aasignui

L“t us sy y fsr exampleD
il e1 formla for it will appear in

wa(xaxaw/-a.){)%x(x*»#)()&

nd greuping the members with x1g 2, X5

ed.

Removlng the parentheses a ; and X4, we

sbtaln

3(“4“/’ X1‘7LI1X2‘?L1243'/‘°(X3’FX24)4 :
thaaes with the symbols of the’ reacting m@mber
e. ‘eircults acting on these elements, . R

e
s of

The membmrs centained id paren

the elaments of ‘the cennection represeat thy

Dlagram of & mltieyele pulsing davice.

ments of tha connectlon, Fgr
nya 1n the

Flgzre 110

8 determzna the 1n1t1al positioﬂ of the ele
o€ 1et us aauume uhat the connactian 13 dead anﬁ all 1ts el
All the cloaing contacts of'the elements w111 thes be epen (ap@
(equal % ane) Substituting these values
é‘on the elements of the connecbxeng‘

Let u

. uhlﬁ purg
frelensed eoud1t¢enﬁ

) and the cpaning contaeta sleaed
1t5 aetin

to zero
in the gtruc ural f@rmulas of the cirou

'ge obtain

5Ty B T

Fey )"=0=/°0°o=ao°

# < This. attasts te:the faci that in'ihe- releaseg conditien g ¢lossd oirculd is not ‘
a on, @¥l th elements

and Thatt when the- gonndation is gritohe
zeré cycle of the camhantion (Figure 12)}&11 its ele- :

Fa) 2%
=01z 05 Fry

P

F(x,) <

formed for v* of ‘then

rem&in St&bl@»' Thus,»ln tha

i A 2%

nents are” sw1ten&d aff o

Leb us n@w awiteh en e&ement 4 Moyole 41'in the switching table, Figﬁr@ 12)

The structural formulaa of ‘the “cirelits aebivg Bn SN elements o the aenneetion “here-

upen aseume the- f@llowlng valuesw

.
L
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N ———
GE TUWBER

lﬂm.usmcz Tfm’ NSLAﬂG\ .

JISTAT,

: a'i‘roix'it- is creabed for

The tmnai'aiem of F( 3. from 0 to 1 meana that 49

_ and - it :ls ‘ahus awitchyd on :.n ’che aegond cyele. The

5 elemeut x in the fzrst cycla,
euusiug the mitching on of the element

' uirm.ut F(X ) hereupan heeomes mqual to- one,
1 Xa in tha third eycle, etew The subaequent valueﬁ ef the qtmotural formnlae of the
'gx ‘the elementa af the wnneebion aw given in the uppet part of the
n. Figure 12 and the correapauling 8o ditionn of the el@ments of the

B ~sqnneetién (lewer parbe . . el Y e : Lo .
, : o 11 12 |5 |4 |8 16 L7 8 19 10
T = o 11 11 e laJ o to jo0 1 4
v 11;% g S S , ; : =
MR = 1o lo 1+ fo 12 [ 1y 1o jo 190 1

- o o jo |1 Ji.J9ojo |9 ° 0
; ﬁ% To o o 0

in Fig-

-=1ay senneatians ond. the relntiannhiga th aero “on
gegible 16 obitain certain gensral formulas fox eonversien of these oonnectionsn
example, let there be @ siructural fermla : i :
‘ Tz Ko I
‘Remevihgl % from parentheses, we obbain .
Pe x(1<hy) 2t Vs T
his is equivalent to the-aoniition in which the eiement ¥ in’

For

In this insteme f.
the secona meinbar of the stmotuml formula eque.ls Z3r0,
Let there 4 a gomewhat different atruetural formla:
: R s

Resolvihg 44 in ageordance with the distx‘ibutiva law of addition aml/er mxlti=
plication (Aa),“we obtain -
: - (x 4» #)(x 45- y)o

Hewever, % 4 ¥= 1} hense,

Fe xf X3z st

“The aldm&nt ¥ in the gecond member of the struotural fucanla thus equals ens.
‘ In the meat general instaunve, whén there 19 & gonnactior £(x, ¥y ovos v) ‘varies-
1y comaining the elements Xy Fo oy Wy and conneqted ix paréllel to & élesing con=

bast x /ﬁ%ytilﬁ ’c&é’c’ 148 4By it ser tefPinflval of x from parenthiges) be reduced to
ntaimng % nay be replased by eirciits which de net eons

one x, and 411 the eircuits 6o
tain this iember by application of the distributive lew of aﬂd:.tlon and/or mul'cip11=

sation. We may thus recerd in a. @anaral fox'm* e
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e amracae
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AGE NUMBER

‘ Jeentach x‘a., Ror cexample,, Tebs Hhore

't Let tk;ere -.Joe. a gtructurals fﬁmlw Ly TP AR A T

f’wm(x-ﬁy)

ir6,
we aebtain:

tany ezl.@mean'l;9
san be made torequal one: (cYonpd). and! all® tﬂa wppslig contacts ¥o equal ‘zeTe (elosed)
Slmhaﬂm we ean writes

(t52)

: connec"c: ons- )

1fermla for:

'y "’0 o9 W) ST’A‘T}) ) ‘

t if a eonnmtim‘ia,wnnée ted in. pu'allel. to the ol .contast

" on 411 the clesing contagterat @ given ol "an'c wl thin "0 i&i&z\‘neeug
made 0. equal 778 (apenud) ma m fkﬁwo:aming‘aonta.uts %0’ vqual ‘one

<. gyt "6 4 'b,x u‘»\ L .
Pyl 9”}'“'“13‘1‘&3(19‘77 seey “7) (14)
cdnnmt‘&’on S| "cc;meetad in’ serma “to a

anpd

R e é)L f(x,
Let us considsr an 1nm’came i niwhich-a
béra atmntﬁmb formula.

7w x0T

Removmg the parentheses, ‘we obtam
I'a),:*xc{vxyc g b EY m Ko

1d thus have bsen apsumed te equal 28T'0

The eentaat x here-gou

Then,. rengvin

the eontaet X within the parewm!aes may thus-be .made t6 equal ze-

In ‘this. 0ase,
igenezal caxmeetion f(.c,, y9 voey ¥y

awing an analegy with regpest te & cawam

R U s“: Seir Ml

(15)

Xf(lh Yo Hw") Xf(‘v Js ecop w)o
centact ef

o ‘dennected in series to the clesing

Thig- means: that 1f g conmecyien B ¥
g @livan: ‘glement’ within this connection

then all the. cleaing conbacte’ of%

ﬁ(xs Iormpod, W)x (911 2R )

insd permt falrly rapiﬁ a;ld effectlve smplifma:bien of relay

'l‘hs' fermulas eb’ca

“Let us take, for emmple, the oonnec'bmn ahcw }n F1gure 13&., The structural

Ateill heve ‘the fallowing forme

§ oy 4 Vx4 v 4 B x‘ﬂy% d)x -+ (s 4~ax}17
- Using fsrmlas (15) and: (158), we' fm:i; '
-wmmwww+ow4%+wmm+ww
o x(y 40+ ys) x(aw‘- a)y; o

f rmula (13) far the first parenthegls 8, ta.k:.ng into asc
; e

eu;_s»a"the

am’ig 'empl"’%ymgﬂ‘
fact tha_t o+ 5.

1. and X .‘/L Ty we cmta.m B
P ;'F‘_..',x(y o b} =,/=- 3y = (2 ~/~ x}x -+ kb S -,L xbg. \
. Ths camectlon of Flgure 13& ia ﬂmg equv&lent q.n its aor'tion 1;0 that of the

eomeation of Figure 13by which: has g muach fewer mmbér of céntacts,

-Let us “gxamine the prehiem of ayntheals of relay connections, whlch eonsists of

ahzﬁmg from the operatzng@ecnuuana abgigned for &- connec{".ien 1o

avaxfab;.hty ‘of the switoh-

the ablllty of:
structure saﬁusfying these: lemudimons,m‘rhen
aproeyaralifoyaulars’ “Pairly ample ‘mattery

he. cycles of_the sthchmg table is.
IQ nt resp«mding in ’che next cyle o

& cermectwn
ing tablas makes the ebtaming cof ::suchias
eethe cendltlon of the elementq in eaoh S L4
1rcu1t for, the .8

sin
the conditlen e?“ closing of the i

Thus, for example, the element x4 in the swltchmg table :Ln F:Lgure 12 responda in »he
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AGE NUMBER
122

m-s——-""STAT-—--“—

clesed oireuik far it must ba aroatcd in. ‘the: first sycle, in

“TRTELLIGENCE Tmﬁsﬁﬁma e

: aeoond cyele. h@nee ‘she
which the ‘cendition of ’she elemems 18 recordaﬁ !.n “the. form of ‘\:he preauet

5‘4"”"

which repr@se fm the atruetuml fomula of tho cirouit which alosaa in vthe ﬂrst

. cycleo

& they will g’i‘a’e the utructural ;ﬁ‘ormul& of the oircuii:s clasod 4n all these: c;ye;].ea°

Figum 1%, Illuatra‘oion o:r a connection bafere and after bixﬁblffica-s
: . 5 tions are made. S
g Thun, fer the suitehmg of any - elememt in a1l ‘the qyelea of a table i3 ig a&equata to

wri‘sa ‘eut the. pi :ducts of the syabele of the eoﬁe@u of the elements of

teion corraspondiﬁg to their conditicns in all the qyolea in whioh the cirduit of the
: 417 ﬂnd 5.

element in; quanhion mst be closed (for exanple, these cyules ere 1, 2, 3,‘
fcr the elamant x of. the awi‘sching table in Figm'o 12) ‘Hence ene ‘of th main taeka
of Sy”lthﬁsiﬁ iu cemm.la’oion of o table of: nitchingo on the bgsis of the epsruting
conditiemz ";‘higned for the cauneetiona This is auily a.ocompliahed 1n- me ahe of
1ts piakug aml perfeming elements, since the' uq\wngu of their ‘getion fallowe dimat
. 1y from the lia’s of . the ectiona exeroisad on the coxmection from without, and ‘the

list of 'ahese actiens whioh ’me nonnection iteell must exeroiae on the meo‘ ‘
trolled by Hc For example, ‘the table of switehings in Figure 4 for the ‘gtirting,
gtopping, a.na i-éversal conneo‘a:len of an aaynom'onous moter qan sasny be oompﬁled on
the basis ef analysisa of the erdor af the a.otions on the wttons K K‘v' ami K for
switchmg the eohkaatars N a.nd ¥V on and Bffa Eov«nr, tbe aequenee of‘ awitahing of
the elements et a anectien cannot always be ssgurod selely by means eof the plckup
and perfermias @1ements., In & number of oases. oonvorsion of the aationa exeroised onﬁ
the picku"' elamen’cs of o connaction from aithout into a a6t gequence of aetion of the

performng slemen‘os neceasitates the awitohd
nechien. ’rheir number and point of conneqtiou are readily daternunad by analyus of
the feasibility of the switohing tsble. The latter may be reelized in the’ #obm of &
conneotion enly in the event that, for ea.oh of its slements, not one ef the eembinam
tions correupendmg to these sycles in which $he aircuit is closed, is repeate& in

the cyclas in whiek 1t 18 8p8Ro ,

Identioai combmations of the elementa may ocnvem.sntiy be determned by compu-
tation of thair crdinal mmbere m a aystem of mmhrals with the ‘basis af 2 ({;he 8y8~
tom of hinary numbers) For exumpla, ve deaignata tha ind:l.vidual elemsnts 1n the
%able of awitchings in Fzgure 12 by th& numbern 2°, 2 ’ 22., 23 e.né. '24 and ahall de-

If wch producta are vritten out {'or a nu.mbar of cyolea and ‘thelr total “takeng '

ng od’ internediate elements into ‘the cen-|

aignata ‘the ‘condition of the elementa ‘of the uonneo’sion in each of the cyoles by the
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fﬂ‘,

T INTELLIGENCE TRANSLATION

e Nuﬁyrn
STAT

.,.Jzi_,______f

e

num of theae numbers, hi‘:éh" céi?f ’ pend

111 .F %ui'g_ 1&); A aomparimn of 4
2 7 ] :

-At}?‘a table, ahewy's ‘ih‘a

.vb_

| NUMBEES I T A il P

‘lmq o

'a oycle in whleh tqe cir

fer time in a eycle

b .
* Example of non-femaibility and feasibiii@y of a table
lements. ; S :
ituatien arisez'in the table in Figuré 15a, in whieh there
ing comblnatlens (6 in eycles § And By 4 in cysles 5 and 9}, For the element X, they
1t must be ep@n, aenas the sw1»ch1ng table is’ feasn

fall in cycles in whlch its clrcu
1ble for thls elementc Hewever, for the eiément xo, the cambinaxlen 4 falla enee in
. L) :

Pt 3\ : %
eult of this elemént mus‘ Ye closed (flfth eyele), and anethe

G Y
in whxch the: czrouxt st bckgpen (nlnth cycle) ‘For this Teasen.

#h%‘%lement in question, In erder %o renq

the table of gwitchings is not feasible fqr

Jder it feas

ible, it is necessary'to switelrin'g éupplementary element, compglling i%

ACsi FoR '!3A DISSEMBNATION FORM FOR !NELLiGENCE TRANSLATEON

8 FEB. 56 (COHT!NUATIOH SHEETH
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”'iﬁwmaﬁ?cs PRRRGLATION

TR "USTAT
1] respend and réleass in suc,h & way aa to elmmate ths T rent nunbers of the

sembinations ‘of the elemntso Uaually hhe very arrangeme;nt of theso vmmbera indm&ms#
~ {whers thke mupplementax‘y slement should be mﬂtchaé lno, ﬁ‘or example, ‘the table in

‘ Fzgur 155 ie mndereﬁ fw:sihla by the awibuhmg,, in of 8 aupplememory csle-mem ,ﬁ.ﬁ
Heyoles 7, 3 “and’ 9 (we *ahc-x table of switohings in PMgure 15b)o

‘ Le* v. :examine the. qu.eatwn m saparsbion. fron a table of sm'ochinga tabl@ from

which it wemlé, ‘be pwmblo 1o @hl,azn the strucfurm formilas of cu-cu_i*‘s'; \ahmh affech

eeeh of th” elemen‘osc
& tna mmmum,, ohO‘ﬂL eio.u@n’as which change their pesulon in the eyc‘le precm&u

ing hoth the rospc.mae emd release “of a glven elemant ahould enter into the. eomoosibw

‘ ien of the célmmentc affecung this element., The @?ements %he contacts oi‘ whiéh pare
'ﬁlmpa‘he m the: clre giit of the element in, queation. ghould ereate for it B feeeibl@ '

tevle of awntohﬁ.ntgaug for the cempi&atmn of wh‘m‘x the following rules may be form-

lated, L y . Sl - s

o, ‘d:ﬂh ’ch\s asmgned pwitching table i‘ar the entire oennection as a while Ls’ed

as the Ba@ih, [} %able is gompiled: which containg only thoge elements which ch&ng@

{their positien it the cycle.s fx'e o cand . frel for g glven el@mantu

2, If the %able 'btms obbained is not feasible, ene or. awre elements ara gought

out, from ameng these in the assigned genoral teble, th.ch will r@ndar 3.L feaaible

ghen aritten out in the sane sequemnce of awi uohmg on and off ag is g«bveu in "Gh\ gen-

eral bables ’ ‘ .

Z 1f ‘there ave no such elements: in the gemeral fable, the the switching in of

tary, intermediate elements in zesorted to. In this case it is advisadble b0

Jiy all the elomenty for which non-f@asi‘éle conditions are abtaizwjéﬁg in ore
hieve feasible switching tables. C e , R

Lot g ex.amvx the synthesis of relay normeotlone tbrongh the example of the
switching table in Figure 14¢ We write oit’ the a:equanoe of awitchmg of the elements
1A and X?]; whlc,h ¢hange ‘thelr pomtmm in cycles Ima snd f for the ¢ 1emant X1
The orresponding table of switrhmgs 18 ghoma in Eigure 16a., frem the . botton ling of
nieh ib wi}.l be. goen that it is not feaaio’leg sinm 1% has zecu,m:ent mnnbera ‘of come
bmauiena in o:ye" es 1 and 7, 2 and 6, 3 =l 6. - In order to remaer it w"easible. it 1is
necessazy 40 a.é& to i% the seque:acc of action of an, element whm‘l uhrau sn Ehe euug
switched in aould brn.&gé over the eycles having r@cuz-rent numbers of comb.x,natw cng \6
- Tor?d e 5) X (FLgure 16b) is suech an almmnv, ‘ :

In oréer 56 cxetprmine the auruomml formula af the cwnultex scbang on the ele-
ment X, wex w'itsz mﬁ; the cendition of the cleaments in the table shown in Pigure 160,
in all the eyeles in whxc‘h the cireuit of thw element must be closed (CJC]G 1y 2,
3, 4, and 7)&'
B¢

Xy J 4’“"1 B¥y o 54”“&‘“‘* o3y
Placing the common m@u‘berr c»ubrs:.do the pareniheses: and msu;mg the appropria ate

szmplificatmm , we have:

(K'g )Lx-] ?é‘x' 4(-‘“‘ ‘t’ ys] }l’x'ix"""/ﬂ = ‘4(x3 4 "‘!“.""1%4 :/;X'ixéxq.) =

£ (xq ‘/” ) 4__/

ACS! FORM 1 DISS,.MHNAMQ’Q FQRM ‘EGR RITELLIG ‘ZNCE TRANSLATION . .
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"RUMBER
STAT

g,

1 ' -"‘3 a5 Jela oty | o

BINARY,
' HUMBERS

o

e~ O_‘-é??» :

%nn’ ef "'”'16‘.‘."1"01’1\“30 e

that an elemsnt K . is Ew:uohed on befora a.n ef‘.eamam. X? and. ig w:.’t;cbed m. "8

(B )
or.at the same bims, then »uhG—ODndlf}J,mL of element’ X2 ‘being switched ow and »1 swl bch

ed off .at the same. time will nei:be eaacmntemd‘vin-a&zhe table, owing te which !

- - Lo ) BN
.,x'i.o‘:gz..sn_ G . v w(ﬂé,

ersion of this expresasion, we flad:
‘ . .o . . e Ay
N SR R X,‘ %’ X? _17‘1"" ey \36‘?’)

essien (16)-(as a oivewid e

i

Ima:{ﬁ euen\ to ‘the varieus other com=

‘hingtions of Ghe contects of e;lexz;ems Ay angx ?,,-mas may obtain a pumber of relabion-

ships vwhieh p”!‘mlu GHI‘.Q].lf'ﬂGGuiOIl of tﬂm soruet\rm} ,fczmulas when there is an asgsign-

Thug, f@r eﬂ.amlez : ; i o : . ‘
- - I =y . . y !
“ : CHE T onE /4 iz, = 3yl # %) = %y (7

%.ung the: mvers:-en “of hm exgrm@ion, w,ug:d‘ - SR

. " . s el ol (472
DT (o W s (17e)
bmilarly LR L o T e R
TR ;; 3; P ?g ;"; n/a x1 (,,; _%_Ké),“m _ME“ . S ey
The invewrsion ef tals emrewamn hae the fellowing ftpz‘ 3 e T
X “74’ »2 35?0 (182)
Remark.- . e et Lo :

In thé theory of mlq@ cenmeeuiom theva, @xe,oha fallowi.ng relationships:for the

different sequences of switching of the.elamgpiss. ., ey 1

1. Closing.in the- orden.af - the. indiges, opening. cimulcaneomly or in the rewise

order: - S e e wr N pfn e e

AETFOR  13h DISSEMINATION FORM FOR NTELLIGENGE ammswm

& ¥EB. 56 (commummﬂ SHEET)
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2,

. vaﬁrae ordar

6

o

a

I‘ -#ﬂ
3 ,
O,

fz}'
Zzg
P
4o
Oy

It will ba. seen from the table in Pigurs 1

. ation, the, mlé’nwnc x1 ig a]wa;,f s\u‘cched Y am*l'lem than, and athe}'ed of'f later then

the mwm% Xi’ and that the element 4 is L.Jva

tie'neo,, in gecordance with (16a) and (17)
}“l 7[ qu E] [H
‘a’ua:m the fingl, 3truatm:'o..1 formuls of %

1L3 ]

11“': 2 Ry

and we
in the foll@wmg forms

w(qu

»

- B.p. 48){5 =
For the ele::acnt KZ, 85 BEY bo peen’ for vh&

the elemn‘o, 'i.;ehangss its positionm in ayelss I

ing »abl@ is alwayc maazbla when ﬁwra 6Ty pre

Writing eut from the switch.mg table in Hig‘u?z’:k‘

gyeles 2,7 5,, 4,. 5, and 6, we finds

Plrg) =

A ,{.‘
x1x2 g

s 126
.'2'132. = 0, STAT(m)'
“ % c,LEZ - ‘1"’. (16a)
RN Y - 0n
132 = o {18),

Opem.ng in ‘the erder af hhe inz‘iz.oes, closing azmul‘oan@ously or in the Te-

1,

x "xqa_ '

v @,[.]5, (K s/-v 3) 6{; X1 5"14.? e &(}- /{' X 4) - ‘?"("{

tion and ths’elehent. threugh whleh the farmr veaptmds and, releasea (Flgu :

< (18a)

(19)
{19a)
(20)
{20a)
(21)

b . {212)

(22)
{22a)
. (23)
v . ' (235)
(24)
{242)

(25)
(25)
{26)
(263)
(27)
(274)

b dn the instance under comsider- .

& bh

s swibched on earlier than the alement]
in. the. strueiural fazmula we have‘

and a.x3 j'
w r.h"ov.lts aoting on cbe elamen

b4

i

b x )

/ e

swltehing table in Flgure 149 enly
 pou and. fz‘al In thiz o w}%n S‘ﬁf‘lw
sapd in 1% Dnly the elemmt in ques—

1( s,,!w) condd i on of the ewms:ms in

B

;{2'.'

2 %o

ACSE FORM
8 FEB. 56
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REF ROHBER T
127 - -
A SR

STAT.

g v :6?-" 1] .8" 9410

| TNTELLIGEN oF TRANSLATION

_CYGLES
BINARY
- NOMBER]

NOMBER OF

BIFARY -
NUMBEES- < o )

W 4 ,t o

.o’etalz\ed ire table w m‘i em“uua' fsw the [
{their position in the’ eyeles’ ‘ré:a and f "irg.nir\g eut the eonmtwn of t‘rc e"fee
ments frew this table in cycles 3 and t;, wa L;Lnd A

e e (F)?"‘zﬁé'ﬁ/ 254 = TRy
The same tanle ot zam.‘cchings (I‘:.gure 18) may be utihzed for the emz,erﬁ, % L3S
Uriting out vs‘fu, condition ef the. el&men‘csi‘ in eycles 4, 5,, by and 7, we f‘md

FCX)"EZ ‘%X234317543 “/'xz;l,.é"

ed on caﬂlef *‘m:m uhe elenent n.), and smﬁc"heﬁ of ¥ la:.e than the 1&tterg

5. and, -‘*onaequem.;y : _')" : LT
%5 o Ag 3% s % ,/_ xZ‘“B 4z x3 e Ty
formla of the eo“:rzec on .83

x m,ézékzawwfg (x + % 2’3)x .

yru.;entmur\ of the cmmcctmn is J"i’@’eﬁl in Pj.gmme 19=su O3

greumnfv \,he nﬂrﬂbera qmewhav ét*‘i@rentlh we have
(a@#xga)b/xafu‘%x -#x 4%112{

poml‘ing eonneation is gu.vcn.h Pigure u9b= it is szmzlar-

The

PRI BT ke

Figure 19, Variants of the -cm?gﬁac.,tipn ,o‘s’ s mmlticycle pulsing dwicé, ghovn in
Flg‘uf@ ‘]13 S o . - '

2

T = Do

ACS! FORH 1A EMINATION F O"{M }OR INTELLIGENCE TRANSLATION
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N |stead of in all thc ¢ycles m \w’moh bhe cirouzxt c:f a given ewmenu st be. clase\h
" in the avem. s.ay memon’c has Levoml cyeles of resptmsa and release m,eordmg to the

[IETS A —
‘AG_E YNUMBER
128

THELLTGENCE TRANGLETICS

ing* ou‘s of Ghe ﬂon&ltmn o'i.’ the elements in all the cycles m wh:.ch the aircuit of &
given elem@nt is cle.—;@dc na mmber m‘? 2as00 thia iex & z'a’cher u:wieléy proaesao
The th@ery ef'" relay eoxmections “has several fmmnlm i‘@r trmaiti@n ;rcm awi’sehmg
$ables 1o 1n1tia.l struetuml famulas,, a,nd mwexal of these. furniah a simplez- golube

.

1on ’co the’ pre‘blema ’ o
mrat ‘of all w muet be pomtad mz’a $hat whela ‘tho canditiori of the eléﬁeﬁta in

> the byal@é in which the eimuit of a givan &loment must be cl@sed (m the metnoé Aige
| cu@asd abw&? iB wrri'hten out, bhara is nd need. to reoerd in the. eyele i“v?? the CORw-
| aition of Lhé conuacts of the ‘slement for vhibh the sttuctural formula’ is befmg T
eord@@a s Bi‘mphfiea the mnversmn somsuhnts - '].'he fermula, f'or trmsnim from
tne amt«zhmg bable iu i.he aomatural f‘a‘rmﬁa g'” the eirr.mi‘ca agtmg on any element

X in this came has “the .‘c‘nllemng form: -

‘ | (H :rMJ/ x‘r3, e o (28)
. {where Tres ie the ccm.u:mn of ohe @lemen'bs m the a:,rc]e f . withou‘c ail_a}mme for

. the s:oma@t Gf ‘the elem@m"' K, . Bl L
W% is f:ne a@n&mtlexs of vhe e?}mmaaw in the csyc.lea in Whmh the e}.m i
o ﬁlemem‘: % mst be oiosad, likewige ml;hout a,llewanw for th@ @emtactv

-of the elemenit X, Ly “and, 1n’ atid‘.ttlon., 6.:::61!1&11'1@' the n.y@le fre 3
For transi aion ‘From” the ‘awitohing tahles 1) ‘im\‘.ial atmctuml mrmulam, 1% :ux

"f_'the

" Avery wwenmn‘t; t@ rigke usa ‘of the expmsawn i

T et @
ﬁhem f” ‘ :Ua th@ pame as m&maﬁaed a,bove- v c o
ia ’che inversion c.f thie condmmn oi ’bhs elamnta in the cyale f 1' M"gjain
" without allewa.me f’or the elemen‘t“s owR ecmbacts. S %
. Lomula" (29) ig r’omome.nt fer bhe mason thut when i is uu.&ivea f‘oz’ brriving
tat 11@5 stmc‘i‘.u:ml :ormula. ‘of. the a:u*cut o uﬂtﬂ}"}" on Py givem element, it ig mzm lent
[to write cmt fne ‘wondi wcm of the elemenca in the the cycles f eg and £ col. mn}.y9 ine-

i"wmhu ’oablps when £° fing and L7 a1, 3¥€ weitten oub in femulas (28) and’ (29), it is
necessary- te Jné:’lu\_c in ﬂrm the total of the condit tions of the e‘amen‘cs m eycleg

fr% “and ‘fré?. for all the cyBing of. awttchmg on pad oZf. of the element X

Let us ‘examine the synthesls of & relay eccnes wlen i tho 13,311 of pne_’ of the
% &ding

concrets pmkﬂ ema - of sye:tema of -electric pontrol of machinc lines :m“%big
cmzmeeti on"6f.a mla,y mpechaniem for plstanm :

This meahsmmm (Figare 20) oporetes Foliowes Pistons (two each) move'?fram

the mtemssembly glide ombo the bray of the. relo.;rwu ¥hen the first two pisﬁum; are
ci.el3:»**@:3:@&ﬂ 8 path switch m é.spmnsad whigh, moting on the cennection of ’she autama

‘ ic qystem, swi‘och@s on an electremagﬂetio drive E” which aﬁv&mces the cylincers howe

‘ rizenually (aleng arroy A) At the end of movement d the cyllnders, ‘the pa’oh awitch

P switched off the electmmagnet }51. When the asxth pa.ir of plstons move from the
shde onto the trayg the path switch P 1s agam (»LUTQbSGd whmhk acting s.gam on the

g

T‘le meth:)d dxscasaed of tlanmtw*l from 8 switr'hlnv table e stz*uctural J.u'ﬂmulas -
of the clr'omi;a &c‘ﬁi’lg en the indlvidual elemente o:t' & cennecti@n raquims the wnt» -

ug;_ aamlsmmmmeﬁ %b.,..ﬁmmaex. o ¥ TERROY i
ACS! FORM 13A DaS&EMENA ION FORM FOR INELL GENCE ERANSLATEQN
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;
NORBES
1 ,STAT

. i)
S TRTELLIGENCE mmgsumoz:

em, switches cm tha eleatremagnetw drmve Ez, whirzh
: 0 the pistons, in gmups af faurt,

eennectmn m“ -bhe automatlc syq‘o

o khe nmct uasembly,
e«agimn :md bray mtm {:-c tim ‘

.,

Figure Eds Dlagmmmahﬂ Tcepresen at:um @ ﬂm logdmg of th@ mlay mechanisn-of
machine lines for s \achining pisbones’’ R
oo, - Anberpesenbly i islides. 2 « c-;rjin.am.n ‘valve “upn. % - cﬂmdcr valve

"foruard!s 4 = B; :) - 332 (@1@@{3‘@«.‘ 1et} 6 - B (G}WGGuF’m‘L&DﬂEt);"

imwdin.g to. the ccmd i.mns f‘ oper.,uwm the mnr@ctien ef the auuc;mﬁ.b ¢ system

‘...;

must have oag pi M’up @l@ment (the) pmm suiteh P)
d.ri'ves'_ By and 11 s Ve mtm&w *%{)z.o mteriuediate elem@ntsy P XZ’ for the control
fof the laf tem In zmccmdan o with the comnwns of e‘pe;a,tlan of the QQMQGE-lOﬂq vie
fazan up a table of dem"er\co of awitchiag of- t;!e Blokbnte (Figure 21) ahd verify its

feaaisih uy. . hs will be seeh fiom e tabln. there gre ho recurm ng IP‘A!BLQY’:!,'EWOE&D}?m

e Qel'fermlng aleetromagno tie

out the cz,clns- of @pe"ﬁation af &He Connee’ iam‘iﬂams ‘che emmeetwn is feaa:.blca

Lau wz dete nnm@ the switahing e.:nrc.;i’w g‘f‘ ‘f:h:a ndzw@ual elementa o; u‘w con= N

negtion:

i s Gy e Foye
. . \Xj)p ‘\2)9 ""1)” (b ) .
First let us find Leae;\ble condlmms foz' 88 ch Glemexztot Element X s swl tched -

‘msn &ter ‘thp elem@.nt “has bcsx\

on in cycle 2 and of f in gyeleé 8? 1n Loah ma
s'witc:hed ofo Smce tfxcso eonmtwns areé comz-e.dic’mrv for the eperabicn ef :,.1 we in-}.
dioie emrent )Lzo “zow 7a vcrixy the

h 4

i he tab’e is nob fegm_‘)la,,

3 r;i‘ e muom*
i .éﬁ@ﬁ.ﬁ: s

R 11 'Gmb‘&natlm atobers (C) corrcspeufi 10

"r **‘ ‘t"he element ‘7’1“ ln cycs.e 0, the

k3

circuit F( ) m::.s’ﬁ bE é)pe Lre&uce the r‘@ncaets oi‘ j.,'
element X #te the gomnd

Ny Oy Yo -
conbinations. in. the }'et’sau vow of 5‘30!10 'ta;m:e irﬂ. *5‘1;!.:1

23 ) “The table mh be zeamblc

for sleuent X ‘3f the sams @1em®nts are ueeé as for Xp
In orde*’ to. r@nder the tablé ef em‘tehmm ‘xeaﬂlhle for the olemcn'as m,i' ané ng
) wi'l;n eausa uhe smtcnmg ° QJIL ef"‘

sf both electmmegnetso o ‘ T - o v

.
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GEWOMEER

TRTELLIGENCE. TRANSLATION R
«”"‘: ., ‘» '.‘.' .__,.,__m-—-——-‘“”' 1 i

STAT -

T91 6] 9tt0]11]12
"/'P L ] "P v .

CYCLES

| BINARY
 FUMBERS

BINARY - . .-

NUMBERS .
NOMEBERS .0 e
JpToRs - 0
hown in

fer the alementa . anﬁ Kz
n,l?igure 25 ghows t:ma comutions ef fms;bmht

We Qetermine the eipcuite: aoting of the ele

mg, cir ( ok
- lend bv fe'f‘mﬁa (29);

= .5-}-:2 “/’ x1 (f’;‘ig) - D-:‘ia “f{’zq (5 ‘1L Ez);

EEN z
2 By o 552(5%1) = ‘ﬁx,_‘ of -x?(_p ENN

0YCT ol 1t 21 31 4§ 5}.641 18

- N s
,‘.L\s*.{ :
NOUBERS ; Iy

+E4| Ay
. moupEES G o 21 21 61 6. sl Tale lo

hTows : I e

able aharaﬁteriaing t}w cond;s.tionﬂ ei‘ t’eae;;thllty of ’nhe smtahing
‘bs‘ of. the elements By an and Byo _ ;

$or FimpLILY the taxpre%iouq obteined {'o'“ 7 (v ')
ing eente,c‘u of the element P rayrebammg them in thé forms

(P ’/F( ))(P ’IL F(ﬁ))

jrate {hat 11, do@ﬂ not h&va bhe -eziginal expreseion fer the

D

a.nd I‘(,, ), we ii'solatez in

e}

then tha 6w

: It is easy to demws

circuits E(x‘t) and F<X2)

Indeed, apemn the T wwtheaes, we findz ..
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: Kﬁﬁﬁﬁﬁﬁﬁfmﬂ

"(m : P”"u 7 P%Q kg

=f1 G FEVLT ok b G f%ﬂ ot 1"9 * )
x,(p !~'ﬁ1.2,719 %y ;LK i = (o ‘7/“’ x) (3 %)Y

'Lhe cj.rouﬂ.a goting on, %hg elg tmmagnaw AE;' a,nd E, ny':‘th

2
oy

W@ deternm
Ghed o cendlﬁmﬂ (Figmre 22}:

‘“% 7 (E:x 2
fx K?Ez\; (P ?L K1)AT(P o+ % xz

fxﬂxcant p in the ‘par

5 respactively are aﬁde& tea ‘bjua e

}{,! and

ithat the spitehi

conngetion : i
S In this casty uhe a‘:alvnc &Kpl’@ublc\’i oft tne Q@nm:v’c-i on Eifsmmes. the following

fovn:, g .' .
(r a,é i) [(mc =f—~ 7:2 *{2 &/L (px 3}{2/}' .,,L Julx,,E% =,L x,z ' :

The element P is the brld o6 elmscnt i wsm. camcﬂtlono .

Fu‘,gum 240 the group of mechznisns
shown in Flgui'e ?0.. RN i . )
T eps 2-08 35—51, A«E

3 p’mphw repfcsenta,ﬁmn of . .uhe :mal,/tic «,xp aﬂsﬁ on m the wmeﬂ’cmn ob ained,

which ‘gsatisfies all the epemtmy
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TRTEL{GERGE TRANGLATION '

: Co ‘ -~ B. 8, SOTSKOV
PHPLOYMLNT o7 THE ELBMENTS OF SWITCHLESS GONTRGL
I THE AUTOMATIC BLECTRIC DRIVE OF MAGHINLS
: AED MAC&INE LIRES
Of the vamﬁ_aua types of mmtoh] 958 emit cam,

gresﬁesb simpliemty and reliahiliby,‘an ad@qunta grcquemmg of whanae of curreﬂt
and graat oontrollad powm#z- Those poeltJVG féatures have ingure

relatively extensive amplaymemt- @f jadustive e

1aauot1ve emittars D@mseos ﬁhe

be Qonvral eireulto

@ig even ab’ tha p?esenb bime,

it the connestibng of Putomai4c deviees Tor various urpeaaag

mxtte,s

v

o

C Piguve 1o Constrietienal diagrams of inductive emitters:
"q..,b,g.ng,gwa_ .g..m.

in sceount is given in bhis artiele of the princmp
#ith the aim of facilitating se-

ameters of emitters in

&3, canslderauleﬂs of the chap-

acteristics. and. ne thods of caleulaﬁlon af ﬂﬁ em1tkar

legtion of the eanMLruoﬁzonal carme and caleulaulvu bf the par

the c@nstr&etiw m smto}*l@aa symms et‘ aen'hrcl nf mschzn@ i
! :

wgﬁam» of veriens typea of im;ue’uve Cemitte

y these types of emitt-

neﬁa .

Figure 4 gwes “the c-onstmwa.enal &i

, of which 18 aud 1 hmre beﬁn mh‘: &o t‘ha wi\&esb ‘usef, Onl

ers
hxtsclb, aluhou@h the metheds of saloulab-

grs will he &ealt with subsequenuxy 1n the

ien propesed may be app?led ta the nthar gtnupq alaa;

In eomparAng emlttere wlbh Vdfi&h 1o 1nauutanae (L = vox) with these with ver~

’ 1% shewld hn maacd that the former aro more eceno-

ﬂcerned
R, in induetive systems wih

jable nutual ‘inductanse (M .z var)
mical in sofar aB expe ﬂdlcura of coppsr and stam;éld

W e var lt is p@sa:ble to anhlave graa&er ftsquuncv of change of current in bthe gon=

Thig is due 10 ‘the fact that o emﬂoters w1th 1 = var, the greateat

trol g;reuitu
um of the permehnces for the

value of L= Lmay.iﬂ condluioned'by ohe value of the s

RCSIFORW  ~43A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION
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A maln flux @ and 1eakage flux 5
the condue’ua.nee fer the laakagﬁ flu@ BN X emc,}

LTI the 'caso of ‘an cm;.%e:r mth M va&',, i B

o electr@m@ bive: f@:se: in_vthe seaondm‘y (aemroﬁed”) ‘c:.muit mdstermined by uhe ma.xira

T and mimmu cendue”anees o ‘the bpera%iné m.wc ‘i’
: cmmc‘i‘smsms or AN ixwi‘:’U’Ji"YW EMI‘L‘TEE
' m'emtter are thé followings

‘H(

S W
(g) the *mrkmg nhaxa@terisn@ :zta Sy f(x :
raohl

emtte“ ‘gnd. the dwnla@em@nt of :te armatufre;

hic.h, gives the reswtame of the

) 'ahe valtampere ehnraatezrls'aic i s £ ( , Whioh gives tliié saameetich between | e
- .';,. o FE T PR . :
" ’Zbe veliage. drep aa t‘ha emds ﬁe; ami *he aﬁrzm‘n% "ix”‘ ita M KV -
”" e RN, N AN T =
I c} “nd ¥raztion eh uo ‘__ 1; (&_‘ L}, whiah gives the @eneﬁdency of i |
thee ‘Sradtive forces ir *the e‘mt r gap t‘fx the ‘f*.m % of G’mplaolng he arpature | . RN
P R .
anri ‘the current muensit ) . e
' - te? 1"! ’ L e '
The wmkmff c}:sza.c uerl a.n em;ttm' @ ,gemas an ’c}m whole on the laws of
change of the pwmmemne of .Lb | "
{24 con be’ roprmsmtmé a.:s - ,-“'»', g j~ :
2y 5 Ry S § DLy
whers B, is the resistance of the emitter winding and Ly is the infuctanee of -tha
The .résﬁia‘_t:az'i‘cé of. the emitter winding is determined by the fermula '
° 1 . 9 ° 1 v 2 ' b
R@. = -_\'a-.»-:.-luud‘m = L 1(_121 ) . §
Pty Q ° fo ’
where { ia the resigtivity; .
‘ 1o is the average length of She turk {n);
K q is the avea of the cross gection of the ginding window (mmZ);
£, is the. £i1ling coef rricients
w ig:the “mr:m’ax‘ of turns of the windings
The mdwmme of an emitter is de terwined by the following formula:
2, L 2 . '
" Qif:f... ?ﬂ.. ?.Ou_ - 0.472. ’O - i c0° FRE '0 . (_- -k '{:,2 . : 2
a- T R R ""',? f""’ e 'ﬁ”“:’- ?’:"”'L‘;‘"“"'“ = 2 i
i ] 43 .

where R relucta'ncsz of the air gap;

@ s the permesnce of the air gapj
R is the felu’c‘tamce of 'bhe magnetia‘oi:t‘euim
s ! :
Weuelly & . <R
suadly by 7 fgg &1 henee1 =1-R
; y e i . -‘. 8

18, M e

N (kq' '3/ 3:{ n:t), 2

8 2

The values of ®. and w for an emit'sar ara cor&s’cant ma;mmtudes and when the emitter

ACs! FORM 13A DISSEMINATION FORM FOR !NTELUGEN(‘ ET RANSL}\& 10N
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© (x) sty con-

ig in operatmn, the va,lue of the permeance G changes, 1. e,, (}w z

: nec’nmn with wh:;ch o L e

Zd: 041:°1O % m{p(x);, f(r)

The fungbion 2, = (). i.s shown in Plgure 2a.. -For an emitter with varying gap,

for which, CRRDEP T P o ‘

. v S f ?
R A Nzy "/‘251“
it is nece«swafy to uake into accoum. ti"e poz‘meance fur leakhge fiuxes, which
euunlc‘ - . e RS
1
-Gm'l I ek "“,:q@%‘a.: i

:3.-

m the; coxs of. the, emtbe'“ o

where l_s ig the.leng
S 7 fm’ 1ea.kuge fluxasa

“’hen tze ob tain

nm;

)
U (o %;.gl) R

hfmg@ of cur:.‘e.nu in ‘the emitter have been assig zned

Gns*v’ “/’ = a

It uhe necessary limits of
(lower, I arit. Apper, 2)5 ‘ohen thaa requn*ed change of realstance of the emitlter is B

determined by the. 1 formulas

ey

TR R

where 1 is. fhe voltagé"in the“"'e'n"iiﬁtéz""-biféu‘.l"{;'-@""" '
A a,re 4heé possible’ Fludtuatisis of “the' wol¥age;
2’0 is. the resm‘aance seu.tchgd ’mto she amit ter eircuit.

vy . ‘,
Ve
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_-MSTAT

known, 1t ia possible to comgute the correspondmg value»s of

THTEILIGERCE TRANGLATION

With 2, and %
4 dz

ang bh«aw variatians upoen . e?xw ‘o af 1l ..age., Figum 28 showe the aompmam_' :

ﬁ and bz

tmzw of &y a,nd B* b,/ $he oha:cacmrﬂ stie 2y n ,.\x}. i

In a num‘ber of oases, for emmple, when i;hé emmter im connected in series

th@ relw, the resistance of ihe “atter %4 varisnle, chenging from the velue of

ub the armabure reléased. to the va‘me a:"‘ with the armature attracted. If the

cncm 52 end velease currents of the reIw ave &emgnated by Luag and Ir 1 Pespective-

neoesaar;v fcr the response and réleasd

with {7

5’
T
e
¥

£
e

'1‘;, the valxms of &he resistance-of tlm mu:i Fter
of‘ ihe relay are determmd a8 follow.

i 35&1 v

By, = wmedeben w G . ——]
d»] oo T‘I‘éﬂ" . FRRE )
nd e R '
& i =81
% A A
4, = ky
2 Tel

2 dg? Vit in eagy to compute by the function

with thé,valués‘bf»z1 = g ‘and 5 =
« £(x) the magm twe'a oi‘ 0 anﬁ 5 ccm"raapmd sig b them,

%q
Figure 2b shows the functions 23 b G )?) for the two valves zr = % and
e -
2o By ple "t:m&, hh(\ valms of .m:{.,‘ oad - t i;» posalble to. fma ure mc.gn tudes
¢ Tres. val.s /
of the gaps 6 ml 52, which cux'respcmi ’:0 the mstw‘m of response aﬂd releaaa of

lf‘ the ‘armature of the relay 1d za.'i‘ tracted (upper: curve), m.’m su;;seque G

of &F \t‘i‘"m ,mnt‘bv)e, e z, ineregsey, until at point 09 whlch ﬂmrespomm '

-

2, which determines th@ ma,gzx:g tude. 1 =

%0"& = ‘("ﬁ’f‘-‘gy it reaches the valne m‘,-‘;d‘,, fpy W
P e B i The relay rplease i e aTmabturo emd the value of i%s resistmb
.~ oap < Trels
5 “r _
falls tm - %, = Zr (weq, the opsr@.uing point ghiite £rom poimﬁ G o nam’c d) Fuge
With

Tiher cednotion’ of §- doea not’ p‘csdrzcs sy mhwe«a A the po:itmn of thﬂe re}ay‘o

. '-M

subsequent’ ﬁncrease of B (4n ecoo:dema%s wi i

a \uer curve), 2y I o, dec@e&stss e

.
P

33l s.’a_ poinfs a, which eorresponds to i‘;‘ « &” 1t reaches the value I =

Zq
‘II‘Q 2]

, with whmh “the relay attrasts its armatwrs @od by a jump changes ibs position
—

: e
Farther incrsass

fron 'pei‘ﬂt a

sorresponds o dwplacem;ﬁtifoi‘ the

ting point shifis

:
%

from the 'fralue Fy oz to the valas operat

2
4

g

-y

4o point ‘q o:{’ tae Wpper CUIVe o

operating rc:.m to the right of pednt Do .
.&rﬁzhei’ema ¢ the following conditiony is necessaly for proper apera’cion:éf an =
Binductive smitber wit for the avoideace of pulsing operabion -of ihe latters :
. 2t e a 7 < i .
Ei “r 6" 2 X
b r‘ ix'el
and
L=, + 2 T wEame
: Lres< d d(Q 2) < I‘l‘,@l . I )
ACS! FORM 13A  DISSEMINATION FORM FOR INTELLIGENCE ”‘"RAN:-LAT ION
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‘I‘he volta.mpere charactemstm of ‘an’ emltteﬁ is determmed by “the expresalon
L gy g T e 0 4 10° 87 g I,

1090; for a g:wen G (cr& ), Aiais also propcrtional to the magnltude of ‘the cuzrents
If G variés hetwc\en G i and G -y the, lzunltmg vouampere Gharactensi;ws nay be de~

f.mea as followss Cen T sl _

. . ) ) e » R 20 )
!—1 = B 004 )4 10 W b mv.]I;
o P K e
12 z a) Ci 4 7% 10 GH.MIO

Figure 3 showa the llml’ﬁlng voltampere charac’ceristzcs and the volta.mpere charac,+r
ietic of: an :InduquV load,, expressed m approxx;nation by ths« formu]h

;]
e S-SR AVEY ¢°‘:"C' LR °. L@
igoaylimo 9-.,0 A e A ,4‘," _Wo Gyo I

ity

Tigure 3. ‘, uraphsr_

a-of a llmltmg vol amPere canractemstlc’ b - of t‘no voltam
pere chamcteristm of an inductive I oad, 1 w§ 32 G s

3 e
(1.e0, aO ia 4saumw‘ to ecual ze#6) ¢ THe ‘pointsof “fatersection of Lhe limiting

voltampare char af‘b(.l“l ulcs of ad"emitiér with 4the’ characte*v"lsmc

' A ‘.ﬂ..,\ A :-"‘,'f;..'J YA W LRSS
h"im _ﬁ“ w,andgff_ w,.gt‘wzul(}oox,
: nt clrcult of the load of I and I

determin

°

2

cl"amc’é@r: st10° of 1 ca 111 ‘che attracted :mc? roi '«usﬂé omtlon m‘ t‘rx dfma’m:d nay

?»7" PO 0 ﬂm 10

-

the limiting values of ?\e curv‘em :E and’ I ”may ”o'é foumi .E‘rom the” eondlhons that,

or from Figure BB. -

of the relay mist 1iz within the l,.m*cs

gurrent I and_tha release current I
Tes re

‘ 1
I Teeg < 1
gnd

2< Iz'el < T

The uractaon charactemstlc of an eml-l.ter mey be determmed from the condition

or
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e G T /| T

) 0."4mv | v by L . i Sy g nw-w.. -
é aw o L e O o o

Figure e “ér&nﬁu of the function
'PQ; ol 8); ’
8 = whan the inductive load is inVi?:ab;a, b - when a. relay is connecbed;
1

" Figure 4 ev“ws the function P m{ﬁ) for tha event of invgriable inductive
110ad (a) and £6 ﬁhe svent of oonnection of & ralay (b), :n which at the moments of
Iresponse (wheti §2.8%) and lease (when B« 82 )f‘ﬁe ralay, an abrupt change of the
Jeurrent occuraf.and conmequently, abrupL changeﬁ cf the tructive forces musi aleo
take" place. . Cuive. i (Flwure 4b) cnrraapaﬂds to the released pos1tion of the armabure

s of the relay and ourve 2 to tbe abtracted positlonw ‘ ‘

' CALCULATION OF THE MAGN&NIO SYSTEN OF ANAEMITTER
We shall examine two methods of calculation of the magnati“ system of an emitt~
jer which make it possible to deterimine with the acouraoy neceasa“y for englneerlng
tealeulations the dependency ‘of the. odrréf1 in the emitter gircuit and ¢f the- load on

&

displacement of. the armature, - . _ .
e Galculatzon of the magnetlo syst&m'by meaﬂa of the family of ourves. B =
T f(I & jo The following equations are valid for caleulation of ine magnetic syso

temo ) )
' (a);”'Fcr magnetomotive forces:
(18}, = (1) 0 o (Iw)ns
ory_multiplying by
. N Hmﬁ + gt
lvhere £, is the megnetomotive florce per unit of lingihs
Hm is. the: portion of the magnetcmotlve fOTCa from 1 cm of the len3th of the
active. part of .the magnatzc ulrcu:t regs 1red for carrying the negnetic
Plux. through the axr gaps

By is the ‘portion of the magnetomotive forss lost in carrying the flux through
the megnetic circuiks . .
(v) TFor magnetic induction in the ma”4etic circuit: B = f(Hms);

m
(¢) For magnetic induction in the ali gap:

L
or &
ACS! FORI 134 DiSSEMlNATION FORM FOR INTELLIGENCE TRANSLATION
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STAT

L {GENGE TRANGLATION.

Figuee 5. Graphs"'f‘c"oi"‘ laulation of the mngﬂetio system of an smi’cter.
Drawing a straight line from 'the _ 1n‘t H\w f at’ an angle @ arc tg{}mv .,§, |
: M : S5

e fipd _paint B and the va]ues nf }1 o and' Hu (Figure Sa) Bz'inﬂ'mb point 1 to the
line fm 2 const, ve obtain tha point ¥ zapes,tmg 'cha <,onatrucuon for the various
wslues of £, “He cntam the cu'xve. m~'" F(ﬂm) Se’sting gurseives a nunber of values
5 @1, B, = B3 By = by oee e, fmd tha aqpreepondinr values of ¢ - and tg@ .

Iy ig-a simple:matter to. construat &' oma B ~ (H ) for-each value of tge {i.e0

each O )9 as ehown in Pigure. Saa
Tor the tmcal pa.rt we havee

e TR -7'- Ra) + Howss, - 9'-3 o400 LI,

n®
whence it follows that

R -{m /- (mw o:'sa '10 -,,L o - L-I )2

1

Dividing‘?ﬁk;a .right and lsft members of &he equation hy 1 o e find

: L
\ .,\(n .,a.y__z-w- a 1\2

Ler

© R nmen e b cm o
tane i o &y

w0107

in addition, the function

RCSI FORM  13A DISSEMINATION FORI Ton lMTEl.UGENCt TRANSLATION
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15 valid. v
Tor this’

Let us construct the funetion B fT(I b) ﬁar‘varzoua values of 6 .
t is necessary to change by 8 times ‘the goale alcng the absc1ssa in the
wn in Figure b5. Wé plot on the graph of the fami-
urve corgesponding to the equation

purpose it
graph of the family. of curvas gho
1y B, = - f, (I ) with various values of b, thie o

R
IR S o i
Imlﬂ ; m

and B

i

which the equation of an elllpse with a«miaxes I
We plot on this same graph the ‘funetion '

s et

g = tat, 'aw‘!

rdinates‘a straight line at the

1for which purpose we drav from the orlgin of the ado
the ellipse the

nvle g = B L R 50 i subbract frem the ordxnatas of
1 oW 4O~y o e .
k : P T A LT
tvalues of the ordinatea‘af>thg”straight 1ing  wewemmemmm=g,
R A 10"
yroken 1ine:dn Figure 5be The poinis of inter-
s T, X (x ) ) deteruine the

and obtain the curve

B 1 2738 Loy wulah ig.-indicated by’e

on of -the: curve thus obbaingd with the ouryes . By &
$ in the clrcuit of ths ralay and amitter winditgs,
the gurrent in the circuit of the re-
ha ori=-

sectl
‘[amount of curren
in order to arrlve ab the ralationahip of. .t
lay and emitier: windlnga 4o the aize “of the operat&ng €ap. a , we plot below b
ﬁ correagondgng to the aurves of the grath B
nf the values of the onrrente obtained ag 1 ren.'

sult down 0 tne 11nes correaponding to thﬂ values of B X ‘4s ghown in the lower por=-

Then we obtain the curve 1 qﬁ(& ) (cuxve a)s By similar
z @2(5 ) for the event of an at-

'gln of the coondanates the valuas of
f(I s O, ) and.-bring the structurea

tion of Figure Sbe
plotting it iSQQOSaLble to find a second eurve I

for whieh purpese it ls neepasary only to plot a stv aight

tracted relay érﬁé%ure,
line at an angle

L i
(7.2 n &re 174 ;wu gﬂ: “;_B
linstead of the,former line sorresponding Lo the angle 310 In this case we obtain the
curve I wz(ﬁ ). (ourve b)s

1% Ohould bs noted that the powsr logses in the steel of the ma

are not tgken intq account in the plotting diqcun?eu above, and for this reason in

se the vector dtegram shoen ia Figure 5d Jnatead of the vector dia-
¢ airouit of the emitter

1f the magnetic induction inm ihe magnetl
© in the amount of current resulting

gnetic circuit

galculations we u

gran in Figure 50:
does not exceed 8000 to 10,000 gausaes; the erro
from disregarding of the power losses in the siesl of the magnetic circuit does not

exceed 10 to 45%, and the method indicatad of calculaﬁioﬁ,of an inductive emitter muy]

-~

be auccessfully employedo
ACS! FORM 33A DISSEMENMION FORM FOR INTELLIGENCE TRANSLATION
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SNV -
whach makea 1t possxble to take into_sccount the

(hven below is another method,
Tosses ‘in’ tHe 'steel of the magnetic eysteme e o
Bc Calculatinn of the maggetio aqatem gz meana of the eurvesjg; By - ijc For

loyed in alternating ourront magretic systems, use is made |

L the magnetlc matef;als employel
: ./'-at the presem time of expresaiana of magnatio psrmability in the form ‘ )

: 7"”,..? By m e
1, is the component of the magnetio permaability"whiuh'determines the magni-
tude. of the magnetic fluxg ‘
By in the component of the magﬁe%ig'ysrmsability wnich determines the losses
in eddy currents and hyste*esisu
In Figure 6 dre shown graﬁha for ihe :‘uncuon

where

. TJ'
Boay ;3)
2 tl’n

d H and various frequencies

oz

with various amplztudes of 1ntansity of the magnatia fial

£ of the supply gurrent.

Figure 6, Graph of the. fungtion B *p.L - ‘W’R
1= 50 dyclea periseoond; 2«1 cyole per. gecond,

The vectoF diagram in Figure 7a is valid fo. ihé oondditions of connection of an

emititer (Figufg 7),

iz Im(Rd "ILJU}LS d) "’I£ (‘a ;‘ Jem ) ‘7[’ I (R ’/L JO)L

the diagram corresponda to the equation

-

ig the ohmic reéistanee“of'the winding
is the dlapermoa :.ndudtance‘of théemitier,
ﬁ/ je, is the electromoxive force, which is - Fh
1 . o

where}ﬁd
b5 d
leakage fluxes By

which is determined by the

duced by the maln maguetic flux
RO i the ohm1c load resistance,

4n the winding pf the emitter; v‘/‘

Ly 18 the load 1nductqncecv PR @Y.}”: 3
In addition, we have - : :
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lwhere ® 18 the angnlar frequency;

w is the: number of turna; ‘
3§ is {he ‘'winding asotiom S Ty ppe MEET AL
B, is the- a.mplituda of thé’ magneticrmmmm. e :
We fmd ‘the- cormeotion, batwoen the’ angle’ ¢ and the components of the magnetic . . ¢
pgrmeability: A - S {’ . o
lience, S et e
FRpE Hm% - jﬂnﬁa

Occasionally lt is more convenionv 4o ubebhes mverse function:

©H ¥ N ,L JH B (GL o JU-R)o

_Hm1 Hm
B = & and Bz me= o
R L [+4

Figure 7; Diagrams of the ounditione" +oF ‘doringotion of an emitters
1»y zU-»constan’c;Z-.y‘ tﬂ)whenG 2 0 o
o b b2

|The connectién petween (@ ), (Q,R) ‘aid (]:&R) (uL) is determir;ed from the conditions
e ) s

and. ‘ H Lf,.ig.x
; ‘ ; *.A‘Q’

'y A ».!- LI

hence, b
e ma L) S
L gg 74 . R =8 /t'llg :
It followa from Figure 70 tha’:

Hﬂ1 11“ o HELAS ui; PR . -
c08 € :r"ﬁ;l - "ﬂ-------w»nm I A

ERTR Y

Al

ACS! FORM 3A DlSSEMlNATION.FQRM FOR INTELLIGENCE TRANSLAT!QN
8 FEB. 5 (CONTINUATION SKEET)

Declassified in Part - S
- Saniti
itized Copy Approved for Release @ 50-Yr 2013/09/27 CIA RDI .
: -RDP81-01043R00240007!
'0001-3




M :
A [
AT T TR GG

 [TREELTIGENGE TRANSLATIO! ;

TR

' where ®, is the o1y in thi air: 88D, equalling i
o e ‘the Leakage flux, _oqualling o,z

B, 1e the.intensity of the magnetic fzeld required for carrymg the flux s A )

through the 8if; e k S <
¢, is’ the ‘total conductanCe of “the 6peratfng air gaps;
'lm ig the length of the A tive’ portion of the magnetic sygtem;

g ia. the remstivity ofiy the 1eakaga fleuxesz S . ! : ) B

Since

it follows that

()
" The magnitude oi‘ the, spac:.fac maga\etomotive force 19 -
b r2)
" On the other hand,
£ :t (Hm |
Ty
Using formula (1), we have
z 1B
. {3) \

The values of &, and éé 'may‘ba”‘expr_e'éisefl thusy EERTE -

B (G' who 281 )1‘,}31‘ : :
& \*f‘--pnil-fn‘n\-——— .

It follows from. the main equaticn of tha smitter :lmuit that o
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= o e o 2 7

1g and 32, wh:lah are subshuuteu 1n the nght member

on form\ila.a (3) and (4). A series of values of
responding to then are found9 and

I en “the. values of f, 8
quation, are compitted Tr
' values of th@ right nember -Cor
anﬁ rap ris cgnntrueted in accordsmw wiih the 1atter-

# : '

i[‘ % «/- soguzmmz © (Ry n/—a,,;? + I o ok w.- (LSd -,4 Lo)mJ }

-..' "The pom’n of infcer,sec’voxon of uu‘s gmph with the z'cra: ght line (Flgure Tb) } |

. AYz..g“.-iﬁ‘-zg oonst .
| determines the Falue of Hy s by whish it is pasaiﬁle 4o £ind £, and then
I*s .‘f.'..i’.?w..,.: BN

R e -

n ‘

A gimilar calculeﬁon mst be repeated'i‘or the series of values of the permeances of
' . o |

.

B mnortance ay higher frequencies of .

@

the air gap G o
This metl.nd of calculatxon is of particl.l
(on the order of 2000 to 5000 “eycles per Sek:Ond)v

DE.LEGTION OF THE DIE&LNSIONS OF AN EMITTER
d'.ha win\iing ‘of an omitter is related to the di=

“| the supply current

. The numbeL ~of. a,unere turng of
1 wensions of’ thee 1at*cer b_y the iollcwing functions

e B2 v R ‘
.(IW)Z a I,Z'R’ gj = Es‘;‘%—gﬂﬁ :W” 6ﬂ§£1=-~~
T ave ava B
or o
g st
w= P - .,.,.;..ig..., s
£ tave.

“Iwhere Q is the area of the orosa section of the window of the winding (4 = 1H)3

. L is the length and H the height of the winding;

ilave is the average length of a:turn, equalling bive & 2(v, + v,) - TH;

.

p is the resistivity of the windings’ R . |

£, is tae t.oﬂi‘i‘mlent of £illing of the area of the window with coppere

Thg'necesswy ares ‘of the coohng aurface ie ' -
. Scscool - G, g 521’9 \
or S )
S R R A U =
where PG is the loas of powsr in the wmding, '
PFB is the loss of power in the magnetic cucuvt, : X
I} :fs the sPecnic cooling surface (wi’oh afl aa.ugmd overheatmg ‘temperature ofj - o
50°C) 3
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on f aat ig- accomplzshed over 3

Usually Pcu ;; PF and the; yr;ncipa¢ cl;mina
hanneg in the majoritv

fhe lateral face of. the wxnding, of caaes it 1s permlssinxe

: to assume that
: ‘ “de?

<. by) o wlly S8 -.2(b + b2 o AL, we tind
Bible in prOuracted nneratlon of an

. Scool

;i Assumlng that Q = 1 1, = 200,

':'that the max1mum number of nmpere turns permia

..am1tter must not exceed ;

(b 7’—b -/-43
b,4h2aﬁgﬁ ’

When calouiatwng ths magnstlc surface of 4ir gapa At ds necessary to take into _ i

v ;,-L__}

L T SV I UPS L ik

mccount the aweéllng of the fluxo PO I
For .a rectangular pole ahoe situa%ed against
the permeance of, the alr gap’ may be.: determlned hy the . formala

8 surface'of much greater swtent.

et S e R

ay 57T
g ;,whe;e ﬁ is the 1ength of the alr 1nterva1
The Values of Ab and Ab are a function k

lval and of the extent (a) of the aurfaa‘ oﬁpoaxte t
the pole a°, The value of Ab nay be axpressed 1n appxoximatlon by a function in .

] damenslons in centlmeters\ _' b .
oth of “the length ‘of the air inter- .
he pole and the chanfer angle of | -

the fOrm ) . . R TR o . i et R . :
" Ab ':( [a LS & 2. w] Coa 0,58 o YN \V} : D
S , °

A eves . K
It is generally aaeumed that a ”2.ﬁ7,5 5 8?0>b"‘h9999; L

1f there id 4nother 51mi1ar pol 6ppo&1£e-thts 9010 tﬁé’perméance is deter-

mlne& by the relatxonshipa
gy 21057 (8 4

—s\-—p-wﬁuﬂ—ﬂﬂ"hwpun . smape S

viorE 3 5/2

land

by use of whigh it ié”pbséiﬁle“ﬁbVHBtbfhih%iin'aﬁﬁfdxinatiéﬂfthéAfunctions Gm§ =
- £{x) in the case of the' busio eonst?uotion' d#ﬁe‘uhbhh*in'Figure-1o LT

-
=

:’:\‘ [ERETRT
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: uLASbIFICATION OP THE COPYIWG DﬁVICES
; EMPLOYED IN METAL CUPTING MACHINES e
The copying dev1ces .employed in metal eubting machines are highly diveraiflede
The . mechanlcally, electromechanically, and hydromaahan1ca11y controlled dwv1ces are
‘the moet w;deapreada‘ Pneumomschanioal, photoeleetrameahanical, electrohydrauxio, and
other ‘devicas are algo. ercountered, “In'sddition;’ ‘héohanigms w1th conmand devlces and
the so-called electrxo formar An the form of & setting "rheostat, functional potentlo=
meter, etc, are counted among oopying devioeso Anglysis of the operation of the

copying devices mentioned make

‘ anisms, which are so diverse in designn The proposed olagsification is shown in

Table 1. v S S S

The firet subdlviaion has been seleotad on ‘$he basia of the principle system of

' aopylng devices employad ‘in metgl culiting machinesn
flowing basic unitss a former; a capying-measuring instrument, i8., a clearance gage -

(lmpulse converter), an amplifier; a performing member in the feed drive; and a per»~

forming member in ‘the machine, ine.y & tool Teshs

The units listed perforn the following functions:

- (1) measurement of an artiale along the former and oonver51on of the lmpﬂLBLB
jobtained in m@asurement of the formar«artlcle;

(2) ampllflcatmon of the 1mpulees,

(] ‘ conversxcn and transmission of the 1mpulses to the performlng member in &m

feed drive;
E (4) tr&nsmlaslon of 1mpu1ses ho Lhe performxag member , the tsoi:rest;
yﬁ) seciiring of regenerative conplingu N ;
| Ccnversxon ‘of the 1mpnlses oboained 1n megéurament of the formex- .article is ab-
“feent from meohanioal y controlled aopying devioea, and the performing member is ag-
gordingly exoluded from the feed drivan Hevartheless, they on the wholo retain the
: structurs of a copyzng device, diffEriné from the usual davxces only in 1heéhgree of
}antomation. Mechanlcally controlled copying devieea are aesigned o .the. category of .
devices without impulse converterss - : e :
Mechanisms centrolled by program aonmand devices in the form of drums wish cam59
a perforated $ape, setting rheostals, .ete, are.alsc aasigned to an 1ndependent cate»
gory, in accordanoe with the degree of automatlonc In these oopying devices, meas-
urement of the article is not nccQMplzshed during the copying pracesse, but befcre it
‘.The proper funot1an1no of the deyices 1s 1nsured-by appropriate adaustmenu of a proe:

the formeraaxtlole is the basic and most complax function of the usual.copying de-
vices. Desplte its complexlty, thl& function is performed by men in the mechanlams
under discussion.. '

It is comparatively sasy to exercise programm control of the operation of & ma-
|chine on the slmplest profiles of an artiole, partioularly in the machining of step-
ped shafts. An example of a mechanism of this type:is. the well-known device for -
control of a lathe in the machining-of s%epped ghafts of the L. M. Kaufman design.

s it poesible to effact a olagsification of these mechs|

This systen "onsista of the fd-

jgran command device in accordance with tha dimenslons of the articles Measursment of
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Basic criteria-of f .~ - - \ansification of copying devices

classification: of : -:Class;fica wone i :g‘

copying devices - . ) S L S

“11°~ By degree of ..|a - Copying devices without conversion of command {mpulses (mech-- o

1 automation’ ~ |enical); b - copying devices with :a copying and measuring instru-

Yooiimenty e - copying devices without a copying and measuring instru-

i jments ) S : : s

2 = By controlqu' a - copying devices with control of a single feeding spsed frem
feeding speed |the clearance gage; b.~ copying devices with stepless control ef

. feeding speed from the clearance gage; ¢ - copying devices with
wanual control of feeding; 4 = copying devices with a command de-

vice. .- . o - .

3 - By‘the~sysé;~‘ a‘chbpying davices of the static system; b - copying 'devices of

. tem of regux |the astatic system; ¢ - copying devices of the static system; d -
lation . |copying devices of the astatic system. :

4 - By the method |a - copying devices with measurement in rectangular coordinates;
of measurement|b - copying devices with measurement in polar coordinates; d - in
of loss of ad-|rectanguler coordinates; & - in polar coordinates; e - in rectan-
Justment ““| gular. coordinates; £ - in polar coordinatess g - in rectangular

- coordinatess h - in polar coordinates. . N

5 « By provisien
for regenex-
ative coupling

6 - single coordi=-
nate, contour,
or three-dimen:

~ sional copying|

|7 - By the form of
© ' energy employ-
ed

The employment..of program control &n the machining of éomplipated profiles is much
more complex; However, there are such devices; as, for example, copying devices with
functional potentiometers (in particular, with sine potentiometers), In this case,
the advisahilityvof freeing the copying machine from performsnce of its basgic func-
tion of measurement of an article cannot always be proved. The complexity and lack
of necessity of performance of this operation hy man limits the employment of such
devices only in major gerial. and mass production. ' .

Manually controlled deviceg_alsolareuinéluded in tbg category of copying'devicss
without a copying and measuring instrument. _In this instance, measurement of an ar-
ticle takes placé during the copying process, bub it is performed by man. Hence,
copying and measurement instruments are.absent from them, Just as in the case of the
copying devices functipni@é throughﬂa program apparatus.

The criterion deciding tﬂe classification of copying devices is the number of
feeding speeds controlled by means of a clearance gage. They may be divided inte &wo
classes in accordance with this.criterion, those with 2 single feeding speed contrdls
ed through the clearence gage and those with gtepless control of the feeding speed
through the clearance gage. ,The wellaknowy'copyinghdevices with electrocontact clear-
ance gage aﬁd with electromagnetic couplings in the feed diive of the machine may
serve as an example of the first gpoup. To the second group may be assigned devices

with an inductive.copying and measuring instrument and with electronic and electro-

mechanical amplifiers, as well as the mgjority of hydraulic copying devices.
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The dlfference in the number of feedmnm speeds controlled ‘hrourh the clearance

articles s
the dlrectionbof cross»feed and 1ong1tud1nal féed in the machine, the sxmplest elsc-
trocontact copylng dev1ces wzth control of a single Teeding speed through the clear-
ance Jaﬂe can create only a certain stepulike form-of the traaectory of the cutting
4ool; The complex coPylng devices, 1.8s, those with control of 1ntermed1ate fieeding
:  speeds throughfthe’clearanceﬂgage can in this case create an approximately rectilin-
gar trajectory of the cutting tool. .

The advantage of machining with the aid of & complex copying device such as
{thig hanifests itself chiefly in. smooth transitions from one form of profile »f the
former-drticle %o anbther end in rare changes in the profile being machined. In the
lcase of abrupi and frequent changes of the profile of the formertarticle, the adven-

t‘through e clearance gage. In this case, smooth change of spmed is mot required.

Hence, the possibilities of machining both with the aid of the asimple and the complex
oopying device are at any rate idé@tica} in the case of machining f the complex pro-
file of an article. When we take into account the fact that the complex copying de-

run-out of the iool rest and hence a larger:copying error, the advantage of the
gimple copying device in the machining of an article with abrupt change of profile

becomes obvious. The éxtensive use of the simplest copying devices, particularly

ed by this factors

Vevertheless, in evaluation of copying devices, aside from the question of de-

) pend@ncy'on possible acéﬁracy and that achieved in the machining of an article, it
must be - acknowledged that the copying devices with control of intermeliate feeding
speeds through &vclearance gage are more universal. In this case, an approximaiely
uniform tangential feeding speed, which 1s adopted during adjuétment of the machine,
is insured for eath surfacé of an a?tiale with any inelination.

The subdivision of copying devices next in significance mist beé made {n relation
to the system of regulation adopted -- control of the copying process.

Anglysis of the operation of electroéonﬁéetﬁcopying devices indicates the exist
énce of two basic copying systems. The mogt widespread is the system which utilizes
for'cbntr01 of.$he pracess of copying the deviation of the stud of the clearance
gage, which is proportional %o tﬁe logs of adjustment be%ween the former and the ar-
ticle. Use is made in such a system of g three-position clearance gage (Figure 1a)
which requires regulation of the gap between the contacts upon each change of feeding
gpeed selected in the machine. This complicates conéiderably the'operation of the
device. )

The electrocontact copying device of the second system, provided with 2 two-
position clearance gage (Figure 1b), does not require regulation of the gap between
the contacts of the gage, and this is its superior Teature. The first system may be

termed static in accordance with its performance, and the second system, astatic,
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1 gage creates tha difference in the poss:bllitles of machlnlng various profiles of an i
' aae of oopylng of aactions of a- proflle whlch do not ccluczde w;th‘,ﬂ

‘ltage remains with the simplest copying device with control of a single feeding speed |

vice, owing to the large number of its members, hag a correspondingly greater inertid

electrocontact devices with electromagnetic couplings in the feed drive is comditions
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Figure 1, Diagram of the design of electrocontact clearance gagess & -
three-position gage; b - two-position gage.

The copying movement of the clearsnce gage or cutting ool along the contour of
the former or article, as we know, is performed owing to the geometric addition of
two feeds nerpendwcu1¢r in direction of movement; the reversible tracking feed, ap-
proximately pe rpend’cular to the profile of the former, and the main feed, which is
constant in direcbion, approximately along the contour of the former profile, If
control of one of the.twe feeds indicated, i.e., main or tﬁacking, is provided for
in each positionm of inclination of the stud of the clearance gage of the contact cop-
ying device, then we obtain a "step-like" Zorm of the trajectory of the axis of the
clearance gage = cutting tool. _guch a form is shown in Figure 2 (machlnlng of a re-
cess). In order to obtain a stepellke form of the tragectory when the contour of the
former is within the. limitg of two quadrants, it is neoesuary to employ a three-posi-
tion, clesrance gage., The stepallke form of the rajectory oorrebponds to the first

of the two control systems indicatedo

Pigure 2. Stepolike form of .the trajec- Figure 3. ‘Serrate form of the trajectory

$ory of the axis of a clearance gage: of the axis of a clearance gage:

1 - Tracking; 2 = Maing 3 ~ Trackings - 4 - Tracking; 2 - Main; 3 - Tracking
4 = Directlon of main feed on a mille 4 - Direction of main feed on a
1dg mach1neo milling machine.

ir control of the feed of one dlrectlon or the other is provided for in each po-

gition of the stud of the clearance gages this making it necessary to provide for

control of the main and tracking feeds simultaneously in one of the positionsg, then
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T copying devices with a two-position clearance éage, owing to the simplicity of de-

| machines,

; be illustrated by the example of a static system copying device with control of im-
- i termediate feeding speeds through a clearance gage, for exampls, the device with in-

Wwe obtaln a “serrate“ form of *he +raaectory (?1wure 3) A tchpOSition oclearance
*ragectory bt ”ébonds 1o the seoond of the two oopying syatems indlcated aboveo It
appears from comparison of the performance of the 81mp1e elactrocontaet copylnw de-
vioes of the different dystems that thg gquality of the copying device with’ the stepﬂ
like form of the trauectory, the copyina conditions heing equal, 1s superior to the
quality of the copylng device vlth the serrate form of the tragectoryo

The data derived from the analysis made permit the conclusion that the contact

sign and. to the-adequate range and quality of the functions performed, are superior
to the similar copying devices with a three-position gage, in the case of slight
automation of lathes, milling machines, vertical lathes, and planing and slotting

The performance of the copying devices of both systems is similar, independent-

1y of the number of feeding speeds controlled bhrough the clearance gage. This may

ductive clearance gage and with electronio and electromechanical amplifiers (T. M.
Sokolov design). ' Despite control of intermediate feeding gpeeds, in particular -
through replacement of the clearance gage contacts by ceils with inductive reactance
the clearance gage even in this case remains‘threeopositional in design, as are the
simple copying devices of the same system. A diagram of the positions of the stud
of the clearance gage of such a device is given in Figure 4.

The disadventages of the system of the simple copying device with a uhreﬂn9031a
tion clearance_gage are repeated in the copying device with smooth Tegulation of the
feeding speed. . In particular, each time the feediﬁg speed selected in the machine
ig changed, it is also necessary to adjust the gap in this device, in this éase be-

tween the cores of the coilg of the clearance gage.

Figure 4.  Diagram of the positions of the stud of the clearance gage:
1 « curva of values of tracking feed; 2 - curve of values of main
feeds 3= threshold of gsensitivity of clearance gage; 4 - intermediate
position; 5 - gap between the extreme positions in the clearance gage:
6 - positions hetween the extreme positions in the clearance gage.

The general characteristics of the copying device of any sysiem are retained
upon chenge in the type of enmergy employed for the drive of the tool rest feed and
for control of the copying proceas. Thus, for example, one may cite hydraulic copy-

ing devices with smooth regulation of the feeding speed (of the same astatic system)

gage is adequate for ohtaining this form of -the tragectory° The serrate form of the :
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1n which control of the copylng prccess Ls achieved by & 81ngle slide valvesf;ge, 1°:
: ]
oy accordlng to the type of two-positlon ¢learance gage the stud of whlch has nos

| | internediate poeltion (Figure 5)» -
_The hydraulac ¢opying system of the static system retain all the characterisﬁics

: gram of such a device with a copying sllde valve for three pOSLtlons, which corrwo.

spond to the posxtion of the three-pesition, electromechanically oontrolled copyxng

deviceo

Figure 5. - Hydraullc coPylng device of the astatio asysten.

Copying devices should be further clasgified as o the. method of measurement of
the adgustment between the former and the article, the measurement being made in
rechﬁfﬁﬁgﬂfv;r poJar coordinates. In accordance with this, any copying dexice, aith-
er of the static or the astatic syatem, may be assigned to one group or apother, de-
pending on the method of measurement adopted.

Measurement ‘of loss of adjustment in polar coordinates is most frequently mede
for the purpose ‘of automation of contour copying at 360 ° Consequenulj, accompllsh«
ment of compléte automation of oontour copying usually corresponde to: this eriterion
of the method’ of measurement in pelar coordinates. An ezample of copyibg deviees
with measurement in polar coordinates is offered by such dev1ces in which the stud
of the copying and measuring 1nstrument is not 10cated centrally, but with a certaln
sccentricity wibh respect to the axis of the clearance gage. '

Measurement of loss of adjusiment in polar coordinates is characterized by’thg
fact that gaging of the profile of the former-article takes place at a point which
does not coindide with the cutting edge of the tool, at the distance of constant ec-
centricity of the stud of the glearance gage. This latter circumstance is the es-
sential distinction between meéaurament of loss of adjustment in rectangular coor=
dinates. }

On the whole, one may limit oneself to the criteria 1isted above when classify-
ing copying devices. Qther possible criteria, but ones of secondary significance,
may be the dedign of the mechanism insuring regenerative coupling in the functioning
of the copylngvdeyice and the function of the copying. devzce, for single~ -coordinate,
contour, or three-dimensional copying. The type of energy employed determinezs only
to a slight extent the quality'of the copying device and is. thus utilized as an aux-

iliary criterion in the cla551fiqgtion nrnnnunﬂ
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P, 5. ARZAMASTSEV
. SUPLOYMENT OF TRACKING DRIVE SYSTEMS
, . peR THE AUTOMATION OF COPYING MACHINES - . v
An account is givénuig this article of.the‘reéults of the work-conducte

IAT on electrbméchanical Qnd electrohydraulic tracking systems of copying

hieh operate both with a rigid former and. with a drawing.

Figire 1. Graphs of the feeding speeds of a co

S~ deviation of the shaft of the copying

.~ toward the contour

speeds of 1ongitudinal (x) and Tateral (y) fe
quadrants of circle; 1 - former.

& in this field was mechanisation of the

eds; I, II, II

The mos$ important proble
flat}steal_master forms-and their duplic
to insure (i) automatic copy
hn); (3) high‘output (high feeding speeds).
The exietiﬁg copying systems could not insure meeting of the req
respect to automatic copying of closed profiles and output.

The séientific research and project wo;ks con
file ccpying_system;With a rotary copying head,

Lible to create a new pro
elements which track the

tic of which is the presence in it of
hf the profile being copiedo

The necesgity for sdditional tracking of the an
the graphs of the feeding speeds
& no elements which track the angle of inel
) of the copying lug f
copiedo

gle of jnelination of

nay be elucidated from

re 1. This system ha
y through the deviation (error

irection of the pormel to the profile being

ination

°i1e and operates onl

rral position in the &
profiles in the form of a closed circle,

Tn the copying of
can provide only for the cory

bocding speeds shown (graphs a and b)
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ation. The tracking gystem of the mac
ing of closed profiles; (2) high copying accuracy (£ 041

unirements with
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of the systems given in Fig-
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the profile
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(1806degree‘profiléﬁ,_éraph a for the upper semicircle, an&,graph b for the:;ﬁﬁera

Figure 2. Diagram. of the NIAT rotary copying head:
1 - axis of copying instrument; 2 - central copying lug; 2'« auxiliary lug;
3 - brushes of sine potentiometer; 4 - sine potentiometer; 5 - flat spring
compressing auxiliery lug against former; 6 -~ inductive measuring instru-
ment; 7 - amplifier; 8 - former

The copying instrument system shown in Figure 1, without addi

thus provides for only one of the graphs shown and consequently can copy profiles not
lexceeding 180%, This is due to the fact that for transition from one feeding speed
sraph it is necessary each time that angles which are mﬁltiples of 180° are passed to
change simultenéously the directions of both speeds and the law of their change.

This is a typical three-dinensional copying systems

Pigure 2 shows a diagram of the HIAT rotarj copying head, which makes it posalblj

to track simultaneously the error and angle of inclination of the profile. The syste
has two copying lugs, a central 2 and an auxiliary 2’, The former is connected to an
inductive measuring instrument 6 and the latter, which is comstantly in contact with
khe master form, during copying rotates the brushes 3 of a sine potentiometer 4 to
the angle corresponding to the angie of the profile at a given point., Such an arran-
cement makes it possible to achieve displacement of the signal at the gsine potentio-

heter so that the signals at its exit will be

u oz Fy (S) sin @,

u, F, (8) cos @ ,

where 5 is the magnitude of the error;

is the turning angle of the brushes (profile angle).
The exit signals and feeding speeds zre in this case sinusoidal functions of the
lingle of inclination 6f the profile with an amplitude depending on the magnitude of

ihe error. This principle has served as the basis for comstruction of the NIAT pro-
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NIAT PROFILE COPYING SYSTEMS

OPERATING BY RIGID MASTER FORM - AND BY DRANIWG
A, The electromechanical profile milling layout machine (KSF-1M)

The 51mplest example of employment of a rotary copying head for automatic copy-

ing of closed prof1les by a rigid master form is the KSF-1¥ profile drilling-milling
machine, designed for: the laying out of ‘duralumin sheets.

FPigures 3 and 4 show an overall view and a skeletal diagram respectively of thisg
machine, The longitudinal carriage 1 (Figure 3) moves alonv tre bed, along guides,
by means of rollers set in rotation by the longitudinal feed electromotor, The Ti-
gidly secured copying head 4 and milling head 5 on the lateral cerriage 2xare dis-
placed by the electric motor 3, also by means of rollerse

The copyiﬁg head of the KSP-1i machine (Figure 5) has a rotary member 1 and a
fixed body 2. The rotary member has an ecceatrically located auxilisry lug 3. The
lnain copying lug 4 is located in the lower part of the moving body of the head in
such a way that its axis coincides with the axis of the head. In the ipper part of
the fixed body of the head is mounted a sine potentiometer 5, contact w.th the upper
surface of whi¢h is made by two brushes 6 and 7; the latter are rigidly iecured by
means of the brush holder 8 to the shaft of the head and rotate together sith the
guxiliary lug. A flat spring 9 wouhd by a ratchet device 10 is employed tu keep the
guxiliary lug constantly cbmpresaed against the master form.

In the operating position, the auxiliary lug moves ahead of the main copving
lug, so to speak "exploring" the profile of the master form. During ome circuit of
the closed profile, the suxiliary lug, and consequently the brushes also; rotats
360 . The tracking device in this machine creates through the longitudinal and .at-
eral feed electric drive motors the necessary force on the- central copying lug to

prevent the latter from withdrawing from the master forme

45 may be seen from Figure 4, the voltages taken from the brushes and changing
51nubondailj for one brush and cosinusoidally for the other, move to the control
widdings of the corresponding electromechanical amplifiers which feed the feed motors.
Coincidence of the resulting feeding speed at any point of the profile with the tan-
gentiazl is not sufficient in this case to prevent the copying lug from breaking away
from the master form. Thanks to special adjustment of the potentiometer, this speed
is always directed into the profile, i.e., onto the master form. The amount of the
"lead" angle of the speed reaches 15 to 20°.
In order to protect the fopying lug from excessive pressures against the master
form, sliding couplings are provided in the kinematic chains of the feeds, for which
purpose adjustable electromagnetic couplings with a Lprroma«netlu filler may be suC=
cegafully usedo

Industrial utilization of the machines has demonstrated their high efficiency
(feeding speed of up to 1800 am/min) and satisfactory accuracy (£ 0.2 mm), A cer-
tain complexity of the electrid drive must be considered as a disadvantage of the

KSF-1M wmachine,
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overall view of the X
1- longitudinal carriage;
lateral carriage; 4 - copyin

Pigure 3¢
g head;

Figure 4. skeletal diagram of the KSF
1 - copying lug;
5 = milling heads
electromechanical
- reduction gears;
feeds; 14 - brushes

17 = back coupling;

-1M machines
2 - guxiliary lug;
§ - electromechanical
jateral feed amplifier;
10, 11 - electric motors
of sine potentiomete
18 = force of spring.

2013/09/27

SF-1i profile milling layout machine:
2 . lateral carriage;

3.
§ - milling head.

3 - copying heal
longitudina
89 13-— 8

of lateral and longitudinal
r; 15 - master form;

o
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electric motor of

d; 4 - milling cutter;
1 feed amplifier; ¥ -
1iding couplingss 9, 12

36 - article;
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- Pigure 5. Copylng head of the KSF 1M. ‘
B, Blectromechanical tracking system with sine emltter

Figures 5, 7, and 8 give a skeletal diagran of the electromechanlcal tracking -

1 system of a profile ﬁilllng machine, a gtructural view of the copying instrument,
and a diagram showing its principle of operation. This is the flrst gystem in whlch
| the problem of automatlc copylng ‘5 ¢loged profiles has been fully golvedo -

As may be. seen from Tigure 6, the’ copying. and mllllng heads 1 and 5 are fixed
on the crosspiece of the machlne 83 the plate bearlng the master form 6 and blank 7
is moved by two.-guide. screﬂs whlch are rotdted by separate direct current motors 10
snd 11. The speeds of rotation of -both guide sereus are revulated by signals from
both copying lugs along two gontrol channels, those of the 1onv1tud1nal (V ) ‘and lat4
eral (Vy) feeds. Distribution of the signals along both ampllflcatxon channels of

the system is accomplisghed by a sine potentiometer 4, which in this system is the

nixer of the eignals of central and angular deviations. Zach of the channels of the
system consists of an intermediate electromc amplifier 12 and 1% and an electrome=
chanical ‘amplifier 14 and 15, Preamplification of 51gnals from deviation of the cens
tral lu5 2 is accomplished by singleé-tube electronic emplifiers 12 and 13 .
A general view of the copylnv ingtrument, which is constructed on the principle :
described above (Figure 2), is given in Tigure 7. 1t has an outer Tixéd body 8 and
an inner moving body, rlgldly connected with which is the auxiliary copying lug 3,
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Figure 6o Skeletal’dingram of the electromechanical tracking system of a

' profile milling machine: 1 - copying head; 2 - ceatral lug; 3 - guxis]

1iary lug; 4 = gine potentiometer;-s - milling head; 6 - master form;
7 - article; g - crosspiece of the machine; 9 = reduction gears; 105
11 - electric feed motors; 12, 13 = electronic amplifierss 14, 15 =

P

'electromechanical'amplifiera; 16 - additional voltage generator; 17 =
drive motor. ) . :

the lower paft of yhich ends in a €8Pc v

An inductive neter of central deviations (errors) consisting of twe magnetic
goils 2 énd an armature 9-mounted in a moving body serves as the basic eleuent of the
copying instrument. The posit;onlof the armature ia‘fixed by the joint action of two
regulating spiral gprings. The armature is acted on by & lever the lower pact of
which, the central (sensitive) copying lug 10, i8 provided with 2 calibrated cop
equalling the diameter of the nilling cutter. In povement along the master form,

#he auxiliary lug, tracking the angle of inelination of the profile of the former,

is displaced around the central 1lugs rotating to the same angle the moving body, in

the upper part of which is rigidly fixed, on & vertical shafﬁ, a brush holder with

two brushes T gituated in one plane at an angle of 90° to each others Both brushes, !
moving in a circle of the game radius, are in constant contact with the £1at sine po-
teptiomater 1, which is :igi&ly Fixed in the stationary body. An asynchronous motor
5 of momentum operation i8 employed to0 keep the auxiliary lug constaﬁtly pressed

against the edge of the master form.

Such a désign of the copying head, with the sufficiently small distance between
the points of contact of both lugs and the master form, practically insures coinci-
fdence of the plane of oscillation of the main lug and the normal to the profile at
the point of contact of the central lug, and hence insuresg equality of the angle of
inclination of the profile being copied and the furning angle of the brushes. A SPEGY
12l potentiometer which prbvides adequate emoofhness of change of the voltage and an
only glightly distorting form of the potential curve is employed in order to obtain
voltages on them which are proportionate to the sine and cosine of the angle of the
profile being copied.

As may be seen fTom the principle diagram (Figure 8), each of the two sections
of the sine potentiometer ig feed from 2 separate anode of a two-electrode tube Lzo

Since the grid voltages of each of the halves of this tube are rectified voltages of

the arms of the jnductive instrument, the currents in both the sections_of the poten=
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Migure To General view of the rotary copying jngtrument: 1 = sine potentiometer;

2 . magnetic coils; 3 - auxiliary lug; 4 - selsyn transmitter; 5 = mozentum

motor; 6 _ reduction gear; T =~ brushes; 8 - fixed body; 9 - armature of induc-
tive emitter; 10 - central luge

tiometers are adjusted to be equal when the armature { " the copying lug) of the in=

ductive instrument is in the zero position. yhen deviations (errors) of the armature

exist, the currents in both the sections change in proportion to these deviations in
such a way that the ourrent increases in one half of :the sine potentiometer,'and de-
creases in the other by the same amount. This makes it pessible to obtain currents

on the brushes of the potentiometer in the form of a ginusoid and cosinugoid with

variable amplitude 1inearly dependent on the error. Thus, the sine potentiometer in

this system is a signal mixer.

Mixed signals, preamplified by the tyo-channel iube amplifier L3’ L4y move 0
the control windings OU1; 0U2 of the electromechanical amplifiers EMUq, EMUZ of the

longitudinal and lateral feeds. Qwing to the constant component of the voltage in

the zrid circuits of the tubdes L3 and LA’ the voltage on the prushes of the EMU will

be of one sign, and this greatly reduces distortions of the chara€teristics of the-

amplifiers due’ 40 the phenomenon of hysteresis. An additional voltage generator is
counter-connected in the armature circuits of the &MU in order %o obtain variable

aign voltages'oh the drive motors of the longitddinal and lateral feeds. A8 expers

ience has demonstrated, such connection perceptibly réduces the zone of non-sensitivis
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Iigure 8. Principle diagran of the tracking system of a profile milling
machine: 1 - sine potentiometer (mixer); 2 - inductive instrument;
13“ -; _}:?Ul;.l,j,,- oU, 5 5 - ¥DC; 6 - 00,5 7 = EdUy; 8 = L3; 9 - L4; 10 -
ty of the elecéricvdrive motors.

. Figure 9 gives & calculation graph of the speeds of the longitudinal and lateral
feeds in rélation .to angle @ =~ the inclination of the profile being copied. The .
thin lines limiting the shaded area determine the zones of possible change of feedin%
apeeds in the event of deviations of the central lug, 1.0, When errors are present.
The curves 1 on the graphs are the main feeding sppeds va and vOy towards which the
system strives upon correction.

Phe following conclusions, which reveal the nature of copying systems as an
automatic regulating device, have been drawn as the result of analytic and experimen-
tal research of the system under discussion: )

1. When an article is being machined, %the dﬁpying tracking system strives for
an equlibriun position of the speeds, which poéition ig determined by the main feed-
ing speeds, which in the system under discussion stand in sinusoidal and cosinuscidal]
relation to the angle of inclination of the profile being éopiedq

2, The static accuracy of the copying system is determined exclusively by the

presence of distortions of the sinusoidal form 3f the main feeding speeds.

An electrohydraulic profile milling machine for the production of master forms
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Pigure G. &ranh of feedﬂng speeds and correction zone.
(the KFu-iA) has been developed and is being produced as a coumbined machine, i.e€.,
one for copying both by a rigid master form and by drawing. It is de31gned for the
high accuracy production and dupllcatlon of steel naSuer fofms of large dimensions
(4000X1700mm) . The machine has an electrohydraullc tracking drive the use of which
1nakes it possible to utilize hydraulic cyllnders of small dimensions as the main
tracking drive.

The Photoelectrlcnhydraullc copylng gystem onerat1ng w1th a drawing., As we knowg

for over twenty years;work has been conducted both in the Sov1et Union and abroad,
on the creation of an industrial copylnv system which would operate by drawing.
However, for a long time this work produced no results7 in consequence of the insta-
bility of the systems, an instability condltioned chle;ly by the stability of the
charascteristics of the pnotobubes themselves, Success wgs achieved in the construc=
tion of a stable system onlj after the development at the Academy. of Sciences of the
U35k of a phase-impulse system of control of phototubes and of a tracking eepying
system capable of copying closed profiles,at the NIAT.

An industrial electrohydraulic tracking system for the profile milling machine
was created on the basis of these developments. The KFS-3A machine, described above
for . - copying by drawing, is equipped with' such a system. A special electric cir-
cuit (Figure 10) based on the phase-impulse sethod of control of the phototubes has
heen developed for control of the hydraulic adjusting system by optical means (vy
drawing).

A photocopying instrument, a construutlonal view of which is given in Figure 115
has been developed on the baalﬂ of this c1rvu1t° The lower, revolving part of the

instrument has two lamps 3, a lens 2, a synchronous motor 8 with a hollow shaft, and
a phototube 9. The light reflected by the “surface of the drawing falls on the photo=
tube through the hollow shaft of the electric motor 8, which has in its upper end a

'blind with an eccentrically situated aperture. ¥hen a black line is present on the

drawing, twice in one revolution of the motor this aperture crosses its image; hence
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{yhen it is ab
aitter of the hyfdmaulic

the phototube is darkened twice.

then occur are preamplified and move b
four secondary windings.
error ¢

electronydr

to this coii is
usually being due Yo an error,
ig displaced in the dir
circuit of
geut to the profile being copiedo

voltage of
the negative half-period,

half of the circuits
ance is disrupted, and
11), and together with it the brushes o

the selsyn transmitter

well as cor
KFS-%4 machine when in

into industry and is giving 8

0,1 mm have been esta

Figure 10, Systen of control of & phototube by phase~impulse methedss
: 1 = DFj 2 = Lys 3 - L3; 4 - LA; 5 = Ly 6 - DG; 7 - Turning angle cir-
cuity 8 « Error circuit; 9 = amplifier; 10 - TH.

The impuises of the photoelectric
o a grid trensformer TC (Figure 10)
of both the turning angle circuit
The error circuit is the

current whic
which heg
and the

The thyratrons

ircuit are controlled by theée voltage impulses.

gulic tracking system, which is de
ugh both halves of the coils

al and the slide valwe connected

signed for correction of the error-
of the trans

gent, the’currents passing thro
gystem DG are mutually equ
When the phase of the impulse changes; thi%

in the neutral poéitionn
fepentially and the glide valve

the currents chenge aif

ection of its reduction. The turning angle circuit is the

the ion tracking drive, which checks the angle of inclination of the tan-

In this cese, wien an angular error is absent, the

d by the voltage of

iod of one thyratron is balande
r of the other

the positive half-per
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The voltege on the armature of
£ the photoelectric current cha
LF rotates the photoelectric head 1

oves through bthe selenium rectifie
the motor DF is then zerOo
nges, this bal=

when the phase of the impulse o
(Figure

the electromotor
£ the sine potentiometer 5 and the rotor of

6, in the direotion of reduction of the angular errors
signals from a sine potentiometer, as

purther control of the feeding gpeeds by
pection of errors‘by a hydraulic c
id maéter form,
described above has been integrated

orreéctor, are accomplished as in the

operation with'a rig

4 machine equipped with the tracking system
table performance under factory conditions.
g speed of 100d'mm/min and a high copying accuracy reaching :fi

A record feedin
blished on these machines operatin

g by drawing.
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g Figure~11a‘ Photecopying lnstrument- 1= photocopylng Heads 2 - 1em% N
3 -,-lamps for 1llum1nat10n of drawing; 4 - electric motor; 5 =
sine potantlometer, 6= selsyn transm1tter 7 - line of drawing,
8 - synchronous motor; 9 -, phototube. - ok

Speclal mentlon ‘ghould. he .made of the. demands made of the drawlnvs themselves°
’ The operatlon of the machine is stable. w1th draW1nﬂs made with black . or brown ink
wujon g light background (11ght Grays: light blue, etc.). The, line may be ‘from 0.1 to.
; 0 )Mﬂ thicks The machine oopzes the center, (axls) of the line. As experience has‘

o showui the drawlnga themselves. can be, made with an accuracy reaching Jé 0,10mm,
‘f whlch is adequate for many . branches of mechanlcal engineering.

It may then ba stated, on. the basis of results. of operation of a machine copylng‘f

“_frdm'a drawlng,‘thatuthe photogopylng_tracklngvsystem ig fully reliable in operatzon
'{’én@ may. -be recommended for indgstr&av' ' '
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HYDRAULIC TRACKING DRIVbb OF COPYING MACHINLb
eing extenaively employed in copying machlnesw
bro;ght about by back coupllmg'f i

HJdr&wLioﬂtracking drives are.b
8 have a constant actlon,

n the controlllng elide valves, in. oontrast to the or«
in which this action is performed only at the

: Hydraul;c tracking drive
f: of the performing mechanlam 0
 ' dinary self actzng hydraullc drivos,
' moments control: commands are givemn.
: Hydraullc traqklng drives are built in
the form of ccpylng attachments for general
The hydraulia tracking drive is superior- %o othe

prinoipal of which are the following: , _
The ‘mase of the moving parta of | -

to copying machihes or are produced in
~purpose maeh1nvso : :
T tracking drives in a number .

‘qf features, the
1 mall drlven nass of the hydrau1ic motore.
1ng—motlon hydraulic motors (cyllnders) is smali in 'e*ation 4o the, mass ofl <
while the driven mass of the TotoTs af direct-curr- h -

oximately’ 1000 times) than the mass dis-

_. reciprocat
‘ jthe performing member d1splaced,

electric, motors is much greater (appr
y-motion hydraullc motors ig also much g (ap-
¢ moteg, - .0 B

ent

-’,plac‘)dv The driven mass of -rotar
on mass of dlrect_currant eiectrl

. prox1mately 100 times) than the driv
, The relabtively ‘small ‘driven masses make it posaible “to uroduce tracklng ~atens
‘} w1th hydraullc drive in accordance w1th gimple diagrams aqd 1n g0 doing to insuie :
sl ngre: accurate copying than with other drivese ' : ‘ ". B
?o The posslbilzty of -gapless connection of ‘the hydraallc motors with the mas \'“
‘This is very 1mportant, gince the copylng process entalls Te

1t in fluctuatlons whlch codpllcate the.

v‘chlne units dlsplaceda

veraal, and gaps‘in the kinemat;c_chaln.resu

i; copyinge . . . ‘
' s blmpllcity of design, rellabmllty in operation,. and resistaﬁce to wear. :‘
The tracking dev;ce generally conslsts of - simple controlling slide valves and '

puxiliary motions (clamping of the part, accelerated feeds, ete)

:‘_ hydraullc motors.
e can be accomplished with the ald of .

" 1and other automation of the machlnlng cycl

“1 atandardlzed hydraulic equipmentq
The units of the hydraulic drive
wear out, with the exgeption of the pumps,

which have oil as their operating mEdiﬁmvpradi'

t1ca11y ‘do not which work chiefly at low
pressures and for this reason have a 1ong 1ife.

£ éopying machines belong to
ty of displacement of the performing - i
position with zero - | '

The hydraulic tracking systems O the category of ! [NEER

force and veloed

static systems, in whzch the
learance gage from a

“{members are determined by deviatzon of a ¢

displacement of the performing membeTe
the clearance gages which -

ted with the controlling.

' force and velocity of
y of the systems of copyihg machines,

4 mechanically connec

'In the majorit
is in contact with the magter form,
"|{slide valves '

there. are systems in wh;ch the clearance gage and the slide valve are

electric control systema
tracking systems have hardly been

However,
connected through a hydraulic, pneumatm, or
Pnpumatlcuhydrauiic and electrlcwhydraulie

used at all in domestic machine puilding. . . .
The following copying systems are dxstlngulshed, in‘accordance with the number

of tracking motions:
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with independent speed o1 Tne ur;vlng motlon,

“a) s;ngle—coordinate systems
otion~

“b) 51ngle-coord1nate systema with. dependent speed of the driV1ng m

c) two-coordlnate systems;
-d) three~oocrdinate and multlple-coordlnate systems0
4 "The sphere-of employment of ‘the tracking devices listed
.i nhiefly by the posalble angles. of the profiles to be copxede
‘ ln tne cage: of @ flat. pro1 ”;16 hl*h a total angle. not excee

st reliable and sxmplest tracklng system, the 51ng1e coordlnate system with

above‘is'detérminad
ding 12007 use is made]

'i of the mo
endent speed of the driving motiono .

Such a device 1s situated on lathes perpendlcularly,
The slanting arrangement makes 11 :

d parts e stepped shafts - by th

’ 1ndep .
C parallel, or at an angle of
AIGO or. 45 to the]ongltudlnal ax1s of the machine.

o p0331ble to machine “the most: freqnen*ly encountere

copying ‘methods
‘ In the case of. 8 proflle wi
nt speed of the driv1ng motlon,
Three=coord1nate and mulii-

th an angle reachlng 180° , use 1s made of single—co—

An ordinate detrices” with dependae! and of two«»oordinate

ofile-. angle exceedlng 180 0
£ bodies 11miued by curvilinear B

in the. copylng of

‘J'dev1ces in the case of .a:p¥
‘ ple=coord1nate devices aT8 - employed in the copying o
ous anglegs of incllnatlon t0 the basé plane;
tlally (or normally) to the. surface |
ections of which are -

| - | surfaces formlng vari
’ doub]eucurved surfaces with the »ool set: tapgen

in the. copy1ng of clcsed surves of surfaces 8

belng machined;
e oft the bedplateB ete.

% dlfferlng altltudes Elth respect "0 the plan
' THi ‘BASTC RYDRAULIC CIRCUITS *

‘ “quve 1 ghows a. dlagram of a copylhg macthe thh ‘a’ singleocoordlnate tracklng

"‘__(;d

v devzce with lndependent dr1v1ng motiono ‘

The paIt bezng machine 1 ‘and the master form 2 are secured on the bedplate 39: i

. .wnlch moves horizontally at the speed vdr

”he mllllng head 4 is displaced vartioally be means o
boﬁy of which is rigidly connected %o the body nf )

lation chamber 8 of: the sllde
¥hen .the,

f & hydraulic’ cyllnder ,;'“

) controlled by & slide valve 6, the
0il from a pump is fed into the circn
d into one of the cavities of the cyllndero’
from the central position, the
0 of the cylin~‘f

§.the m;iling head.

L valve, whence it is directe

?3‘sllde valve . is displaced upwards a certazn distance

the c1reulation chambers 8 and 9 into the cav1ty 1

0il moves through
5 to the overflow )

o der, llftnng the mllling head and forcing the ‘0il from the cavity

through circulation ohambers 14 and 12 of the glide valveo
The upward movement continues unpil the sllde valve b

in the cyllnder cavity, i.
When the slide valve 6. is dis=

ody rising with the mill~ 1

B ing head over‘aps the oil ducts €oy until_tne slide valve

e cyllnder body occupies the 1n1tia1 p031tlonn
the oil moving. from the pump is dlrected 1nto

for01ng the oil from cavity

“lin th
R pla"ea a certain digtance downwards,
M | the cavity 5. and. ﬂlsplaces the milllng heau downwards,

410 to the overflow through’ the circulation chambers 9 and Ts
T the slide valve and its

'Motion ceases when, |

as in upward movement, the initial :elatlve positlon o
body is rcatoreda
e master fcrm 24 whwch is in contach with the slide’

In the machining process, th
valve 6, contlnuously dlsplaces the latter, and the mllllng head 4 dupllcates the
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Figure s
driving motion:

'ulmovement of the slide valve 6o

Figures 2 and 3 glve diag

and the S9. Ordzhonikldza u
o In contrast to the

artlcle are stationary

adjustment)man& %

The drivin
n common in lathes.

“fione

ﬁJansm1351o

thro
connected to the punp 4o

'CO

) valve, until the initial po tiom

the glide valve moves upwar&,
is moved from the. center of ¢
In the copying rest of the S¢°

From cavity 1 the

Dlagram of a single
¢ g - overall diagram;

ber and clearance gage when p =

aohine Tool Factorye
diagram giveﬂ in Figure
(except for the ratation of the

The ENIMS tracking drive (Pigure 2) has
ugh at sli&e valve 2 into the- -gylindsr ¢
When the tracking 8

pressure in cavity 3,
achine together with the body of the

~1ide valve and its body is restored.
he copying resty.

nnected to the overflow and the .01l
1sp1aced towards the center of the n

GL the

~oéordiﬁate

1

he tool simul taneously participates 1
g motion is made in.the longitudinal

avity 1o

oP tha

1nto cavity 1 through a damping port 5.
0il can pass to.-the overflow through ¢

trackin

romg .of the copying rests of the lab

1 direction o

a dxfferent131 cylmder°

[GE NUMBER

g. system thh 1ndependenu

b - relative posl*1nn of the
0, vz0jcC- relatlve

performing men
poaition of the performing member and ¢learance gege ab Py
d-x 5 s T =D g P h - removalbe
nverflow pump’ overflow’
‘loranugx i Variv®

hes of the ENTHS

1, .in lathes the master formiand thg'-'
article and diaplacement in :
n ‘the driving and copying I mot»'
f the mechanical :

=
SI A

0il is fed

e

-

Cylinder cavity 3 is- coqstantlj 1

cavity-1 is connected to ‘the pump and’'t
he machlne by the: oil pressure in cav
Ordzhonlﬁldze Factory (Flwuru 5)

1ide valve moves downwards,. cavit
and the copying rest ig |
glide

ity 1o

ireulation chambers 6

" the oil is fed

y 1 ia

#hen |
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Figure 2. Dlagram of the: hNIMS—d951gned lathe copylng rest- 1 and 3 -
cyllnder cav1tlea, 2 - slide valve, 4 - pumpo - ,

and 7 and the slide valve 20t When slide valve 2 is d¢sp1aced, the pressure in cavity

ﬁ'f 1 ﬁhang»s, forcing the rest to follow the movements of the sllde valve.
I The hydraullc diagram of the prlnclple of ‘the.res: of the “Red Proletarlat" Face
:.ztory ig similar to the hydraullc diagram shown in Figure 1.

e Figure 4 shows a diaﬂram of the copy:ng milllng machine of the Cdessa ﬂllling
o Maohine Tactorys The body of -the slide valve is flxedy g the table with the ar-‘”
‘ ticle to be machlned and three-dimenulonal naster form pe~forms the driving and copu
“lying motions. . CT
, * The driving motion of the table is performed mechanic:11y, The crosspiece 4 is’]
: baLanced with the table 5, which moves along it by. the preaisure in the hydraullc
' system acting on the pis+on of the cylinder 2. A spring: 7 cimpresses the trackxng
flnger against the three-dimengional master form through a slide valve 3 and lever 6»';,
"{1a this process, aperture A is great enough so that the discharge of pump 1 passing §
‘i'tﬁ;oumh it is at the pre§sure necessary for balancing the vertical component cuttihg"
‘{forces and the weight of thé table and crosspieceé. - . 1
In the case of the direction of driving motion indicated in’the diagram, slide |
‘fvalve 3 is lifted by the master form, aperture A becomes smallnr, the pressure in the)
; hydraullc gystem increases,. and the table with the. crosspiece T ses, lowering slide’
valve j through lever 6, unt;l tlie pressure decreases to the extnt that the equi-
‘ llbrlun of the active forces is reatoredo The tracklng drlve, k(eplng the .area of

the aperture A almost constant, raises and lowers the table in coaformity with the

proflle of the master form, in such a, way that the cuttlnv tool reproduces the con-
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Figure B, Diagram of the copying rest of the lathe designed by the S.

" ordzhonikidze Machine Tool Factory: 1 - ¢ylinder cavity; 2 - slide
valve; 3 - master form; 4 - article; 5 - damping port; 6 and 7 -’
circulation chambers of slide valve; .8 - copying rest release handles

9 = limb of radial adjustment 'displacements of thé cutting tool. k

Figure 4,. Diagram of ‘the copying iilling machine designed by the-0Odessa
Milling Machine Factory: 1 = pump; 2 -'cylinder;‘} - glide valve:
.4 - crosspiece; 5 - table; & - lever; T =~ spring; B - tracking fingers

9 - cutting tool; 10 muvdfiV°

8 FEB. 56
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~Diagran ‘of -the . ENIMS MG93} copying deviecg: .1 - pumps 2 < driv-
4 motion hydraulic motor; 3 - damping aperturej 4 - clearanoe gages | .
‘5 ¢cofitiolling slide valve; 6 - copying motion hydraullo motcr, 7 T
ar3 10 = -cavity of controlling slide valve- 11~ spring; 12 « overflouf
_ . .valve,
: fflguratlon of the master form on the article to be maohinevh
In Figure 5 is shown & dnagram of the ENIMS deslgned type MG953 single-coordla»*”

rfjnate copying device with dependent driving motion,

2 v,vx The device maka it poasible to accomplleh duplloating machining on uni#ersal
"'1athess ' v : 4‘
' _The oil fed by the pump 1 moves simultaneously into the controlling alide valve :

5, the dering motion hydraulic motor 2, and, through the damping apartuxe 3, 1nto o

When the controlling alido valve 5 is ‘in’ the ceutral position, the copying mot-'
:'1on hydraulic motor 6 does not rsvolve; when the sllde valve is displaced, it re-
volves at & speed roughly proportionate to the displacemento When the direction of
”‘ozsplacement of the slide valve from the central position changes, the direotion of |
ﬂ rotation of the hydraullc motor 6 also changea°

The speed of rotation of the driving motion hydraulic motor 2 also is determino
- ed by the p051tion of the slide valve 5 when the. latter is in the .central posit-
B ion, the speed ia the greatest, aa it 15 displaoed from the central positién, the
apeed decreasea, and when the sllde valve 1s 1n the oxtreme poeltlons, the hydraulic'
motor does not revolvoo ' |

The dr1v1ng motion apeed dnereaees ag the copylng motlon speed increases, an
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approxiﬁat
‘the master fﬁrm,
‘ reachlng 1a@$v

e The connectiqn between the co

as- well as the po

"hydraullc-‘when ‘the clearance gabe
= sllde -valve:
2 trolllnp allde valve ehangee,

on of equilibrlum between th

- and
o poslti
, created by the powerful sprl
het

.foree
_ The hydraullc connect ion
' gage has been 1nuroduced i e '
versal latheso” Motion is tr s‘ 0
ib‘ motlon gcrews oi the lathee throu
11ng5a .
: The devxce has been tes’ced.l,e

B blades of ax1a1 turbines and pumps
4% pigure 6 shows a dlagram of &
3 The tracklng motlon is effect
and Lhrottle 5, the dr1v1ng mo 0
'égi lbe vressure in front of the ¥
is proportionate 0. the 9
.6 is proportionate 'to the sqaar
cregted by the throttles 5 and 6 is led to the..
1ide valve 9 8O that the sum of the forces of- pres~

tion of equlllbrlum remalne

- 1vnored)
’;preueuxe in front of ‘the throttle
 : tne dr1v1ng motlc 'Lhe prebsnre
;_ cav1t1es 7 and 8 of the sprlnged 'S

sure on the, sllde valve "when: the 1

4lmost oonetant this 1nsur1ng c
‘the dr3v1ng and copying motlons,
4 diagrain- of “the tw0ncoord1na
E Factorf 1s shown in Figure 7. The
"curec on the table of the machine,
rections by cylinders. 1 and 2.
ontr
ds o

of the clearance. g

pump 3 feeds oil through. the ¢
2- ‘the lOWanBSSHIG puap 4 fae
velves 11, 12,
a bar

da by

lve

. Imaster form 81 is ‘secured in
‘I Rocking of the bar 9 is limite
‘ upper end, are the two slide va
and the two slide valves 12, vhich
tion between the glearanc
Jic: when the bar 9 is defle
i clearance gage are displaced,
trolling slide. valves are displace
es 14

, situated at an angle

of the pressure in the caviti

plungers 16

ely 1dent1cal amount of feed i

n VBI'

n through a cyllnder 2
hrottle 5 (the 1eakage 1n the &l

onstancy of the sum of th

and, consequently,

”he system is fed by a twin pugps

8 hereby achleved w1th dlfferent ang%ae of

asibillty of machinlng proflles w1th a tgtal angle‘ =

ing sllde valve 5 and the clearancei
deflected by ‘the master form 8, the'
y 10 of the con-

ntroll
'flnger 9 is

T of the clearanoe gage moves, ‘the pressure in -the oav1t

1ling slide yalve 5 is displaced %o the -
Y 10 and the

the contro

e forces of pressure in the cav1t

ng11a

en “%he controlllng sllde valve and the clearance

to“51mp11fy mount*ng of the clearance gaue‘on uni-
ed

telescopic

from “the. hydrailic motors of. the deV1ce 4o the |

upllned shafts and artlculateé coup-

e machining of

1ous‘copying jobs, ihclud{ng th

o () ’

he
u epeed of the machlne, of the S

81ng1e~coord1nate tracking systnm thh depend~

Orézhonlkldze Machlﬂe Tool Pactorya
ng allde valve 3
4y and throttle

o

ed through a cyllnder 1, controlli
’ regulator
ide valve 3 belpg

quare. of the speed of the tracking motion, and the

e of the speed of

atter is in' the posi
e squares of the speedg oi

feeding 'stability during copylnge

te tracking system of the Odessa Milling Machlne L

part {0 be machined gnd the master form are se- ’
which is moved in two mutually perpendlcular di-

the hlvhmpressure

olling slide valv 5 and 6 into the cylinders 1,

s 13 into the slide -

vEs
i1 through damping aperture
s in contact with the

ge. The finger 7, which come

9 which has in its center-a npherical bearinge .
Resting against the bar 9, near it

ed pa;allel to cyllnder 1y

a ring 100
s 11, whlcn are situat

inder 2.

are situated parallel to eyl The connec-

11ing slide valves 5°'gnd 6 is hydrau-

the <11de valves 11, 12 of the

¢ gage and the conuro
cted

the

by the master form,
pressure in the cav1t1es 14 changes; and the con=
d to th°

and the forces developed

p081t10n of equlslbrlum between the forces

by the springs 15, Four

of 45 to the slide valves 11, 12, are connec ted
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| to the latter in such a way that thay represent a hydraulic“motor which strives-to
' turn the bar" 9 within the limits of the clearanca Lu the Ting 10n o ' -

Figure 6. Dxagram of the sing1e~cooréinate tracking system with hependent
gpeed of -the driving motiony of the copying lathe designed by the So
.Ordzhonikidze  Machine Tool Factorys 1,2- tracking and driving mot-:
ion eylinders; 3 - controlling slide valve; 4 ~ regulator; 5,6 =
tnro+t$es, 71,8 < cavities of reégulator alide valve, 9 - regulator

‘slide valvey 10.- pumps 11 - overflow valve, b

The maetar form Bis movad %o the finger 7 and -stops ‘the bar 9 in the defle"ted
positlon, the: finger is. compresaed against the master form by the plungers 16 and
forces the table to move along the magter form. 'The direction of feed in vopying ig] |

'v,determxned by . the asquence of connection of the slide valves 11,12 ‘with the plungersf'f
16, and the amount of feed 15 fixed by change in the rigidity of ‘the springs.15 by 1
'-movement of the blocks 17 The valves 18 are designed to paintain a congtant pres-
i sure drop in the sverflow apertures of the contr0111ng glide valves 5, 6, Two prin-: -
"ciples of construetion of two-coordinate tracking systems are 1llustrated in the diad
grag shown. ' |
1., The olearance gage finger is constantly deflected along a tangent to the ) .
: proflle to be copaed, by means of a spacial nechanism, Deflection of thé clearance B
‘ gage- is effeéted direotly by a hydraulic motor, as: described above (Figure 7) which.”
) deflects the ¢learance gage - through a supplementary tracklng system, or by an elec- 1 -
" tr;o ‘motor, whigh deflects the elearmace gage by means of a magnetic rollera §
2. The ‘projections of the deflectlon of the clearnace gage in two mutually per= i
pendicular directlons of novenent of the performing member control two- correspandlng
gingle- coordlnate tracking systems; the controlling slide valves may be connected
mechanloally or hydraulically (F;gure 7) to the clearaace gage, oF through pneumauic
and electric. connectionsc s
Threeﬁcoordznata and multiple-ccordinate tracking systems répresenﬁ combinations

of single-coordinate tracking systems, control’ of whlch is gaaerally accomplished B

through several clearance gages instead- ‘of . Gney’
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Figure. T Diagram;df th ;jwpgcpordinate tracking system of the Odessa -
Milling Maechin agtorys.: 1,2 -.cylinders; 3,4 - pumps; 5,6 - con-
trolling slide yalvess T = finger; 8 - master form; 9 = bar; 10 =

. rings. V12 wﬁslidg;valvesj 1% .« damping apertures; 14 ~ cavities of'
‘sontrolling slide valves; 15 - springs; 16 - plungers; 17 - spring
blocks; 18 - valves; 19 - overflov. :

PRESSURE IN THE ¥ORKING CAVITIES OF A CYLINDER
With a différénﬁial cylinder (Figure 8a), the pressure in the rod cavity (eyl-
inder cavity with,a'rélatively small area FQ) ig fixed as equal to the pressure‘ N
maintained by the:valve Pyal®
The condition of equilibrium is used as the basis for determining the pressare
in a rodless cavitys Assuming the left to right direction as positive and project=

ing all the forces to this direction, we obtain

R
Py o= Peq ¥ 77 ?:’
1'where F1; FZ (cmg) ig the large and small area of the cylinder of the performing
'member;
R (kg) is the.load.
The numericéllvélue of R must allow for the magnitude and direction of the cut-
ting forcesF_Weight (in the case of vertical movements), and the forces of friction.

The condition F, =2 F2 is generally observed to obtain identical forces in the

case of movements in bothﬁdirectianéxink@iffgigntial cylinders, In this case, the
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Figure To Dlagfamxdx the_two~coord1nate trdcklng system of the Odessn
‘Mllllnv Machin ctorys 1,2 = eylinders; 3,4 - meps, 546 = ‘con-
trolling slzde yalvess . 7 - flnger- 8 - master formj 9 - . bar; 10 = -
w rings W2 ide; valves, 13 .« damping. apertures; 14 - cavities of
oontroll1ng sllde valves; 15 = springs; 16 - plunvers, 17 - spring
blocks; 18 - valves; 19 - overflow.

PRESSURE IN THE wQRKING CAVITIES OF A CYLINDER
With a diffé:énﬁial cylinder (Figure 8a), the pressure in the rod cavily (eyl-

_ inder cavity with,a}felatively small erea Fz) is fized as equal to the pressure
4 maintained by theAva;vg Pyal®

» The condition of equilibrium is used as the basis for determining the pressare
in a rodless cavity, . Assuming the left to rightvdirection as positive and project-
{ing all the forces to this direction, we obtain
P
“5 e ﬁi’
where J?!,19 F2 (cmg) is the large and small area of the cylinder of the performing

Pyal ¥

2 R
1

membéf;

R (kg) is the-load.

The numericalvvélue of R must allow for the magnitude and direction of the cut-
ting forces, weight (in the case of vertical movements), and the forces of friction.
The condition b1 -2 F, is C'enerally observed to obtain identical forces in the

2
case of movernents 1n both dlrectlcns 1n dlfferentlal cyllndersu: In this case, the
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pressure in the cavity 1 is determined by the equation T
. s ) |
0o 51) —— ol o (1 ) i

p1 == "val B

The prebsurss1n the working and overxlow cdvitmes of a sxmple cylinder‘(Figure

8b) (p br ). are.- determined fvom the Lollow1ng conditions:
5 theoworking areas of the oylinder Fng from the dlrection of 1ngection and

overflow. equal each other;

. b) with the" sllde valve in the central position,

the magnltude a may. be both positive and negatives
h of the slide valve, and

the end play ) , 2tong all the

edges are egual;
¢) the side play b cmugt be constant the entire lengt

all ‘the edges of the slide valve and the ‘body are geometrically equalq

0il from the pump is fed to circulation chamber 4, whence it passes through

apertures 2 and 1 inte clrculatlon chamber B and through speftures % gnd 4 into clr-

culation chamber C, GCirculation chambers B and C are comnected to the overflow.

On the whole; the pressure. drop A o’ discharge 9, and the dimengiohs of the ap-
lertures of the slide valves are rglbted by the function

‘ Q
Ap * ¢ ?’
lwhere ¢ is uhé coeff101ent af the magnitude of which is det
the passage area f apd the relationships betseen the two types of

crmined by the discharge

factor ?1(131)9
pley. b, and .o

subgtituting ‘g, 4, end b in the function written with the ordlnal 1ndex “of the

ch aperture by pvalp Pran? P 7 e

aperture and expressing the preamu;e drop in esa

obtain - ; , : 2

20 wa gy s o o 0 it

_. ........

) Prab = (a o x3)
where ¢ ”c cmj/sec) is. the dlscharpe of the oylinder: 9, = Fy e Q3

q2, 9 (cmB/sec} is the overflow through the. apertures 2 43

(cm) 1is the displacement of the slide valve from the central position;
cm/sec is. the ‘speed of movement of the perforning member;

a, (cms/aec) is the overflow from one cylinder cavity into ihe other.
Prellmznarily -agsuning the pressure drops in apertures 2,4, ar well as ‘in aper-
tufes 1035 to be oorreapondlnwly equal and - taking into account the equa11ty of the
passage sections of the apertures 2 4 and 1,3, we have
' Cp = 4, q2 = q4 = 030
ion of equ;librlum arnd from. the functlons cited above follows:

From the conditi
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ough controlling slide valves: a. in
le cylinder; ¢ - pval 9} ¢ = Dyap’
s k- X =

Figure 8, Diagram of oil girculation thr
a differential cylinder; b - in a gimp

e - feed; £ - Q 7L a5 8- overflow; h - g, 1= Prayd 3= Popy
a o x5k 6,;. P I SR UL FARE RS PR
feed; r.~ overflow.. :

R

Prab. z. Qs 5( Pyal =,_5_), Pour = O’B(Pval -+ ?: °

In apertﬁresv1, 29'3; éhdhl} %hé'fdllowing drops take place:

R R
ISTERS 5(pm1 -/ ;«); AP, = 0o 5(pva1 Bk

‘ R
' ﬂence the prelimlnarJ covditxon of equallty of the drops in the apertures 2,4
and 1,) 13 malntalned .and . forﬂulas (2) are correcte

DISLHARGE THROUuH TEE APERTU?h% OF THE
ng slide valves are condltdonally leldea into

Q Jn em /sec through an open

ONTROLLING SLIDE, VALVbS

The apertures of the controlll

open 1;3 and closéd 2, 4 (Flgure 8b)s The discharge

aperture may be determlned by wr1t1ng the Bernoulll theorem for sectlons I, 11, I1I:

Py v.2 P ; P
WIS o w-_ . JH . .
,Y / 25 s /L hIS _‘ _.'tl‘ o ‘74‘ /L h_[? °7L h:[lﬂ I 2/-"1\1(1’
where Vo vIIg VIIIg pI, pII’ ﬁIII are tke speeds (cm/sec and pressures (g/cm ) 1n»'
sections T, g IIT5 oo o xS
gss of head (em) due to friction as the oil flows bet@

sections FFangdls
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h ud’ II,_IIIt is the loss due to percussion and frigtien (cm) as the oil flows
. hetween sectlons II and TIT; ‘ ‘ STAT
y is the volumetric weight of the oil; ¥ # 0. 0009 kg/cm5;
. g is the acceleration OL the ‘foree of gravxty, g = 981 cm/sec s .
and ror this reason it may be g8~
2
o z V1 ”°° 111 ® 205 ud”""*nv oIy, & "i"?‘
The léss due %o frlccxon ig overgome by a ve1001tv head, allowance being made

The speeds in’ aectxons I and ITT are small57

.sumed thaté L v

for it through the last equatlone
The loss hI’IItr may be exuressed by the velocity and coeffiqient of contrac-

tion:
hIalltr =

The equations written above gives

The discharge through the open aperture of the slide

S meRr - e ’25 ) . .
R ‘w(pl --pyp) = BE

55 the coefficient~of sormpression of the flow of oil upon pessage shrough |
the apertuxe of the: slmde va\ve,
is- the caef;1c1ent of dlscharge,

isg, the pressure drop in seotlons I9 111z

s

Pz Pps PIII & Pp vt Ppp

-The equaliﬁy of presaure of pII and P11 ‘has been tested experimentally with
manometcrsa With o discharge of up o 1000 cm /sec, pressure PI of up to 30 kg/cm ol
and sllde valve diameter of 16 omg “the dlfference in the pressures Py and pIII did-

not excesd 055 kg/em : : . v

. Pinding the magﬂitﬁd@ of the ooefflclenb of discharge B is & 611f1cu1t matter,
The passage area”f of -thesperture can be calculaked only-in anproximatlen, s1nce Itk
gaps in. the aperture depend on the axidl displacement of the edges 0, 2° slde play‘a~

'3, and obstrnctmon of the edges and the parallelisi of’fhe‘lattero' But exact
'measurement of 411 . the. magjluudes mentLone& is imposaible,’ F

1%t is more. advxsable not to determlna the coefficient of -discherge. u on the

ellde valveg, but oh a speclal devxue, a, dlagram of wnlch is shown in Fxgure 930
The play O i8 s-all 1n relatlon to the daameter of the ﬁllde valve. d3

Q'gﬁ: 09005v hence the-aperture of the controllxn« slide valve (up to section II9
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STAT,
1derea a narrow flat &pertu;e with bhe profllc shown in trigure

T TRTELLIGENCE TRANSLATION

‘Fl@ﬂf@ 8b) may te: cons
9b¢ and*havln ‘the 1ength g equalling the developed 1emgth of the edge of the slwde

1 valve, an’ a®, fhre d*fficult of . msasurement thus being replaced by one ﬁg;ghﬁggrmlts

‘ t;exact measurement, L :
The coef?:clent of dlscharge 1s determined with pi@y 4] f&iylnﬂ from 0,007 to

0.0%5 cm v180031ty from 0:17. ﬁb 0o 75 em /sec {2.6 to 10 E) and ‘hegd of up b0
2500ms with the Reynolds 1ndxoés (Re)“ Hﬁloh vary from 7 to 145, The Reynolds index

was computed from the formula Re = ea«wﬂ where v cm/sec\ ig the average velecluy

of the 011 An the ape ture.
t The magnltude of the coefflclent of dlSGh ge V) 1ies between the 1im1ts O 5%

1and 0.760 Wxthln these 1imits, hlgher values of ﬁhe coefflc;enn of dlscharge per-
| tain to less vlS ous il and' o grester head. '

The sverage value of 1 subsequeﬁtlj adopted wasd 0060 »

The'paésage area of the aperture of the slx@e valve (Fivure'1o§ is

’ bop e B -

In determlnvng the play B - it is necessary $o allow for side nlay 6Py end
ple¥ 0 , and a certain obSuructlon of - the.edges of the slide valve and bodye It
is sxmplest to find, the . play © graphlcally on a large scales 8o 1000:1 (Fig&re
10a). ﬁe&surement unéer a mlcroscope has shown that the obs tructions of the edges:

of the tracklng elida valves ‘have the form of cone having a length of & 0,01 and

an angle % 20 o

Figure 9o Coefficient of dlsoharve of open uperﬁures of conbrolling slide

. valves:' & < diagram of device for finding coefficient of discharges b -
form Qfﬂ&pgrturesa .

From the Bernoulli-egquations written in EGQuence for securons 11741V, V, VI

(Figure 8h), assuming the cosffigient of compresdlon €.of the stream upon entry into

an overlapped eperture. t0 equal (which is: permssmlej gince the obstruction of

the edges is commensurable with the plag),.. derlves the initial eguatioa for finding
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- e A

the dlschar ge - through overlapned apertures

STAT

= Q2
= %'z zz + By pire

IY
The ‘1loss due’ to friction h1 and Vir

g% the zone of flow between sections IV and

Vv is found by e of tne well»known funmtiev for leminar motions:

R ‘1?@@ v
1v, vtr_~_ 2 g 227
1is ﬁhe 1ength of the uvsrlap (Flgure 10b)»

where
 Then the dischgrga thraugh en over]anped aperiure is:

Figure 12 gives the valiues of By

Figure 10 Passage avea of a slide valve 8o

“pldy: wath overlapped apertureo

2_‘..
Q= W ?gﬁi’t
where
o= *f“--g'—r~1 0
T s - |
for the coefficient adopted, B :vob6°

play with open aperture; b

)

Formulas (

3) and (ﬂ) requlra verixlcatlor because of the allowances made whea

they are evolvedo

through

chargess

Plgure 11a ShOW° the pamsage area of an aperture £

edges noted above ‘being, ‘baken. 1nto account)
the, &perture9 computed by use of formulas (3) and
the exneriment %he experimenfal p01nts are given “there a150«
The discharge of mineral oil through narrow aperture
o; timeo However, for single-coordiﬂate te
should be ignored9 since: it 15 a comparatlvel

slide valves are constantly d1splaced when it operat;on anid restore tne maxxmum dise

In the literature

wxpcrlmental data may be utilized for such ver;flcatlonp
(the obstructzon of the

and. Figure 119 the dlsuharge of oil
(4) for the condltlons of

ackxng systems this decrease vn dlscharge

I slow Drocess and the controlllnv

ons enconnters'incorfect statements coneerning

] deoreases with the lapse'

finding of the
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STAT

‘ %ischar ge through the aperturea of oontrolllng sllde valvess
EVRI: & 13 pyoposed th¢t logges of head and the dlschar5e in the apertures of

‘Blide valves be found, a8 in. 1ocal reslaoance, on analogy with the rectangu ar gate&

The coefflclents‘b' resxstance in both‘lnstances are levelled when the -

{ in plpesa
relative (w1th respect to th maximum ‘passage area) magnltudea of the passage areas

BT s
SN LS

are equala
‘The. analoby w1th the atelia finTounded:  -the maximum‘paséage gection of a gate

I has an approxmmately aQuar ! pe,'while ‘the mazlmum passawe ssction of the aperture

of a slide Valvevhas a’ len"

! of of hesd in -slide valves, the “coefficients of re-

‘aistance pertaln to the‘veloc iy‘ln the aperturé, whlle ‘the numerlcal values of - thesd

coefflclenus are caien) ‘ eyperimente with gates’ for the ve1001ty which has
o -

been eatabllshed for’ the ga%é’ ‘Bt error in these calculatzons, "on analogy", is’

many times greater than thg.magni¥ude soughts

Figure 1. Daaermlnation,of digcharge through the apertures of controlling
slldﬂ valves. 8~ passave cectlop of the apertures, 5 = 00,015 cm,
3 ' e EATT

b= 2 75 em,pb - Qlecharge under equ&] pressures through the apertures,
ve O 32 ~§39 o passage section of aperture; d - axial displacement of |
edges, e - Qcm /sec = dlscharge through aperturo' g-p= 13 kg/cmz;
h - P 10 kg/cm s i-p=T kg/cmza j = axial dlsplaccnent of edges.
2. The dlscharge throu"h overlapped apertures is determined without allowance’
being made for “the veloclty head and *hls 1eads %o inacouraté Tesults when the i

overlap is small in leng’thF Instead of a correct calculation of the discharge beln"
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made in accoxdance with- the. 1aws of hydraullcsg emp1rlcal formulas are 1ntroduced

‘solely for tbe oonditiona approxlmatlng the condltlcna of the experimento

] “23; It 13 stated that in the open apertures of slldﬂ valvea, dapendlng on the
‘iopenlng {axmal &iapl&cem@nt of the- edges)ﬂ elther the Reynolds indices or the turbu— ::

lent flow ney. be the- "disrupted 1am1nar flow" : The crltlcal nagmitudes characteriz-
ing the tranqltion to. a turbulenu flow are an onenang of approxtmately 0.15 mm or a
Reynolds indax number of, 260c ‘

‘ The pressure losses w1th a dlsrupted lamlnar flow are. pronortzonate t6 the dis=

. charve toa degree greater than one and smaller than 2, and with a turbulent flow,,

they are proportionate approxlmately to the second degree of the dlschargel

Figure 12.° Coefflcient of" dzscharge of overlapped apertures. The numerals on
the . curves. correapond to the ratio of the langth of the aperture (along
the flow) to the side play. 1 - Coefficient of discharge; 2 - Reynolds

nambera )

14 must be remembered that in a. contractlng flow, such Aé is found at the en-
tranoe fo the open apertures of Bkids valvea, the losses due to *rlctlon are smallD
On uhO wholey statlc -pressure is. consumed not in losses due to friction, but is
_transfarmed lnt@ velocltJ head, whlch is aubsequently lost in "percussxon“ as, the ve
1oc1ty of the. flow falla to bhe veloclty of the oil in the return pipeso Hence.the
@resaure drop Jn “the., ertures of the sllde valves, independently of the Reynoldé ]
number (at 1east within oertain oll 71scosity llmlbs)g must be proportlonate o the’
dlscharve squared, thig Has been conflrmed through expervments (Flgure 9b)

S ) STATIC CHARACTERISLI@S

The deflections of .the. clearance 8888 wlth the dszersnt velocities and loads: o
~the performinc mechan:sm ‘b the moments of equ111brium of the active forces conati-
tute the static characterietlcs of a traakxng systemo . !

The clear&nce gage.. deflects the glide valve through leverage (Figure 2).

The deflection. of the clearance gage (x) and the slide valve (1 1) are connecb
ed by the function.

. o : kzol = ix, P
where 1 is the coefficient~of transmission from the -clearance gage to the slide
valveo T L R '
The def lection’ of ‘the sllde valve, an ]
with pvedeterm11ed velocity and load of ‘K _perfoiming mechanism, are found as fols -

lowse
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Ay Wirst of'ally a schematic drawing 1s ‘made of the slide valve in the dis~

qf the cgllnder, and “the dlrectlons of movement of theSTK&form-

INTELLIGENCE 7 E‘_iANSLATlDN

'"placed ppszt&pn
1anig - memboand H
The dlscharges througﬂ
plays 5 and dlfferent presaure dropq in the- aperturesg
mulaf‘f(B) and (4)+° :

2. The presaure 1n the cylinder oav1tles and the pressure drops in the apers R
(1) in the case of a differ-

kive forces gre 1ndlcatéd (Pigure 8) C B i
the apantures of. the glide valve, ‘with dlfferent end o .
are computed by use of for- e

tures of -“the" Bllde valve are. computed by use of formula
ential cylmnder, or by ies ‘ofToriula’ Qé) in the case of 2 simpie cylindery ‘in ac-
cordance with the asgigned load K, ‘cylinder area F, and the pressure in the system

4 o N . - - .
: Kl o . R

Figure 13 Stau;c characterlstlcs of & trucﬁlnm system s ?1th a s;mple cylinder
and four-edged .slide valve; -a - graph for finding the displacement of- the
glide ‘valve,. with predetermined velocity and motive force of. the perform=
ing member;: b - dlscharge through the apeftuges of -the slide -valve; curve
1 corresponds to o pressure drop of 16 kg/em” curve 2 == 143 curye 3 ==
125 curve 4 == 10, curve 5 =- 83 curve: 6 =~ 63 curve T--- 4 kg/em 3 ¢ =
a15uharge° d - (discharge in the cylinder); e - Top8 o displacement of

body of controllxng glide valve; g = %, iﬁsplaeement h = dlgcharge° i -]

gem /sec, J - end. play 6 s Cho
, 5. . Acurve Q A qqx is constructed on the basis of the graph (b:gvre 13b)
for the epevrture through which the oil is fed into the vy11ﬁaer (Figure 13&, curve A»

q is the discharge of the cyander, q - the leakage of oil througq the a3°r=.;

ture.adjacent to the feed ap&ruure, 01 the dcflectlon of the body of the con= .
tro]lln& slide valve mith ?espect to the sllde valvcu :

1he dlbcharve of the cy] nder is emtered on the graph (llne B):. ahd éhe leake
ages q (curve C) are found fron the granh (hlvure 13b) and plotted anove the dis-

charge line,
The maonltude of the éeflectlop of the body of | the conxrollln sljdm valve whicf

~-at the predetermlned veloclty, under

“insures dlSplacement of the per;ormlnw menue
_the action .of the predetevmined forccs ox re31stance” is determlned by ﬁhe p01nt of,

intersection M of the curve of dlscharne tnrouch the feed aperuure 3nd the curve of

the sum of the dlscharge of the c;llﬁder and the 1eakageso
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In. figure 14 are gmven the statlc character stlns of .a tracking syatnm in which

0,0015 om; overlap

1 the diameter of the sllde valve d 20l = 3 0 cm, side play b
in the central’ positlon of the. Blide valve: a = 0;.area of t‘le cylmder F1 = F2

1200 cn’; o0il viscosity ¥ = 0.4 on £ fases Load R, up to 1200 kg.

Figures 17a and 18a show the curves vy X 49 R = const for a system w1th a dife

, = 100 cm ) with double edged and single edged

ferential cyllnder (Fy = 200 on® 9
- %,0 cm at a pressure in the SJBtem of pval

sllde valves having &’ diameter of azol

=20 kg/nm s
In order to maintain ldentieal motive forces in the case of equal external
m with a differential oy1~'

meters of the cylmders, the pressure adoptea in the syste

1nder is twice as great as with &.simple cylinder,

Flgurc-i 140 Veloc:.ty of the performlng wember in relation 1o dlsplacement
of the slide wval¥e, with motige forces as follows:
surve 1 corresponds to O; éurve 2, to 400 kgj curve 3, to 80 kg; and
curve 4, to 1200 kz.
a ~ ¥y cm/sec; b= fxzolc

Figure 15.  Motive forge in relation to displacement of the slidd valve,

at .the followinrr velocitiea:
curve 1 correaponds t0 034" curve 2, to 0,08 cm/sec, curve 3, to 0s 166

om/sec, curve:- 4, t0.0,33 cm/sga: r‘urve 5, to 0.5 <.‘.m/se<:s and curve 6
t0066cm/sec,ax.P kg. i

In cons‘cructmg the static characte”istlcs, the pressure losses b p1g A pz in

the pipes feeding 0il into the cylmder and carrying oil from.it ere allowed for in
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¢ formla

the form‘of aﬁ a
A defléc

gage as small a8

method, the dev1

(Pigure 19)
ance Z&8eo

'lflng for whmch Te!

of the matual dls
when the @rTor

The copying erro

= PFq - PoFp

Rhydr
© is uaually i

,o: the clearanoe gage.
aeon an 'ffort 1s mad
poaeible in tracklng 8,

ations o _the;clearance
ibration 1nstrument

ystemao

placement:of the cal

does nob exceed one-third of

Y

pree in relation bo vel

g - Py kg3 D~ Vo cm/secn

r in exisking machine to

ch res&son the deflectlon of the

whl

ddltlonal 10ad Rhyﬁ A compuuﬂd oy uge: of ‘the

dentifie
e %o have hhe deflectl
However, in'o

gage are partlally c

ocitys

ols is not 1ess than Co

-
i

d wiih an‘éﬁrbr in‘cqpy—
ong of the clearance

achlnlnw by the . copyinv
ompansated for by means -

the’ ‘part being machlned .
£ the clear= :

and’
the dev1at10n [}

upon displacement of the

Figure 16, Motive' f
. glide valve as" follows:
curve 1 corresponds O 0,001 cmg curve 2, to 0. 0025 Gurve 3 £o 0.00%
curve 4, to Oe 004; curve 5, O 5.005; curve 6, 0 0.0065 and curve Ts
10 0)007 CHs

o1 mm, in plan-

clearance gag¢ at the max1mum

ighing passesy for.
yelocities and forses mist be less than 0,06 <= 0.08 me
' rable 1
‘ SREEINRETE &
Simple cylinder leferentlal pifferential cyid
pargmeters of comparison with four«edvud gylinder with tinder with single
o B glide valve two»edved edged sllde valve
(Fig. 1a) glige valve (Fige 3
‘ (Fig. 2
Relationshipe o 1.8 1.8 1.8
Poax . :
Yeximun deflection. of -clearence : SR ,
gage X w1th Pmax TYmax’ in. g 0,124 0,094 0,115
‘ Hexinum power of« track&ng systcms v —_ : 5
‘max” vmax’_l?‘kg ° cm/sec 800 800 .
167 - 103 385
. 1670 ‘@“ 2060 :
esxllunce) of'f_

mparatlve dat& (w1thout allowance for oil T
e sta

racking devmesp £ tic charagter-

eble 1 g

| aifferent éysteﬂ ound by constvuctlng th

' isticse : . . o
thé conditions_being equal; the tracking‘

"1t will be

13A basszmm*nom FO

_seen from Table 1 that
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systems with g differential cylinder and double-edged slide valve and the fone
tracking systems with a almple cyllnaer and four-edged slide valve have the least
deflection of the clearance gage.
| It must be p01nted out that comparison of tracking systems from the aspect of
deflection of the clearance gage is purely arbitrary, gince it is possible t0 change
the amount of deflection éf the clearrance gage within the limits of one system by
s¢lection of the area of the cylinder and the pressure. Compsrison indicates tha% ‘
in the case of the. system with a gifferential eylinder gnd gingle-edged slide valve,
‘the required power greatly exceeds the power reguired for the other two systems.
STABILITY OF THE TRACKING SYSTEM

Aperiodically stable, oscillatorily stable, and non-gtable trafking systems are
distinguished according to the hehavior of the systems when brought out of a com~
&ition of equilibrium (upon cessation of action of the disturbing forces). The
aperiodicelly steble systems return to a position of equilibrium, after completing
one or several oscillations; the oscillatorily stable systems, after completing an
infinite number of attenuating oscillations; the non-stable systems do not return
to a position of equilibrium.

We shall explain the conditions ef aperiodic stability of hydraulic tracking ]
systems by using PFigure 1,.in which the clearance gage and slide valve are made as
a-unit, this simplifying somewhat solution of the problem, .The movement of the
performing member of the tracking system may be represented in the form of the sum
of the transfer movement, together with the clearance gage 6, which is in contact
with the master form 2, and of the movement of the performing member 4 with respect
to the clearsnce gage 6 (Figure 1).

e shall designate the velocity of displacement of the performing member 4 by
v the velocity'of displgeememt of the clearance gage by vcop9 and the amount of
digplacement of the performing member in relative movement by x. The coordinate
axis x ig connected ﬁg the clearance gage. The displacement x is counted off from
the position occupied by the perfqrming member at the moment of equilibrium of. the
system at the assigned veiocity v and motive force P.

iThe bagic eqﬁgtion Qf movenment of the performing member is:

v’ L P Re aem® e L yﬁ Pe-Rz O, (5)

where m (kg - secz/cm) ig the mass of the performlng member ;
P (kg) is ‘the motive forcey
R (kg) is the. load -~ Rz R, o

R (kg) is the cuttlng load;

Rfr,(kg) is .the force o6f friction;
x’“ is the acceleration in relative movements
V;Dp is the acceleration in transfer movements

v'is the acceleration of ihé‘berforming member.

We shall designate by POy RO the numerical values of the motive force and load
of the performing member at the moment of equilibrium of the system (when x°’= 0;
v’ = 0)0 )

From equation (5) and the condition of equilibrium of the forces acting on the
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performing nember, we have :
. . i e ._;__ ;- ‘ﬁ; L sr R . , §
_ mx Vg 0p o (P PO) 4 (R 0) 0 (6)
In the oscillation process around the position of equilibriun
’ dR ap )
e B, (7)

' RT3 8 Av: R == R. = ==
P--Py= & S5 Bvi Re-By= 557 g

where Av is the velocity
velocity»af‘the initial moment in time. .

increment of the performing member with respect to the

It is obvious that Av = Avcop 4 %y I i

where x° is the velocity in relative movement,

bv is the copying velooity increment, which is related to the profile of ’

P . _
the master form, the shape of‘the clearance gage, and the driving médion ve- AL
locity.

Considering the procésé‘iﬁ’the copying of smooth curves Lo be a brief interval -

of timel it may e sssumed that

0 v %
Avcop 03 Yeop 0 .

We shall introduce the dimensionless coordinate O . B

R
max

tracking system with a differential
20&232‘2 F1 = 200cm 3 "
2 e cm
= 100cm H dZOl = 300 cms . B
lation to displacement of the :

Figure 17. Static characteristics of a
cylinder and double-edged slide valve, with Pygl =
. (=2

s"‘ F?
’ a - velocity of performing member in re .
slide valve with these motive forcess curve 1 corresponds to 0; curve e
2, to 400; curve 3, to 800; and curve 4, to 1200 kg; b - motive force .

in relation to-displacement of the slide valve at these velocities:
gurve 1 corresponds to O curve 2, to 0.008; curve 3, to 0.1663 curve 4,
to 0.33; curve 5, to 0.5; and curve 6, to 0.66 cn/sec; ¢ - motive force
in relation to the velocity, with displadement of the slide valve as-

follows: curve 1 corresponds to 0,001 em; curve 2, %o 0.0025 curve 3, to

0.003; curve 4, to 0.004; curve 5, to 0,005; and curve 6, to 0,006 cmo
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g =P, inkgie -V in cm/se,c; £o-x, 358 F inkgy b= =X 05 1 -
v, in cm/sec. STAT
oy is the deflection of the performing member in relation to the clearance gage

_(Eigure 1%) at; the m}axvi’mu_m‘velocity v;nax a‘nd"moti?a force Pmax

3 a oc 0.4
s x 3 ¥° = X
e O Xpax? = ¢

From equations (6), (7)y (8)s we have:
0o ap ARy v dp dR
-emG ' '(&\? - 3;.) ¢ > (a;c - a;g) ¢ - 0 (9)
The derivative agg—;- is”’»'f"oxizid from the static characteristics of the tracking
Cooitzol - '
systen (Figures. 1543 17bs 18b) or ig computed analyticelly.

o
max

Figure 18, Static chargeteristics of a tracking gystem with a differential
cylinder and single~edged sl_lde valve: By 20 !552; F1 . 200cm2; F?f':
2 cm
100cm™ 3 dzol = 3.0cm:

a - velocity of performiﬁg-member in relation to displacement of the
alide valve with motive forces as follows: curve 1 corresponds to 03
curve 2, to 4003 curve 3, $o 800; curve 4, to 12005 curve 5, to minus
400; curve 6, to minus 8C0; and curve 7, to minus 1200 kg; ‘

b - motive force in relation to displacéhent of the slide valve at-these
velocitiess curve 1 corresponds to O3 curve 2, 1o 0.2; curve 3, t0 0.4;
curve 4, to 0.6; curve 5, to mimus 0.2; curve 6, to minus 0.4; and curve
7, to minus 0.8 cm/sec;
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¢ - motive force in relation to the velocities with displacement of the

glide valve as follows: curve 1 corresponds to minus 0.0023 curve 2, to

minus 0.0043 curve 3, to minus 0,0063 curve 4, to plus O. 002; curve 5, to

plus 0.004; curve. 6, to plus 0.0067 and curve .7, to plus 0.008cm.

d - vy in en/sec; e - =X, diaplacement of edges of slide valve with the

perform1ng nembsr not loaded (at rest); £ - x, incmj g~ F, in kgy b -
1’ i- x, 1, 1n em;-j - P, in kb, k-v, in bm/seco

In a tracking system with a slmplu cyllnder (Figure Bb)y we shall consider an
instance ‘in which the slide valve 15 displaced to the extent that its edges overlap

apertures 2 and 4. . '
The dlscharges qs Q 74 4 through apertures 3 and. 4 of the slide valve are

found by use of formulas: (1) (2), (3), and (4 -

W’ 2 P
n|f " YPpap = 111 4 "’Y 0. 5(P\‘fal + f‘);

2g : .
Q '/= Q. z Ilvf3 V T V0.5 (Pval == 151‘)@

Figure 19, Copying error in the case of a spherical support of the clearance
gage lever: .
1 - calibration instrument; 2 - article; a - displacement of calibration w
instrument with respect to the article, with the cutting tool and clear-
ance gage on a comuon perpendicular to the longitudinal axisj b - drror.

Ignoring the -leakages in the cylindur, we haves N

G By FoLomf, Y V0-5(p 1 & 7 )
< 9, VE Vo ~ 5 ~ ~ (0)

an,
4
w . Vot - E) u:?ﬁf f;:.__,f'fiffpzaz.:/: ¥
dx = "1 1%f4 E o --ﬁf3 """""" ’

: ?
I N O ,
Ignoring nhe relatlvely small mavnltudes, after algebraic conversions we obta_ -
R~ _E
wdx w0’

where
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x . -8 "]
.
“mol

,the minus ﬁlﬂn allows for the opposite directions of the increments dP and dx;

.Y%l, characterizes the 1oad of the system;

R
-

B = %= characterlzes the leakages in the slide valveo.
©
With an overlap of az 0, Q = fofza"Tj(T ﬂf‘“ 5758y ¢

ctor B is_found from the equation

ag et 1 . ('H)

e o o a0 e e 2 D8 0 e V0 e

The leskage fa

Q@ -

AN |

Bty Ya o 0
*f and @ ‘computed for dlsplavement of

Figure 20 (a end b) gives. the values of §

the slide valve frOm 0 004 to 0.010 cm, when the overlup = 0, 011 viscosity v =

e 0,2 om /seo, and pressure p; = 105 155 20 &g/cm .
The change in the load R 1n the case of osc;llatlons of the performing member
= 0.

may be ignored, assuming that
&x -
We shall introduce into equation (9) the coefficients of self-regulation 8,

and 0,
2 .
0 Vnax ap ° Vmax dR
T = 375 z ow= ogeme 2o o
! Ppax dY 2 Brax a

static characteristics (Figures 163

The derivative>%§imay be found from the

17a; 18e)s .
- 0o (12)

The solution to equation (12) has this foras

. Yea 3
qg < c,iek'42 o e eﬁztv

where k, k, are found by use of equation (13);

% (sec) is the time from the beginning of the- process;

are the integration’ constants in accordance with the initial conditionsj

¢qs €5
Pméx.'.('e1 + 62) , ‘\!}max(% + e2) P rax '
R 4 NG L R .03
1,2 2mv mv gx__ o
v max. n max
Aperiodic stgbility is.provided for by the inequality
2
v
.,‘B‘P.‘." .
_____ -8 57y (14)
s e |
v - 2
o35 4 e 981 7 02)
wmmm & TTTIITT [T °.
'pvalF
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Figure 20, The coefficients B, ®, ©. of a tracking systen with a ginple

cylinder and four-edged slide valve having an overlap of a 0 and
side play of 8&_ = 0,0015 cm, with an oil viscogity ofv ¢ 0O 23@2/%5
and pressures 1% the hydraulic system of 10, 15, and 20 kg/cm in rela-
tion 46" the displacement of the slide valve:
. ' P F
Curves 1 correspond to a motive force of P = e-,??%a; curves 1, to

F 'y
al: val
a--3 ocurves 3, to'P = =-3=-3 and curves 4, to P =

3
£op ) = t5kgfon’s g - By =
) val = 7 ? val -

10 kg/czhzg, k - Poa1 = 151{g/cm2; 1=

“val

2
= 10kg/en’s o - Pyad & . ..
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We shall explain anelytically the value of the coef_ficients (%] 49 920 STAT
Differentlating expression (10) by v, we obtain the equation which determines
the derivative % in relation to. the load P, velocity v, and the parameters of the

systém:

2 2
ap ( ) == P ) - 1

' P
R ek e F arzﬁ“-f RS
When finding the stability at each point, it may be assumed that Pmax = P and

that v s v. Hence we have

max

. == 1)
- ’Cﬁ'ﬂ':/' T

lmhe valuea of - © 3 ére'given in Figure 20e.

dR dRcut

iv = T7EY
(15)

where Rf 7 iz the forge of friction and the cited coefficient of friction with
1oad and velocity of displacement of the pcrformlno member ;- the minus sign nmakes al-

lowance for the opposite direction of the force Rfr ‘and velocity v.

Figure 21.. Relationship of the coefficient of friction in guides %o velocitys
a - v,.in cn/sec.

The coefflclenu of ;rlctlon T depends on the speclflc pressure on tie bearing
gliding surface, grade of. the Jubricating.oil and its temperature the design and di-
mensions of the glands, and; dn particuler, on the accuracy of adJustment 0% the
guides and setting of “the cyllndera

FPigure 21 glves the coefficients of friction in relation to the velocity T
measured with a specific.load on the guides of the order of 0.8 =m 1. 18k0/cm and
copious lubrication. The nunerical values of the coeificient 92 are computed oa
the basis of Figure 21, the pressure losses in the pipelines being ignored (Table 2).

The pressure losses in the pipelines of the system must be allowed for in nume-
rical computations of the devivative aR in addition %o the value of ,_ by use of

dv
formla (15)- -
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Numérical values of the coefficient 0, =

i v, in cm?sec
B[ 0.1 0.2 0.3 0.4 | 0.6 '} 0.8 1,0 1,8

0151 =-0,033 «=00615| =~~0.07 [~=0.08 ==0678
0.2 | -=0.044 ==0.082 | ~=0.1 «=0,108" |~~0,104
0.3 | =-0.066 200123 | %«0147 [=-0,162 |--0.156
0.4 | ~=0.088 «w0,164 | «=0,196 |==0.216 |-=0.208"
0.5 | -=0.11 +=0,205 | ~-0.245 {~-0.27 ~=0,26

After subs »eéuétion (14) of the values of the coefficients ®,..9 ;
32, gnd @ im re 2 placement x of the ﬁlearaﬁce gage, the max1mum rati

the kinetic ene

hie performing nember mé- to the motive force Vo

which the aver1od1c stability of the systenm 182prov1ded for, is found.

v
e T M- -
In calculationvof the'admissible ratio 7gwu— ,'it is necessary to allow for

the coefficient i of transm1331on from the clearance gage to the slide valve, since
the coefficients 9@ and © are determined in relation to the displacement of the slide

valve Z,010 and displacement of the clearance gage x enters into formula {14).
) 2
of 2
Figure 22 gives the magimum ratios ==wwz = «--== in relation to displacement x
Pval? = pvalF

. R,
of the clearance gags wher 1 - 1, Pyay = EOkg/cmz and when the ratio -%E = 0.5 -

without gllowance for the pressure losses in the pipelines of the systiem (G is
the weight of the performing nember).

With respeut to stability, . the system with a simple cyllnder and fours e&ged
slide valve is equivalent to the system mlth a differential cylinder and doublem
edged glide valve, since when the deﬁree of the 1oad {ratio of the maximum wotive
force of the system to the load) is identical, the values of the coefficients @ and
D are equal fespectively for both'sjsteméa L
The system with the differential cylinder and sing%e-edged glide valve is the

least stable (permitting a relatively smaller ratio LA other conditions being

“val
equal), since the coefficients @ and 91 are smaller in magnitude in relation to the

dther systems, due to the greater value of the legkage factor P .
Let us consider the influence of elasticity of the oil. " The nininum 1act3r of

g2

rigidity ’I‘7 in kg/cm of a system with a simple cyllndar is T I 4w~_a The minimum

factor of rigidity T2 in kb/cm of a system with a dlffcrentlal cylinder is

EWQ
12 = -uw-,w )
where £ is the modulus of elasticity of the oil; ¥ = 17,000 kg/cm 5
L] (cm5) is the volume of the oil in the cylinder and in the feed pipes.

hen a load is momentarily thrown off or applidd, attenuatidg free oscillations

of the performing member begin which add up to the main movement of the latter.

Other conditions being equal, the maximum range of free oscillations in a systen
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with a simple cylinder is smaller (up %o 4 times) than in a gystém with a SIATer-

ential cylinder.

Figure 22. finimm displacement of the clearance gage inguring aperiodic sta=
bility of @ system with double~edged and four-edged slide valves, with
11 andp =20 kg/cm?s

The analysis made makes it possible Lo draw the following conclusions:

T The pinimum deflection of ﬁhe clearance gage suitable for the load and ve-
locity of the perfo:ming mémber gelected must be fixed in accordance with fqngfiqp:
(18), Decrease in the deflection of the clearance gage against what has been stated
must result in increase in the erior in copying in consequence of transition of the
tracking system from the gphere of aperiodic stability to the sphere of oscillating
gtabilitys. '

2, With short cylinders, when the elasticity of the oil may be ignored, the
systen with the gimple cylinder and four-edged slide valve and the gysten with a
differential cylinder and double-edged slide valve are equivalent. When it is neces-
gary to allow for the elasticity of the oil {with long cylinders), preference must
Ibe given to the system with a simple éylinder.

%, The simplest system; with the differential cy}indér and single-edged slide
valve may be employed when: )

a) incfeased deflection of the clearance gage is permitted due to the
lesser stability of the system in comparison to the other systems;

b) excessive power logs, in comparison to the other systems, is peruitied.
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”THE CHARACTERISTICS OF THE TWO-COORDINATE TRACKING DRIVES
07 THE XPS-3 GOPYING MACHINES
Parts of 1afge dimsnsions and complex form are employed at the present time in i ;
: ‘mechanjcal engineering. Such parts increase the durability of articles, improve
their aerodynamic and acoustic qualities, reduce weight, and save metal.
The main obstacle in the path of extensive employment of large-dimension parts
ig their “non-technologizalness", i.e.,
E needed for their production. These parts are usually made by hand or by marking or

For this reasong the machine tool engineers were assigned the

the excessively great expenditure of labor 4 S

by naster forms.
g new equipment which by mechanization and automation of the machin-

complex form from the non-technolo=

task of creatin
ing procese would raise 1argewd1menslon parts of
gical to the technological category.

The tasks assigned made necessary the develeopuent of new
In particuler, the golution of these problems wes undertaken at

tracking devices for

copying machines.
the NIAT, where new tracking devices for copying willing machines were developed

and tested.

THE REQUIREMENTS SET FOR THE TRACKING DRIVES

OF MACHINES

ps we know, for ideal functioning of the tracking feed drive of metal-cutting
equipment, it is necessary that:
(a) the feed velocity be constant;
(b) the feed velocity vector be directed strictly at a tengent to the profile e
of the master form at the point to be copieds
{c) the relative positions in space of the pick-up member (copying finger) and \
perforning member (cutting tool) be fixed;

(@) the requ1rementa of the process (?) be observed; they must be iddependent
of tbe profile of the article and not require the interference.of the opeﬁator in
the copying process when the tracking drive is in stable operation.

The tracking drives of existing copying machines for outlining a closed profile v
use as & control 517na1 the loss of linear adjustment between the positions of, the
pick-up and perferming members and diverge greatly from the conditions listed, which
are necessary for. the ideal functnonlng of a drive, For ewample, in the Model 64414 1§ .
semiautomatic electric copying and milling machine, every 90 during the outlining .
of a profile the operator must manually shift the master and tracking feed speeds.
The maximum feeding gpeed in copying is 300 mm/min, and the machining accuracy 1is
/»005111!%

n the Cinginatti firm's Model 28" hydraulic copying machine, the quality of
reaction of the system changes in relation to the lecation of the prpfile with re-
gpect to the direction of the feeds; in the reversing zoneg of the feed drives (lon=-
gitudinal and traverse), the system is only slightly sensitive and produces a large
copying error. In addition, copying accuracy depends on the irregularity of the

load on the hydraulic cylinders and the accuracy of production of the distributing

slide valves. This is a defect also inherent in the 18-70 machines. a0
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The tracki&g drives must usually have minimup clearances in the KinemasTaT
ichains s0 that a high accuracy §ill be achievede In electric drives with a screw®
pair this is achieved by high quality of their productioh; and - in hydraulic drives,
by the use of hyﬁraulic cylinders of limited length. The difficulty of meeting these
reéuirements in g machine with feed ‘drives the movement along which amounts to sev-
'erél meters and the imperfection noted of the existing two-coordinate tracking
drives have made it necessary to0-develop a new drive which -would make it possible to
obtain a high copying accuracy on the machine, on the condition of:

(a) long kinematic chains of the feed drives with large errofs, ¢learances, and
inertia masses;

(b) maintenance of & constant level of the feeding speed;

(¢) constant copying acghracyg independently of the configuration and location
of the profile on the machine;

(d) complete automation of the gorking cycles

(e) high feeding speed.

PRINCIPLE OF CONSTRUCTION OF THE K¥S-3 TWO-COORDINATE
SLEGTRIC-AYDRAULIC TRACKING DRIVE

A combination of two drives formg the hasis of the two-coordinate electric-
hydraulic tracking drive which-hes been developed: & coarse trangport drive, which
assigns the pick-up end performing members of the mechine a feeding speed of a com-
stant level, the direction of which is near the tangential on the gection being cop-
jed as the profile is being outlined; and an accurate adjusting tracking drive which
corrects the direction of the feeding speed mentioned antil it coincides exactly
with the tangential«

Figure 1 gives an overall view of the XK¥S-3 copying milling nachine and Figure
2 a structural diagram of ite

The machine has been given a portal form so that articles of large dimensiong
may be machined on it. The pedplates (2) with the master form 3 and blank 4 secured
on them are fixzed, while the portal device, sonsisting of two pairs of cross carr-
iages 95 6, T, 8, move along the bedplates. The cross cavriages communicate auto=
matic movement (resﬁectively) along the profile of the master form and blank, o
the copying ingtrument 17 and the nilling head 15, which are secured on the upper
carriage.

The lower pair of carriages 5 and 6 is seb in movement by electric moftors 9 and
10, and the upper. pair 7 and 8; by hydraulic eylinders 13 and 14

Control of the movement of all the carriages in the copyiny process is accom-
plished automatically from the three command units of the copyingy ingtrument. The
mein finger of the copying instrument (Figure 3), the diameter of which corresponds
‘F4o0 the diameter of the cutter, during the copying process mOVes auaomafically along
the profile of the master form and is constantly in contact with it oscillating on
the tapered centers about its neutral position within a range of huncredths of a
nillimeter. . .

The cutter above the bedplaté of the articleaﬂiepeats the movement of the axis
of the ccpying instrument and reproduces either a éopy of the master form or the
article equidistant to the master form, depending on the ratio of the diam:ters of

ACS! FORM 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATIOM

8 FEB. 56 (CONTINUATION SHEED

Declassified i - Saniti Yr 2 T
fied in Part - Sanitized Copy Approved for Relase @ S0 20130027 Gl RDP81-01043R002400070001-3 §
: y 01-3




2013/09/27 : CIA-RDP81-01043R002400070001-3 ‘

TTELTIGENCE TRANGLA 0N BECE RONBER

193

I,

the main flnver of the copying instrument and the cutter. The copying instrament
has a turning rotor, the turning angle of the rotor setting, by means of the supple-
mentary finger.and the electrlu motor of the copying ingtrument, the angle of in-

clination of the tangent to the profile of the paster form at the point of contact

of the main finger.

Figure 1. Overall view of the KFS-3 machineo

The automatic movement of the copying instrument along the profile takes place
as follows. AR electric position regulator {sine poteﬂtlometer) 18 located in the
copying instrument controls electric motors 9 and 10 of the lower longitudinal and
cross carriages by means of a two-channel electronic amplifier 24 ¢nd a power con-
trol unit. The latter consigts of two electromechanical amplifiers 23 and 24, eX- -
citer 25, and electric arive motor 26 with a velocity return coupling after machin-
ing, which is accompllshed by two tachogenerators 27 and 28, Along this control
channel, the heavy lower carriages; which move over iong distances, are assigned
the velocities Vv and v (blgure 4) in accordance with the laws of the cos and
ain of the angle of anllnatlon of the tangent to the profile of the master form
at the point of contact of the main finger, the resulting velocity of which, Y0e?
in the ouuxlnLng sf the profile is constant in magnitude and in direction is near
the ?mﬂﬁ@ﬂh!&l

Creation of a resultlng feed velocity v, directed strictly st a tangent (which
ig necessary for &cgurqee tracking of the profile of the master form) is insured by
the eutomatic action: of the electro-hydraulic adjustment tracking drive. The per-
forming hydraulic cylinders of tblq drive are a ,uaomatlcally agsigned such velocitiesy

L. and vygg that their resultlng velocityy VO , being added geometrically to- the
1=]

velocity v gives the veloc1ty 4 at sny point of the profile of the master form.

; 81

Cont;gi of the electrOnhydradllc adjustment drive is sccomplishsd along two ;
channels from the copying instrument: slong the control channel, by the magnitude !
and sign of the Tesulting velocity from the hydraulic cylinders, and =slong the velo-
city distribution.cﬁanngl between the two hydraulic cylinders.

Gontrol of the command glide valve of the hydraulic systenm 39 is exercised
along the first channel, from the main finger of fhe copvihg ingtrunent, by means

of an inductive emitter 20, an electronic ampllfler %7, ond a transnitter of com-
mands to the hydraulic gystem 38 to which is communicatod the displacement from the

neutral position corresponding to the geflection of the main Finger of the copying

ingtrument from the neutral. The feeding of o0il into the performing hydraulic cyl-
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Figure 2. Structural diagram of the tracking drive of the KFS<% machine;

4 = bed; 2 ~ bedplates; 3 - master forms; 4 - blanks 5, 6, 7, and ¢ =
crosg carriages; 9 and 10 - electric feed motors; 11 cross feed screws
12 = longltudlnal feed screw; 1% and 14 - hydraulic cylinders; 15 -
milling head; 16 - milling cutters 17 - copying instrument; 18 - electric ¢
position regulators 19 - selsyn trensmitter; 20 - inductive transmitior;
21 - main copying finger; 22 - electronic amplifier; 23 and 24 - electro- !

mechanical amplifiers; 25 - exciter; 26 - electric motor; 27 and 28 -
tachogenerators; 29 -~ selsyn recedver; 34 - cam of hydraulic position
regulator; 35 and %6 - distributing slide valves of the hydraulic posit-
ion regulator; 37 - electronic amplifier; 38 - emitter of. commands’ to
the hydrsulic system; 39 - command slide valve of the hydraulic system;
40 - electric motor of the copying instrument; 41 - path return coupling;
42 - velocity return coupling; 43 - hydraulic pump.

inders of the upper pair of carriagges changes in amount and direction inm relation to
the amount and direction of digplacement of the command slide valve 39. This deter-
mines the magnitude and d;rectlon (w1th1n the profile or outside along the perpendi=

cular to the profile) of the resulting velocity Vo
(=]

Figure 3. Situation of fingers of copying instrument and willing cutter of the
KFS-3 machine with respect to the master form and article:

1 - direction of feed; 2 ~ master forﬁ;ﬁﬁv- tangent at point 0; 4 -
main copying finger; 5 - auxiliary finger; 6 - rigid conmnection; 7 - =
blank; 8 - allowance; 9 - milling cutters
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Figure 4. Diagram of the velocities of the transport and adjustment feeds:
1 - tangent at point 0; 2 - Vie (vadjz); 3~ Vo, (v adJ), 4 -

6=y (vfeed1)°

(Vo030 3 = Voe. (Vzeeq)

Along the second channel. control is exercised by the hydraulic position regu-
lator 3% from an auxiliary finger of the copying instrument by ueans of & selsyn~
synchronous trackimg system composed of a selsyn-transmitter 19; o selsyn rece
29, an electronic amplifier 20, en electromechanical avplifier 31, wnd an elactfi&fﬁ* -
drive motor 32. The turnlng\angle of the cam 34 of the hydraulic position regulator ‘ -
is coordinated with the turning angle of the rotor of the copying instruzent. 4s a
result of this, the two distributing slide valves %5 and 36 of the hydraulic posift-
jon regulator are communicated the deflections from the neutral position, which are
proportionate to the sin and cos of the angle of inclination of the tamgent to the
profile of the master form in the section being copiedo In approximately the some T
panner is the flow .of oil coming from the command slide valve distributed among the
hydraulic cylinders of the upper longitudinal and cross carriages, the velocities
vxg and vyg being thus created. On the whole, the direction of the resulting velo-
city VO of the upper pair of carriages in automatic movement along the rrofile
coincides approxtmately with the direction of the perpendicular to the profile of
the magter form on the section belnv copledo ' ' .

Since the closed profile sections on which the direction of feed Yoe from the
electromotors deviates from the direction of the tangent, within the profile or ‘o=
wards the exterior, d¢iffer in lengtﬁ; the magnitude of the deviations themselves

also vary; in the process of automatic copying, comstant diaplacement of the upper 7" )

pair of carriages from the fixed neutral position may take place. In subsequent
outlinings. of the nroflle, accumulation of these displacements is possible, in con- e
sequence of which the’ pistons of the hydraulic cylinders mey come to a gtop and the .
adjusting actlon cease. A system of automatic levelllng of the travel of the upper
pair of carriages consiing of two potentiometers (of the upper cross and longltuaiw

nal carriages) fed by direct current from an exciter .25 (Figure 2) is employed to

prevent this from occurringe
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The moving slides of the potentiometers are secured on the upper cross and

INTELLIGENCE TRANSLATION

upper longitudinal carriages, while the potentiometers themselves are secured on the

S upper longitudinal and lower cross carriages, with respect to which the carriages

bearing the slides are displaced»from the hydréulic cylinders.

v The neutral positions of the potentiometers correspond to the meutiral positions T
of the upper carriages. The amount of voltage taken from each potentiometer is pro=-
portionate'to the amount of displacement of their slides from the neutral position, ;
and the sign depends on the direction of this displacement.

When the carriages are displaced from the neutral position (as a result of the
action of the velocities vxg and v yb from the hydraulic cylinders), supplementary .
voltages are s&nt;tbrough the electromechanical amplifiers 24 and 23 to the electro- .
motors of the lower carriages. The velocities L and vye change-in consequence of
this in such a way that their resultant velocity approaches the direction of the
tangent (in fthe diagram in Figure 4, v, o decreases, Ve increases), and the magni-
og strives toward zero.

It follows from the principle of operation of the machine given above that the

tude of the veloeity v

tracking drive proper is a very simple single-circuit tracking system with return
completion coupling (Figure 5). This system consists of a comtrolling throttle re-
versible slide valve 1 which contrels the hydraulic system, two distribution slide
valves 2 which regulate the position Qf the hydraulic system, and two hydraulic
power cylindefs 3 gituated at an angle of 900 to each other.

The constructional execution of the units henticned may be seen from the hy-
draulic diagram showing the operation of the gdjustment syétem, which is given in

Figure 6.

The command'slide valve has as the main operating unit a reversible throttle
glide valve of the circulating type with oil circulating constantly through all four
operating apertures, with a 90° angle of inclination of the edges. The glide valve
is rigidly connected to the rod of the hydraulic system command transmitter, whick \
reproduces the deflections of the main finger of the copying instrument and is in a
gtate of constant,osclllatlon of small amplitude with a frequeney of 50 cycles. per
gecond. Thanks to this, the influence of dry friction is eliminated and stability of

spouting of oil through the operating apertures of the slide valves is achieved. /o

The position regulator of the hydraulic system has as the main operating ele-
menta two reversihie throttle slide valves with an angle of inclination of the worke N
ing edges of 6%, Control of the movements of the slide valves is exercised frém
eccentrically mounted ball béarings with adjustable accentricity. The bearing shaft N
turns in gtrict conformity with the turning omgle of the rotor of the copyihg in-
strument by means of a selsyn synchronous tracking system. Thanks to such.a design,
accurate and smooth distribution is achieved of the flow of oil between the two
hydraulic cylinders in proportion to the sin and cos cf the angle of the tangent to i i
the profile of the master form at the point of contact between it and the main fing-
er of the copying instrument, and the possibllltj is created of adjusting the amount
of flow {by changing the eccentr1c1ty\ g
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Figure 5. Structural diagram of the tracking (adjustment) drive the the XPS-3
machines 1 - command slide valves 2 - hydraulic gystem position regula~
tor (sine distributor); 3 - hydraulic power cylinders; 4 - Xy % - mas-

ter form; 6 = % o
en

SOME DATA GAINED FROM ﬁXPEHIENCE IN OPERATION
OF THE KFS=3 P%0-COORDINATE ELECTRIC-HYDRAULIC
_ TRACKING DRIVE

The two-coordinate comhined electric-hydraulic tracking drive under discussion
was tested on an experimantal model, and on the basis of the latter, the KFS-3 copy-~
ing milling machine, which has given 2 good performance in operation, was developed,
completed, aﬁd introduced into production.

. On the KFs-3 copying milling machine, the machining ie performed of the profiles
of steel forms in. one sheet or in piles, of a thickness of up to 12mm, a length of
up to 3800mm, with an accuracy of jé031 mm from the profile of the master form, with |
o cleanness of the maghined surface conforming to the fiffh and seventh classes of
GOST-2789~51, depending on the condition of the cutting tool and the pilling rates
The feeding may be regulated from the control desk during the machining process,
within a range from 20 to 400 mm/minc The machine makes it pogsible to machine
sgutonatically profiles with any external radius, external acute angles of more than |
; ASO, internal radiusges of more than 15mm, and internal angles of more %han'1350 |
without curvature at the vertex. ’

The operafor gecures and removes the article.and sets the copying instrument
and cutting tool for automatic operation. The entire process of outlining of &
closed contour is perfoimedvautomatically, witheut participation of the operétor,’
at a constant feeding speed when’ény desired,ﬁfofile.is being outlined. 0On steep

sections of the latter (with a radius of less than 30mm), it is recommended that
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Figure 6. Hydraulic diagram of the principle of the adjustment system of the
KFS-3 machine: 1 - command slide valve; 2 - slide valve of position re- |
gulator; 3 - upper longitudinal carriage; 4 - position regulator; 5 =
yranemitter of commands to hydraulic system; 6 - upper cross carriage. .

the feeding speed be reduced to 60 to 80 mm/mln for the purpose of retaining the
high copying accuracys The machining accuracy, i.e.s the deviation of the dwmenslon%
of the article from the dimensions of the master form, is made up of the accuracy
of the mechanical system of the machine and the accuracy of the tracking system.

The accuracy of the mechanical system of the machine, which is determined
chiefly by the play in the guides of the cross carriages snd the linearity of the
guides, reaches jLO 03mm for the play in the guides and O. 05mm for the linearity
along the 6000mm. length of the guides. (

The accuracy. of the tracking system of the machine is determined by the accuracy »
ereated by the adjustment system only imsofar as hydraulic power cylinders are the
performing membérs of the tracking drive of the machine. Consequently, the play in f
the long kinematic chains of the feed drives from the electric ﬁotors, which reach- L —
ed 1mm in the screw-nut articiiation (in tests); the considerable inertia of the
electric feed drive motors, each having a power of 2. 75 kilowatts; and the dead
angle of the motors upon reversal, which reaches as high as 10 (computed by the
turn of the rotor of the copying instrument) do not markcqu affect the copying ac-
curacy. }

4s has already been noted above, the adjustment gystem is a constant control
tracking system, the controlling signal of which is proportionate only to the magni-’
tude of the loss of adjustment between the 9051tlonu of the pickup and performing
members. The copying action is per?ormed as a result of deflection of the command

slide valve from the neutral position (Figures 5 and 6)s The changes in the press-

ACSI FORIA 13A  DISSEMIMATION FORM FOR INTELLIGENCE TPANSLATIQN

8 FEB. 56 (CONTINUATION SHEET)

e e pIETA BN A 11T

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA-RDP81-01043R002400070001-3



Declassified in Part - Sanitized Copy Approved for Iease a

INTELLIGENCE TRANSLATION

ure and flow of the fluid necessary for displacement (responag} of the hydrSTATic

cylinders take place as a résult of this deflection in the command glide valve --
pydraulic cylinders hydraulic chain.: ' ' _
The accuracy of the hydraulic part of the adjustment system ig made up basical-

1y of three compoaents: the zone of ingensitivity, which depends on the coefficient | K=

of dry friction in the systém; the zone of inaccuracy determined by the velocity of

displacement of the hydraulicvcylinder; and the zone
of the load on the hydraulic cylinders. In the KFS-3 machine a ratio of 131 between
and the command slide valve hes been adopted, i.e., the

ying finger from the neutral position, measured at the

of inaccuracy of the function

the copying (main) finger

linesr deflections of the cop

point of contact with, the master form, and those of the command slide valve along

its longitudinal axis are practically equal.
of the discharge of mineral 0il through the operating

apertures of the throttle valves have demonstrated the possibility of achieving a

Special studies nade

high copying accuracy with the system in question.

In the command slide valve, the opening (width) of the operating apertures in | E

the neutral position amounts to 0,015mm, and in the slide valves of the position re-

gulator, gpproximately zero- The dischaerge ~- function of deviation of the slide

tral position characteristics for all the apertures of
ydraulic testing method that the dfffer-

valve from the neu he slide -

valve are evened out in such a way by the h

ence in the widthk of all the apertures in the neutral position does not exceed 5

microns. Diagrams showing the conduet of the hydraulic tests and. the characterist-

jcs of the command slide valve and those of the position regulator are given in
/

Figures T and 8.
Figure 9 shows the characteristics of the command sli
vity of the system in relation to the

de valve from which it is -

possible to determine the zone of ingensiti
amount of dry friction. Dry friction in the drive system of the uppér pair of care

riages of the KF3-3 machine corresponds to a pressure drop in the power cylinders

on the scale of 8 to 10 kg/cm2 (diameter of the cylinders, 120mm); the zone of in-
sensitivity must consequently lie within the limits of j& 0.007 mu (Figure 9)ﬂ In
condition .of foréed oscillations having an amplitude of 0.12 to 0.15 nm

eatly moderates the characteristic of the slide

fact, a
applied to the command‘slide valve gv
valve, and the zone of'ihSSnsitivity amounts 1o :é 0,02 mm.

The deviation of the direction of the resulting feed velocity v, (Figure 4)
the electric motors amounts to jé 15° from the
This is the result of

of the lower pair of carriages from
tangential in the process of outlining of a mlosed profile.

the error cf the characteristics of the flat potentiometer'of the copying instrument

al amplifiers, and of the various loads on the .

the electronic amd_electromechanic
e drive of the lower longitudi-

electric motors {the weight of the moving units of th
nal carriage is 8.5 tons, that of the lower cross carriage, 5 tons). Hence when

the feeding speed is 400 mm/min, the tracking speed can reach only 104 mm/mina It K

is actually much lower.than this, as a resul?t oft the system of automatic levelling

of the travel of the upper pair of carriages, and increages only on the sharp sece

the zone'of_ihaccuracy -- function of speed of displacement'

tions, For this reason,
s t0 0,01 to 0,02 mm. o

of the hydraulic cylinders usually amount
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Pigure 7, Relation of discharge Q of oil through the operating apertures of

STAT

the command slide valve to the deviation of the latter Ah from the

neutral position: a - test curve; b - test diagram: 1 - robary oscilla-

tion drives; 2 - micron indicator; 3 - command slide valve; 4 - discharge
of 0il Qy g/min; 5 « neck III; 6 - neck I3 7 -~ neck II; 8 - neck IVj
9 --deviation of slidé valve from neutral position Ah, in microns; 10 =

P ¢
p

Figure 8. Relation of discharge of oil Q through the operating apertures of

the slide valves of the position regulator to their displacement An

from the neutral position: a - test .clzrvé; b - test diagram: 1 - rotary;

oscillation drive; 2 ~ micron indicator; 3 - slide valve of position re-
gulator; 4 - discharge of 0il q, g’/mii\'; 5.- neck I1 ; 6 - neck IVy 7 -
neck IIT; 8 - neck I; 9 ~ deviation of slide valve from neutral position

Ah, in microns; 10 - P
r

ACSI FORNM
8 FEB. 56

13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION

[CONTINUATION. SHEET) .

P N A I RS ORI TR

fl Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/09/27 : CIA—DP8401043R00240007OO1~3 -




CIA-RDP81-0104 @240070001-3

THTELLIGENCE TRANSLATION SRGERUMBER
- ; . . 201

s A RS SO

STAT

*

Figure 9 Relation of the pressureé drop AP in tae internal sircuit of the

Je

command slide valve to thsgdisplacement Ah from the neutral position:
g - test curve; b - test diagram: 1 - rotary oscillat%on drive; 2 - mic-

ron indicator; 3 - command slide valve; 4 - AE, kg/on®; 5 - deviation

of slide valve from neutral position, in microns: 6 - Ppc

As for the inaccuracyfzone -~ load on hydraulic cylindevs function, it is an
ingignificant amount ;- because of the fact that the milling forces ar» much smaller
than ary friction in the drive systen of the carriages. Thus, the acciracy of the
tracking system of the KPS-3 machine in smooth outlinings is :é 0,03 == 0,04 m.

A vigual representation of the accuracy of the tracking system ig achievei with a
volimeter installed on the control desk, connected in the circdit of the i.ductive
transmitﬁer of the oppying'instrument, which permits the operator to judge twe copy=

ing accuracy ghile the machine is runningo.

Phe deviation of the direction of the resulting feed velocity’vog (Figure 4)

of %he upper pair of carriages from the hydraulic cylinders is 7é 1¢° from the per=
pendicular to the profile in the procesé of outlining of a closed profile. For '
this reason, the copying accuracy practically does not depend on the configuration
of the profile and i%s location with respect to the longitudinal and cross feeds and
is identical both onvinclined seétions and at points of reversal of the feeds. The
travel of the hydraulic cylinders in the process of outlining of closed profiles
lies between theilimifs of jé 30mm from the neutral positione

Work was subsequently conducted towards perfretion of the two-coordinate elec~
tric-hydraulic tracking drive under discussion, in the direction of increasing.the
feeding speed during copying, simplifying the t;acking drive, and increasing the
operational capabilities of the machinery equipﬁéd with the'tracking drives

The simplified EFS-3B tracking drive, a s¥ructural disgram of which is given in

Figure'ﬂo, has been developed and produced for this purposes The design of this
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tracking drive has.retained intact the copying prihbiple discuss
substantially simplified; in particulars :

(a) the inducti\fe'trgnsmitter 20 (Figure 2), the electronic amplifier 37, and
the transmitter of commands to the hydraulic system %8 have been elimineted, and the
command slide valve of the hydraulic system has been mounted in- the copying instru-
»ment and connected to the copying finger by a rigid kinematic connection;

(b) the selsyn transmitter 19 (FiNure 2), selsyn receiver 29, electronic ampli- %
fier %0, electromechanical amplifier 31, motor of the electromechanical amplifier, r
and drive motor 32 have been eliminated, and the position regulator of the hydraulic
system has been mounted in the copying instrument and the cam connected to the rétor

of the copying instrument by a rigid kinematic connection.

Flgure 10. Structural diagram of the KFS-3B machine tracking drive.

The new simplified KFS-3B fracking drive provides for expansion of the operate .

ing characteristics of the machines equipped with it. With this aim, the auxiliary
finger in the copying instrument has been eliminated; the turning of the rotor. of

the copying inetrument in conformity with the angle of inclination of the profile —

being copied iz accomplished from the hydraulic motor, which is controlled from the

comnand slide valve of the hydraulic system; the danger has been eliminated of _

breakage of the copying finger in the outlining of internal angles of less than :

1350, by the introduction of & spherical support for the copying finger; units have

been introduced which, controlled frem the command slide valve, automatically reduce

the feeding speed on sections with small radiuses of curvature, which should contri-

bute towards increase in copying accuracy; snd the possibility of both counterclock-

wise and clockwiée outlining of a profile has been introduced. '
DIAGRAMvOF PRINCIPLE OF THE_kFG~1 TH0-COORDINATE HYDRAULIC -

TRACKING DRIVE ‘ '

In the following stage of simplification ¢f the tracking drive, a reduction of

the number of the cross carriages from four ta'tﬁo and of the number of power servo
drives from four (two electric and tw§ pydraulic) to two (hydraulic) was achieved,

while the operating capabilities of the equipment were expanded. v
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A dlavram of the principle of the two~coordinate hydraulic tracking drive de-

veloped for these purposes is glV@n in F1cure 110

Figure 1. Diagranm of principle of the KFG-1 two-coordinate hydraulic tracking
drive: 29 - master form; 30 - from pump; 31 - direction of eccentricity
of feed speed along profile; 32 - overflow; 33 - A P; 34 - direction of
adjustment eccentricity.

The servomotors 1 ard 2, which set the performing member in movement along the
two axes of the coordinates, are controlled by two reversible throttle slide valves
3 and § with tapered necks, which, together with the double canm 5, form a sine trans-
mitter. The double cam consists of two pairs of sloping bushings, inner and outer.
If the sloping bushings.are in the initial position, the amount of ercentricity of
the outer ring of the double cam 5, against which the ;1ide valves 3 and 4 rest,
equals zero with respect to the axis of rotation, in which case oil does not move
into the servemotors 1 and 2. The outer pair of sloping bushings are moved manually
or mechanically from the initial position. fhen . this is done, the outer ring of
the double cam is displéped with respect to the axis of rotation, i.e., acquires the]
eccentricity AP, the amount of whiéh is proportionate to the diaplacement of the
outer pair of sloping bushings from the initial position, and the direction, auto-
matically controlled, in the process of outlining of a profile coincides approxi-
mately with the direction of the tangent to fhe profile of the master form 6 at the
point of contact with the copying finger 7. Aswa result of this, deviations from
the neutral position which are proportionate fo,%he sin and cos of the angle of in-

clination of ‘the tangent to the profile.of the master form on the section being cop~

ied are communicated to the slide valves 3 and 4. Approximately the same relation-
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8 fron the slide valves’ into the

ship is created betwaen the streams of 0il movin
(Figure 4), the resulting vploc1ty

servomotors, cr&atlng the ‘speeds Voo d1 and Vraed?
of which - the feed speed along the profile == Vo9
is constant in magnitude (determlned by the amount of @

in the outlining of & profile

ceéntricity AP) and is near

the tangent in direction.

jutonatic control of the dlrectxon of
e 11) by means of a command slide valve 8 and hydraulic

‘the ‘eccentricity &P is accomplished from

the copying finger 7 (Figur
motor 9.

) The command sli
the edges of the slmde valve and the grooves in the boiy are equsl and the pressures

ines 10 and 11 are 1denoxca13 when the copying finger is deflected from
in which case the ball 12, rolling out in the cones, lifts

de valve o@cupies the neutral position (the apertures betwesn

(in the pipeli
‘the vertical position,

the command slide valve from the extreme lower position, overdoming the force of the

spring 15,
When the copying finger moves along a prof
to the right of the tangent, as shown in ¥igure 4,

ile ot the speed Vesed directed to-

ward the exterior of the proflle,
the finger begins to move away from the profile of the pmaster form, znd the comnand

glide valve is lowered from the neutral positicn. The pressure in pipeline 10 is

hereupon lncreaaed and that in pipeline i1 lowered. As & result, the hydranlic mot-

or 9 begins %o rotate the double cam counterclockuise,
at it is towards the interior of the profile (to the left

finger to the profile of the master form.

changing the direction of *he

feeding speed Veoed so- th

of the tangent), thus moving the copying
When the command slide valve has gone above

. The command slidé valve now moves upe
the neutral position, the pressure in the pipeline 11 becomes greater then the press-
pipeline 10, as a result of which the rotation of the hydraulic motor 9
again drawing the dirye-

ure in the
ig reversed and the double cam begins to rotate clockwise,

tion of the feedlnw speed Veged nearer the direction of the tangent to the profils

ci the master form on the section being copied.

In the process of outlining of a closed profile, the direction of the feeding

und the direction of the tungent to the

speed Vesed thus varies automatlcally aro
profile of the maeter form on the section being copied.
In order to eliminate the fluctuatlnv nature of regulation of the gpeed Veond

and to achieve a high copying acouracy, parallel automatic control by the perameber ‘

of the amount and firsth derivative of the linear loss of adgustment of the location -

of the copying finger with reauoct to its neutral pcsmtlon has been introduced into

1 the tracking drives this ccntrol 111 subsequently be designated adjustment control

of the terminology adopted above for the electrlc-hydianlic drive).

(on the analogy
ouble cam 5 from the

Control is exerclsed aloﬂg the edjustment channel by the d

copylng finger 7, by means oi the command glide valve 8, the hydraulic ampllller 14,

d the inner pair of sloping uu&hsngs,
plhcement from the neutral poaitxon, correspondl

to which latter is comumunicated the dig-
ng in magnitude and sign (into the

profll“ or away from the proivle of tha maste prm) to the deviation of the uopying

finger from the neutral position°
The outer ring of the double cam recelves the additional eccentricity 3& A X

which is always situated at an angle of 90° 4o the feed eccentricity AP and is

8 FEB. 56 CONTINUATION SHEET) e e
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proportlonate to the amount and dlrectnon of - the doviation of the inmner pair of
As a result the servomotors 1 and 2

‘ ,sloplng bushings from the neutral position.
.,U;L"> are automatically assigned such speads, adjt and v adj2 "(Figure 4), that their re-
sultxng speed v adj’ adding up geometrzcally to the speed Veeed’ gives the speed A Y.
at any point of the pre fil¢ of the profile of the master form coinciding with the
direction of the tangent. ' i \

Control in accordanee with the first derivative is accomplished by the inner
pair of sloping bushings of the double cam from the pair of plungers 16 and 17.

In the cage of slow delleotion of the copying finger from the neutral position,| K e
the plunger 15 of the hydraulic amplifier 14 is slowly displaced from the neutral
position, for example, upwards (Flgure 11), compressing the spring 18, which alwaya
strives o return the plunger 15 of the hydraulic amplifier to the neutral position.
By means of a lever 19, which is rigidly connected to plungers 15 and 16, and through [ o
the spring 20, which always strives to keep unchanged the position of the plunge; 17 ',
with respect to the plunger 16,’p1unger 17 displaces the inner sloping bushing of
the double cam by the same amount and at the same speed as pluﬁger 15 of the hydrau-
lic amplifier. 0il hereupon flows from cavities 21 and 22 of the damped cylinder
and moves into cavity 23. Iue to the fact that the diameters of all the rods of
plungers 16 and 17 are equal, the amount of 0il in volume of the damper cylinder
does not change durlng displacement of the plungers. 0il flows from cavity 22
(ﬂhen the plungers are displaced upward) or into it (when the plungers are displaced
downward), overcoming the resistance of the throttle 24.

Tn consequence of the fact that the resistance of the throttle is proportionate
to the speed of the oil running through it, and hence also to the speed of d;splace= | R
ment oi plunger 16, as the speed of deflection of the copying finger from the neu- -
tral pas:tlon increases, the displacement of plunger 17 begins to outstrip the dis- ‘
placement of plungers 15 and 16 (which are rigidly connected %o gach other) the o
more, the greater is this gspeed, A8 & result, the inner gloping bushing acquires ‘ '
additional displacement with respect to plunger 15 of the amplifier, which displace~
ment is the greater, the greater is the speec of deflection of the finger from the .
neutral positien.

The overflow from the servomotors 1 and 2 is directed along pipeline 25 through
the command sllue valve in such a way that when the command slide valve is deflected
to a slight extent up. or down from the neutral position, passage.of the fluid is
hampered to the point of complete stoppage- This makes it possible to improve the
{operation of the tracking gysten in the outlining of sharp sections of the profile
of the master form, for example, inner right angles, by automatic reduction of speed Lo
when there is comsiderable leoss of adjustment between its direction and the direct- i
ion of the tangent.

The throttWes 26 and 27 included in the system serve to regulate the perform- A

ances of the hyuraullc amplifier and hydraullc motor. Forced oscillations are force

on the command slide valve unit by means of rﬁtary oscillations of the command slide
valve having a freguency of 50 eycles per secondto an angle of ~ 5 or axval oscil-

lations of the‘bushln" of the command glide valve having a frequency of 100 cycles
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per second and an amnlitudf on the scale of 0,05 mm.

ChPlAIN RESULTS OF TESTING OF THE KFG-

THO-COORDINATE HYDRAULIC TRACKING DRIVE
~ The simpdified two-coordinate hydraulic tracking drive under discussion was
tested on the 6N12 machine (Figure 12), which was especially remodelled for hydrau~
lic feeds in longitudinél and latéral directions and for the mounting of a copying
instrument. The hydraulic feed drive consists of a pair of crose carriages 1 (Fig-
ure 12) moved by hydraulic cylinders 2 120mm in dismeter; it is secured on the bed-—
plate 3 of the maéhineo The copying instrument 4 of the KFS-3B tracking drive was
used as the base for mounting the copying instrument. The instrument is secured to

the forward wall of the body of the milling head 5,

Figure 12, The 6N12 machme9 equipped with the KFG-1 two-coordinate hydraulic
tracking drive (experimental model).

Tests have shown that a txackzng drive produced in accordance with the diegram
shown in Figure 11 is fully efflclent and insures copying at speeds above 1000mm/min
(in the tests, the copying speeds varied from 100 to 1200mm/amin),

© The gear ratio of the reduction gear of the hydraulic motor to the shaft of the
double cam adopted was 137, Reduction of the gear ratio to 1330 pxoduced WoTge Te-
vsults with respect to rapid operdticn of the drive,

The hydraulic system of control of the double cam from the command slide valve
requires a specific feed presSure, which depehé@’cn-the area of the plunger and the

rigidity of the sprlng of the thraullc amplzfler In the drive tested, this press-

ure was 25 to 30 kg/cm 5 The hyeraullc ‘power system of ‘the feed can operate within .

(CONT(NUAT!ON SHEETP
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la w1de ran ge of pressures in. the delivery pipeliﬁe (the systemvwas tested for press-
ures £rom 10 %0 50 kefon®) . ‘ S '

The greatest stabillty of the tracking drive takes place when axial oscillations

are applied to the ‘bushing of . the command slide valve; worse results are obtained

when axial or rotary oscll1ations are absent.
The tracking drive makes it possible to outline any desirsd closed profile hav-

ing outer and inmer right angles, w1thout curvature; the passage of &h@ 0il overflow
‘from the cylinders through the command slide valve exerclses subltantlal influence
in %the outlining of inner right angles. A certain amount of ovarflow into the com-
mand slide valve eircuit should be prQV1dedr Play in the transmission chain from
‘the command slide vaelve to the double cain has an adverse effect and it ghould be
elininated.

An increased pull of the hydraulic. iotor ig observed at the points of reversal
of the feed for which reason a certain increase in the copying error may teke

place here at speeds above 500 mm/minu Tn the outlining of a closed, smooth profile,
the copying accuracy of the tracking drive at speeds of 600 mm/nin is 0.0% mm, when
an axial vibrator is present.

The copying accuracy is 1ittle affected by the copying speec and the exactness
of coincidence df the direction of the copying speed vector and the eccentricity of
the outer pair of sloping bushings of the double cam.

In order to 1nsure reliable operation of all the elements of the hyozaallc am-
plifier, it is necessary to insure copious delivery of lubricant to &1l ity friction
pariso

On the basis of the positive results of the testing of the tracking drive ‘nder
discugsiou, there has been. developed a gpecial copying-milling machine of the KFG

type with a length of travel in the longitudinal direction of 1500 mm; in the latex-

al, of 1000 mum; and in the vertical, of 800 mm.
The machine is intended, in addition to end milling of the closed profiles of
complex form of parts of steel and 1ight elloys, by antomatic copying, also for end

milling of three- dimensional puwfaces of parts of the coining die type, by automatic

ing drive is used in hoth instences; in the first case, it is connected to the

hydraulic longitudinal and lateral. movement cylinders, and in the second case, to

hydraulic cylinders with a double-ended rod and makes it 90381ble to have a longer
length of travel with the same overall dlmen51ona), since asymmetry of the working
surface of the hydraulic ¢ylinders does not affect the copying accuracye
CONCLUSIONS
The two-coordinate electric-hydraulic tracking drives discussed determine the
following features of the equipments ‘

(1) Ausomatic outlining of a closed profITe without any intervention of the

operator; : R
(2) Constant feeding speed in the outllnlnw of any desired profile;

copying with pericdic feed onto the line in the lateral direction. The same track- ’

those of longitudinal and vertical movement. It has proved possible to produce the |

hydrsnlic power cylinders with a pingle-ended rod (which is simpler in design than
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(3) Tracking at. épeéds comnrisin#'a small part of the copying speed;

(4) Hloh copylng speed ‘with a high accuracy,
(5) Only slight influence of play i
copying accuracys;

(6) Uniform copying accuracy, independently
with respect to the longitudinal and crose feeds, a
Versalbof the feeds;

" The KFG-1 twofcoordinate hydraulic tracking drive reta
of the KFS-3 electric-hydraulic tracking drive, noted above,
nation of play in the kinematic chains of the feed drives.
makes it possible o expand greatly the operating capabili
equipped withvit anﬁ to slmpllfy the design of the latter.
The trafking drives, Giscussed n
matic metal-cutting equipment for the high-

mensions and complex form both ‘with respect to the profile and to the size.

AGE NUMBER

NR

s S | AT e

n the kinematic chains of the feed drive on

of the situation of the profile

s well as of the points of re-

ins the positive features
but requires the elimie
Together with this, it

ties of the machinery

ske it possible to create highly productive

accuracy machining of parts of large

auto-
di=
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PHOTOELFCTRIC RFSISTORS 1N PHOTOELECTRIC AU‘I‘OMATIOH1

v’Esoecially promlnent among the many modern systems and methods of automation

called photoelectrlc automation.

and control of production processes is so-
g has available high quality photo-

At the present time our country’s engineerin

tubes which meet all the rlgld‘requirementsu Antlmony—cesmum phetotubes are char-

acterized by thelr high sengitivity and gtability, qualities which, in combination
with the avallabllxty of diversified types of phototubes’(the STSV, FEU-1, FEU-19)

and structural designs (8T5V=-3, SPSV-4), create extensive possibilities for the de-

velopment of photoelectric automation.

New phototubes, which have been desl mated photoelectric res sistcrs, have re- o
cently come into use in éngineeringo

It may be pointed out that the very firgt
ors of selenium, obtained as early as 1872- However,
as was true also.of those of thallium sulfide (the thalofides), dis-

phototubes were photoele:tric resigt-

they did not become established

in practice,
covered in 19170 _This is explained by their s

great inertia, temperature dependence, and non=
The shortcomings of the first resistors

erious shortcomings: instability in .
operation, linearity between the

photosleciric current and the luminous flux.

and the shsence of any new ones, until 1945, resulted in 2 negative attitude towards

the question of the poesibility of utilizing photoelectric resistors for the solut-

ion of technical problems.

The recently conducted detailed gtudy o
ngs of the first photoelectric resistors of

£ the photoelectric properties of semi-

conductors has shown that the shortcomi
organic characteristic of all th: semi-

selenium and thallium do not constitute an
It is possible to obtain photo-

conductor materials from which %he former are nade.

electric resistors 4in which the ghortcomings listed above are manifested to the mini-

mum and cannot act a8 an obstacle to their employment in engineering. Among taese

are, for example, photoelectric resigtors of lead sulfide, bismuth sulfide, and cad-

mium sulfide.

At the present time industry has developed and is producing photoelactric re- -
» : : \
sistors of lead sulfide, blemuth sulfide, and cadmium sulfide’ in several comstruc-

the FS-Al, »o: FS=453 FS-BO; o.. F3-B2 end -

tional versions of each type, mamely,

the FS-K1 and FS-K2.
In their design, the‘photoelecpric resistors are very simple. They represert 3

ordinary obm resigtors of a thin, homogeneous layer of a semiconductor the reaistonce; [

hundreds of times. .\

of which when illuninated decreases
on the industrial types of photoelectric resisi-

fiven below are the basic data

ors mentioned.
CEAHACTERISTICS OF INDUSTRIAL TYPES OF PHOTOELECTRIC RuSISTORS

Overall sizes and ohmic re31stance
type are characterized by their

The mein phoﬁoelectric resigtors of the mass

small dimensions and elsctrodes_designed for switching into a radio tube panels

Vprinted in abridged forms -- Bdo
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.Figure 1. ghows sketches: of ‘the new photoelectricvresistors of ‘the FS-K1 and
S~K2 tyﬁesa 1% must be emphasized that the dimensions of the resistors of all the.
types are no% the ninimum ones, but depend on the system adopted of making contact
thh the radio tube panel. If apcessary, the resistors may be produced in practical-
1y any size. Thus, there are phoﬁoelectrlc resistors vith reception areas of 4 cm2

2 .
.+ jand 3 mn . )
The dimensions of the photoseneltlve surface of tne stendard designs of the

photoelectric resistors, as well as their ohmic resistance, ave given in Table 1.

Figure 1. Overall dimensions of photoelectric resistors: 1 - of the Fi.g1
type; 2.- of the F5-K2 type

Table 1
Type of photoelectric Dimensions of area; in dark resistance,
resistor photosensitive 2 in ohms
. cm
surface, in cm
FS-A1 0.3 X 0.7 0.21 10104 o= 2010
P8-B2 : IERBER 1,21 24107 == 12107
: S 7 - '

FS-K1 S ) 0.3 X 0.72 0.29 10" and above
Fo=K2 "10.%5 X.0.72 0.25 »106 and abové gEa.

: Sengitivity
Figure 2 giyes the functional voltampere characteristics of the photoelectric
resistors, recorded in-the dark and with illumination. Figure 3 illustrates the »
@ain distinguishing feature of the phqtoelectric resistors, which is menifested in
the circumstance that their current semsitivity is proportionate to the voltage and
nas no saturation, in contrast o phototubes with external photoelectric effect.
"Specific sensitivity", i.e., the amount of photoelectric current per volt of
lapplied voltage with a certain specified amount of luminous flux or intensity of
illumination, has been introduced for the purpose of mutual comﬁarison of the various
tyoes of photoelectric resistors. This latter must be borhe in mind because of an-
bther characteristic of photceléetric resistors, the lack of proportion between the
photoelectric current and the luminous flux. The approximate nature of this relat-
ionship, which differs for the various types of:resistors; is shown in Figure 3.
The maximum sensitivity of photoelectric fggistois is determined by the maximum

permissible operatihg voltage. Data concerning the amount'Sf maximum voltage are

given in Table 2.
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" |For the FS-Al and FS-B2; the data perta
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» Tt is sometimes convenient to charact
lsistors by the magnitude of relative resistance change und by the multiplicitys
These data alsobare given in Table 2, The amounts of specifib sensitivity in. this

table are the maximum, while the relativ
in to an intensity of illumination on the

e changes and multiplicity are the average.

lscale of 200 luces, and for the FS-K1 and FS-K2, 100 luces.
' In consequence of a certain inertia of the FS-B2; FS-¥1, and FS-K2 resistors,

the amounts of all the types of sensitivity were determined from the amounts of cur-

rent or resistance 15 seconds after cessation of the illumination. The amount of

maximum sensitivity of the photoeléctric resistors was found as the product of the

amounts of maximum operating voltage and specific sensitivity.

Figure 2. General view of the voltampere characteristics of photoelectric re-
gistorss 1 - current under illumination; 2 - current in darkness; 3 =
current; 4 - photoelectric current; 5 = voltage.

Figure 3. General view of relationship of photoelectric curvent to intensity
of illumination: 1 - photoslectric current; 2 - luminows flux.

Table 2
Type of photo- Jilaximum operatd Specific sen~ Relative change offMultiplicity
electric re- ing voltage, v|sitivity, regi gtance _ |of change
gistor mka/lm - v i 100% !
F8~-Al 15 ) 500 17 . 1.2
FS-B2 S50 1000 80 i
Fs-K1 o} w00 3000 99,28 140
FS-K2 )’ 300 2500 97.14 35
Inertia ¥
The photoelectric resistors of the Fi-Al i¥pe are characterized by lvw inertia,

this making it possible to ignore géngitivity losses upon modulation of the luminous

flux, up to 1000'per/seco " Phe FS-B2, FS-K1, and F5-K2 photoelectric resistors have

ACS! FORM 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION
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Jarse propertles of 1nert1a, as may be seen from Figure 4. An idea of the rghyre of
- {the inertia may be geined in addttion from Figure 5, in which is shown the progress
bt growth and diminution of the photoelectric current with a rectangular impulse of

".the juminous flux illuminating the photoelectrlc resistor. As investigations have

Figure 4. Nature of inertia in various types of photoelectric resistors: 1 -
FS-Als 2 - F8-B2; 3 -~ F5~Kts 4 - FS-K23; 5 - vacuum phototubes; 6 - useful

signal; T - frequency; 8 = per/secn

Figure 5. Nature of inertia of photoelectrlc resistors of the FS-K1 type with
a single rectangular light impulse: 1 = photoelectmc current; 2 = light,

shown, the regularltzes of growth and diminution of the current differ, and their
constants change in.varioua gectors of current €hange. Tt follows from Figure 5

that the growth of the current occurs more rapidly than the "ximinutionn By determin-
ing the inertia in accordance with the diminution and acceptiig the exponential
principle of 4his diminution, it is possible o determine with :dequate accuracy the
amount of sensitivity or current in a certain mterval of frequercies of modulation

of the luminous flux,;invaccordance with the formula

(1)

iwhere If is the sen'sitivity or photcglectrio current with a frequency of modulation
of £ .
is the sengitivity under constant illumination;
is the frequency of modulation 1n per/sec,
ig the $ine constante ) ‘
The constant T represents the time during which the photoelectric current

changes e times. The models of the photoelectricvresistors had :he values of v given

in Table 3.
The data were obtained with a sinusoidal mcdulatlon of the lizht and small

amounts of luminous flux, on the scale of 107 -5 1um1nau_ ¥hen thg intensity of illu-

mination is increased, the time constanﬁ is decreasedb
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Type of . Ty in sec |Interval of fres{Type of photoA' ¢ , in sec|Interval of
photoelec~ o ) quencies, in electric re=- frequenqies,
tric re- Wi lper/sec sistor ‘ » ~ |in per/sec.
gistor . o : .
FS=A1 4 10 -, .|000, = 6000 ' Fs-K1 25 w‘10h3 10 - 100 :
76-B2 TSR 100, - g0 || pske 511070 | 1027100

g arature dependence
The cons;derable dependenca of -the photoelectrlc current on temperdture ln
tilization of photoelectrlc resistors under conditions of

serious obstacle to the u

areat temperature diversity.
chievement of recent txmes was the achlevemsnt of photeelectric resist-

The phéboelectric resistors

A great a
ors with a very small temperature dependence (Fs-K2).
made from cadmium sulflde9 but of another type (the Fs-K1), have a temperature de-
pendence scarcely differing from those of. the FS-A1 and FS-B2 photoelectric resist~
ors. The dependence of the photoelecnrlc current on temperature is given in Table

4 for the photoelectric resistors of the FS-K1 and FS-K2 types.
Table 4

Temgerature, Améuhfs of-photoelectric' Temgerature, Amounts of photoelectric
in C current; in mka in C 'curxfent9 in mka -
FS-K1 | FS-K2 DU A -4 FS-K2
-=100 7% 475 20 - 245 285 .-
-~ 80 n1’660~*f’ky‘ 425 40 - - 200 280 T
-= 60 ‘ e 3900 0 60 - 160 276 -
-~ 40 350 80 120 272 -
== 20 320 100 -~ 490 270 o
300» : R

tabllltz

In contrast to the first types of photoelectric re51stors, all the new indus=
Atrial types are characterlzed by a h1wh atability. For example, during 2000 hours -
of continuous operatlon after a period during which the propertiss were established,
no irreversible changes in the characterwstlcs were disccvered in them.

Spectral senultlvggl

The FS-K1 and FS-K2 photoelectrlc resistors have aensitivityvonly in the visible
region of the spectrum. The gensitivity of the FS-B2 embraces the near infrared re-
gion. The nhotoelectr*c resistors of the FS-A1 type on the whole have sensitiv1ty
only in the infr ared region of the spectrum. Figures 6 and 7 illustrate the spectral
charafteristics of all the photoeleotrlc pesistors listed. Mention must be made of
the photoelectric resisters of the FSK-M! type, developed by the Institute of Phy31cs
of the Ukrainian Academy of Sciences. They -are remarkable for the fact that, in ad~-
Vto ultraviolet and roentgen rays.

Sy

dition to the visible region, they are sensit
The gpecific sensitivity of the FSK- M1 is 300 mka/im > v, They are characterized by
a smaller inertia as compared with the FSK-1--and FSK-2.
It may be seen from the character;stlcs of the new photoelectric resistors cited
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that a number of the defects vférmex;ly’ present are absent from the present-dsrarindus-

trial types of photoelectric re&istorsq There are now photoelectric resistors with
slight inertia (the FS-A1) and slight température dependence (the ¥S-K2), It has
recently proved possible to obtain photoelectric resistérs in'which the photoelectric
current is pro?ortionate to the lunminous flux. Instability in operation, one of  the
chief defects inherent in photoelectric'reéistors, has been eliminated from all the
industrial types. '

Photoelectric resistors should now be considered reliable instruments deserving

of a place of honor in &ngineering practice.

Figure 6. Nature of spectral sensitivity: 1 - the FS-A1 photoelectric resisi-
or; 2 - the FS-B2 photoelectric resistor; % - photoelectric curreant per
unit of falling energy. in relative units; 4 - wavelength, in mk.

Figure T. Spectral sensitivity of photoelectric resistors: 1 - the FS-K1;
2 - the FS-K2; 3 - photoelectric current per unit of filling energy, in
relative units; 4 - wavelength, in mmk.

PHOTOELECTRIC RESISTORS IN INDUSTRIAL AUTOMATION

The sphere of application of photoelectric resistors in photcelectric automation
et the present time is limited to the simplest taiks, in which inertia cannot play
a substantial part. Experience indicates, however; that there is a Sairly large
number of such simple tasks, for which reason the question of ptilizabion of photo-
electric resistors is of great technical significance,

The first step is the replacememt of the vacuum phototube by a photoelectric
resistor in existing systems with electronic lamps. The much higher iniegral sensi-
tivity of the latiter may serve as the occasion for this, The amount of useful sig-
nal may be determined simply by the curren% s?nsitivity; '

Az keveR o0
or by the relative chenge of resistance e

1.-- g

1 . R
2 .2-uA=g'
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: rhere k is the Bpﬁvlflc sen81t1v1ty,

i v ig the vo
| operating voltage (in formila 3)3

R is the load resmstance,
@ is the luninous £1ux; '

at is ﬁhe relative change of resistance, Bxpression (2) is correct

q@s; expression (%), for Rn 39 , where %@ ig the light resistance, det

turn by the formula

. Ry, = Rgarcl! “)
1t follows from (3) that with large values of - =~ (Table 2), the usef
may equal half the total gupply voltage. This clrcamstance is graphlcall

bd by Figure B in Whluh are shown the lo
4 various load resistances and wi

ad. characteristics of the FS-B2,

an idea of the apount of useful smgnal a

intensities of jliumination. The data W

frolts.

Figure 8o Load charact
with & supply voltage of 30 volts: 1 - inteneity of 11l

lucess;
4 - load resistance; 5 - 106 ohns.

The great potential differences for control of the operabi
lamp greatly simplify, the creation of reliable ghotoelectrlc equipnent.

t{ric resistors ha#e another merit, the possibility of removing the light

to long distances from the P

of access: . ‘
The first attempt to replace a vacuul phototube in a
ductor photoelectric resist
given the model designatio

relay is given in Figure 9,

B ence of the photoelectric current on voltage and intensity of light, and
£luctuetion of volitags in the circuit, supp

) ferroresonance gtabilization. Also provided for in the circuit are supp

current of an electromagnetic counter and 1owered voltage for the illumi

TF NUMBER

X M

1tage applied %0 the photoelectric resistor (in formula 2) and the

ere obtained with a supply voltage of 30

erigtics of photoelectric re51at0rs of the FS-B2 type
umination of 20

2 . intensity of illumination of 200 luces; 3 - useful signal;

jon of an glectronic

erforming members and of situating it in places difficult

photorelay with a semicon=

or was made with an industrial deslgn, which has been
a of FR=4. A functional alectric diagram of such a photo-

and an cverall view in Figure 10. In view of the depend-

1y is effected by the introduction of
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for R
n

ermined in

(4)

ul signal
y illustrat-
which glve

th various

Photoelec-

receiver

hence on

1y by direct

nating lamp.
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Photorelayé such as thase have been’ successfully used .in emergency cireuits, sTAT
and in the automation of certain pro-

sounting articles in assembly-line production,

Juction processes.
)

Figure 9. Electrical circuit of a photorelay with photoelectric resistors:

1 - 127v circuit; 2 = FS; 3 - relay contacts.
or the development of photoelectric autom

ce of - the photoelectric resistors of the FS-

jch consists in the possibility of obtaining from

protracted loading with &

ation are cre= ]

Extensive possibilities f
K1 and

ted a5 a result of the appearan
S.K2 types, the new quality of wh
n milliamperes.
rect current supply voltage of 100v does not
Alphotoelectric cur-

them photoelectric currents measured i
photoelectric current of 2 ma; with a di
couse any jrreversible chenges in the photoelectric registors.

t of 10 to 15 ma may be obtained from the photoelectric resistors'with brief im-

TeL
pulse loadso

Overall view of a photorelay with photoelectric registorss 1 -
2 - photoelectric resistor.

and great amount of operating voltage,
produced by industry, it has proved possible

£ the photorelay. The electrical circuit of

Figure 10
source of light;
yith such a curreat power and with the

sengitive electromagnetic relays being
to execute an extremely gimple design ©
the latter is showm in Figure 11. i

The principle of operation of such a photorelay is very gimple. The ohmic re-

ance of the photoelectric registor in the dark is great, hence the current in

t and inadecuate for the Tespons
its resistance decreases, in eonse-

sist

the circuit is sligh o of the electromagnetic relay-
iWhen the photoelectric resistor is illuminated,
and wheg it reaches the required amount, the

which the current increases,

quence of
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Figure 11, HNew circuit of a photorelay with photoelectric resistors of the
PS-K1 and FS-K2 types: 1 - FS-K1 photoelectric registor; 2 - ABC-6~270
gelenium rectifier; 3 - BKN, U, 17177452 relay of the telephone types
4 - 0,25 mkf, 400v condenser.

The new design of  the photorelay has yet snother interesting feature: it is
made up entirely of parts produced by induatry. Precisely this circumstance has made
possible photoelectric resistors even at the present time ia industrial eguipment,
for example, the FS-K1s the photorelay forms & part of the equipment of the automatic
control and sorting machines of the 5AK type produced for the ball-bearing indusiry.

There has also been produced an automatic machiée of the 07B24 type for the
1ine production of puts, in which photoelectric resistors verify the presence of a
hole in the blenk prior to the threading.

Experience has shown that one type.of electromagnetic relay is inadequate for
the solution of a number of specific problems. Tn view of this fnct, the electric
indugtry has geveloped and produgei two new relays of the RKN type. The first of
then (rabing plate y; 171»?8039) nas one group of switching contacts, a response cur=
rent of 1,7 ma, and.s resistance of 18 kom., The gecond (rating plate yo 171,78.40)
is characterized by a smaller respomse current (1.3 ma), and one gﬁoup of closing
contsets. Its ohmic resistance also is 18 kom.

The availability of three types of electromagnetic relays is a great convenience

in the selection of variants of an smtomatic or control device. ~In individual in-
gtances it is nevertheless necegsary to resort to selection of a relay meeting the
gpecific requirements of utilization of a photoelectric registor.

Mo illustrate certain interesting instances of employment of the new photorelay
design with photoslectric resigtors in anfomatic operation, we may ¢cite two examples
from the practice of the "Pechatnyy dvor" ZFﬁall of Printingi7n \ number of rotary
presses ere equipped with an autometic photoelectric device (Figure 12) which follows
the breaking of the strip of paper. Normal operation of the machines is verified by
three photoelectric resistors located at different points in the machines and con-
nected in parallel to one relay of the RKN tyﬁe {rating plate yo 171 .78.40). When
the paper breaks at any one of %he three points, light falls on the photoelectric

resistor, its resistance decreases, the relay responds, and the machine stops. A

supplementary alternating curgent relay of the MKU-8 ftype (rating plate sho 171,90
ACS! FORI 13A  DISSEMINATION FORM FOR INTELLIGENCE TRANSLATION
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Figure 12, Electric circuit of an automatic device for rotary presses: 1 -
F8-K1 photoelectric registor; 2 and 3 - relayss 4 - selenium rechifiers
5 - condensers; 6 - electric lamps; 7 - contacts to performing member- 8 -

papera.

69), the contacts of which permlt a load of 1000 voltemperas, has been introduced
into the circuit. Under the glven conditions, voltage fluctuations in the network
are negligible, hence stablllzmtion of the voltage is not reoulredb

The second automatic device with photoelsctric resistors (Figure 1%), which ia

installed on DPT platen printing presses, has as its purpose the performance of two

functions: that of not permitting two sheets of paper to enter the print and that
of not permitting idling of the type without paper. The first task is performed by
means of "translumlnat*on" of the papeT. The circuit is adjusted. in such a way that

the light passing through one gheet of paper is adequate for holding bark the srma-

ture of the electromagnetic relay. Upon entry of a gecond sheet the amount of light

on the photoelectric resistor decreases, in consequence of whi
cireuit of the photoelectric resistor decreases: the relay and the sutomatic device

ch the current in the

respond halting the printing process. The solution to this problem is related to
the necessity of stabilizing the voltage feeding the photoelectric resistor and the
illuminator lamp. In the instance under discussion, this is accomplished by the

ferroresonance method. Although the photoelectric resigtor operates under severer

changes in the functionlna of the automatic device during three months of operation.
The second task of the automatic device for the platen printing press, not to
permit operation when peper is absent, is performed in accordance with the system
described above for rotary presses. '

There are other automat10 devices also executed on the basis of photoelectric
resistors and in use in industry: & device for the silvering of radio parts, for
checking the filling of bunkers with liquids, friable substances, and blanks, and
for checking the absorpuwan of gasd.

0f interest is the “rhythmometer" device developed at one of the Leningrad
nills. This device, which is related to the operation of two conveyors equipped
with photoelectric counters, maehes it p0351ble to gain an idea of the exscution of
the program of production of articles,- both for a monihly period and during anmy ine

terval within the current shift.

et s — s )

conditions, being under a current of 1.3 na round the clock, there were no perceptxbli
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The examples clted convincingly p01nt .up the existence of important prospects
in the mstcer of ut*lizatlon of semlconductor photoelectric resistors in autonmatic

; photoelactrlc devices == an element of automat1on new t0 engineering,

Figure 13, Electric circuit of an sutomatic device for platen printing presses;
1 - FS<K2 photeeleciric resistor; 2 = FS<K1 photoelectric registors 3, 4,
5 = relays: 6 - selenium rectifier; 7,8 - clectrlc lamps.

In conclusion, it is necesgary to sum up the avantapes and disadvantages of
photoelectric resistors as the principal element of photoelectric automation,

The greatest dlsadvanta ge of photoelectric resistors during the present stage
of developmeni is the 1mposslb111ty of utilizing them in precision engineering. The
lack of proportion between the photoeleccrlc current and the luminous flux, -as well
as the temperature dependence, 11m1ts the sphere of utileatlon of photoelectric re-
sistors to tasks related %o abrupt transitions from light to darkness and vice versa.
The - gecond limitation in the ut:lizaflon of photoelectric resxetors is related to
Jtheir inertis. In this 1nstame7 however, the slight inertia in the photoelectric
resistors of the FS-A1 type must be borne in mind.

Among the advéntages of photoelectric resistors must be counteds high sensiti-
vity, stability in operation, 81mp11c1ty of maintenance and feeding, small dlmena
gicns and the possibilit ty of situation in places difficult of access; and in indivi-
dual instances, small inertia and smaﬁl'%nmper&ture dependence, and the possibility
of lccatlng the 110ht receiver at considerable distances from the performihg mechan-
ismo

The great advantage of photoeleccrlc resistors and the new type of photorelays
for photoelestric automation is the possibility of designing automatic devices with-
out the use of lamp amplifiers ané of supplementary development of the production of

any of the elements. of these automatlc devices by supplylng them from parts produced
by industry. _g; o
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‘ _ “N. T, ZHAROV STAT
"THE.QUESTiON-OF AUTOMATIC CONTROL
‘ IN FOUVDRY PRODUUTION
) A study carried on by the author over many years of ‘the sequence of operations
of foundry and other. production processes has led him to the conolubton that in the
magorlty of cases controlled sequenceés of operations have common structural elements
not depending on the nature of the sequence. There have been developed on this basis
unified stfuctural systems. and equipument common to any sequence of operations, in-
dependently of their mature and.method of aécomplishmento These methods and equip-
ment make it pessible to draw ﬁp gimply, and, what is most important, by following
a stendard procedure, thegcontrol-systems of different sequences of operations and
select the propér control- equipment., ‘We shall discuss the essentials of the proposed
Lmethod by use of the example of the controlled seguence of operations shown in Fig-
ure 1. '

It is necessary to pour from the bunker B into the trough VB a specified portion
of fine material. . The fiiled trough must be displaced by means of thé trolley VT
towards the intermediate bunker PB and pour inio the latter the contents of the
trough by striking of the hook KR agalnst the stop U1; the empty trough must be dis-
placed to the iﬁttial}poaition (the Eottom of the trough itself is closed during'the
process by the roller RL)w The loss of material in the bunker B must be re?lace& to
é specified height H by switching on of the corveyor TR, which carries this material
on its belt, Given the process and the equipment by means of which it is carried
out, it is necessary to render the process automatic in such a way that it will pro-
ceed as follows:

A' - manually open the slide bar (switch on current in the electromagnet EM,

which will turn the handlé of the valve XL of the pneumatic cylinder C1);

42 - automatically close the slide bar (switch off the electromagnet EM).

After this it is necegsary to carry out simultaneously two processes:

Process a

Bl - auntomaticelly switch on the mechanism for displacement of the trolléy VT

to the left (awitch onvD1);

B2 - gutomatically switch off the mechanism for displacement of the trolley

(switch off D,); _ '

C1 - automatically switch on the mechanlsm for countlng the time of pourlng of

the *xaterlalz9

G2 - eutomatically switch off the time counting mechanismg

D1 - antometically switch on the mechanism for displacement of the trolley VT

to the right (switch on D, in the opposite direction); »
b2 -~ Automatically switch of{ fhe mechanxsm for dlsplacament of the trolley
_{switch off D).

1v The bottom of the troagh VR hereupon.upens as a result of striking of the
thook XR against the stop U, but no action wha¥ever.on the part of the control els-
ments are required . for *hls purpose.
2. The necessity for such a mechanism ,erlves from the fact that if the reverse
of the trolley VT is gwitched on 1mmed1ately after the latter stops, the materlal
will not have time to pour oute
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Figure 1. Diagram of automatic proportioning of loose material,
Process b
E1 - automatically switch on delivery of the material from the sonveyor TR into
the bunker B (switch on D2);
E2 - menually sbop delivery of material into the bunker B after the initial lev-
¢l H has been reached (switch off D2)o

Ae may be seen, the entire process breaks down into very simple individual act-
ions. . We shall call them the'elements of the process (elements A1, Az, Bl, B2, etq)e
It is obvious that anyrcontrolled orocess similar to the one under consideration may
also be broken down into elements, It will be demonsirated later that spezifie
groups of elements of any conmtrolled process share common rules requiring in the ma-
jority of cases identical methods of sutomation and instruments. We shall arbitrari-
1y designate the manuel elements by squares and the antomatic elements by circles.

Figure 2 shows a diagram of eutomation of the process of proportioning of loose
mgterial. Here A1 is the beginning of the setting, switching on of the EM; i2 is
the end of the settin> switching off of the EM; Bl is the begimning of displecement
of the trolley to the left, switehing on of D1, B2 is the end of the dlsplacemvnt of
the trollsy; sw1tch1nw off of D i ¢t is the beginning of the pouring; C2 is the end
of the pourings ‘D1 is the begnnnlng of displacement of the trolley to the right,
gwitching on of D1? D2 is the end of dlsplgce nt‘of the trolley, switching off of

DQ; E1 is the bggiqning of the reéfilling, switching on of D2; E2 is the end of thz

refilling, switching off of D2

Upon examination of the 1nterconnect10n among the various elements of any aubo-
patic process, it may be seen that it is alwavs specific pairs of elements which
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condition the progresa of any elemental Process. For -exanple, the elements A1, A2
£ STAT:

(Figure 2),. pourlnw out of portlons of the materlal Bl, BZ dloplacement o

= urolley aﬂd trough towards the 1ntermed1¢te bunker, etco

Figure 2, Diagram of the sutomabic process‘shown in Figure 1.

We shall designate the actions carried out by individual pairs.of elements as
the operations of the process. Such operations in the example uader consideration
are operation A (with clements Al and 42); operation B (with elements Bl and B2);
operations G, D, and B -

The most characteristic factors whlch determine the system of the process are
the connection between the elements of a given operation and the counection between
operations thenselves.

‘let us discuss the connection between the elements of a given operstion. There
are three instances differing in principle which are possible ia this case.

1, Arbitrary ajjustment in manual control, determined by the worke: himself,
We shall designate it manugl connechion and arbitrarily designate it in the diagrams
by dashes (as between elements Ei and E2 in Figure 2), Manual connection halts the

eutomatic flow of the -procegs; one or more manual elements are required for the ree

sumption of the latter.

2. The form of connectlon nost frequently e uncountérad in practice is one in
waich accomplishment of the following element is determined by the tecnnologlcal
resdiness of the operation in question. The indications of readiness nay be very
ﬁivefsec For example, reaching of the required temperature or gpecified displace-
ments (as between elements Bl and B2, D1 and 12); reaching of & gpecified weight
(28 between Al and 42), color; porce of current, etc. The general fsature here is
that the following elenent must he carried out aftler the one in progress only when
the procesé ig characterized by & certain fully specified parameterg In automatic
devices we shall term guch a connectlon ggi;;xfand arbitrarily d651gnate it in dia-
grans by an unbroken line (Flgure 2). i

3, \Whenever an operation mst be carried out w1th1n a snecific periud of time,

guch & form of comnection is uged. in whxch execution of the following element of the
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ziven operatlnn is determ1ned only by time (for exanple, between elements ¢7"dad C2).
iWe shall term sqph a connection in automatic devices __“ggral and arbitrarily desig-
nate it 1n diagranms by 8 21gzag 1ine (Flgure 2)

' In maﬂual cOﬂtrol of a process, the ind1V1dual operations are connected to one
another by arbitrary: gd;ustmentﬁ‘ineo, manual comnection takes place in this ingtances
Iz automatic control, the various operations must be connmdtad to one another in
lsuch a way that the final element of the operation in progress automatically causes
menutﬂtM1mnMQMMmofMeanmgwwﬁmﬂ@Memmhgmewmwo
tion bhetween operations B and G accomplished through elements B2 and C2). The char-
lacteristic feature here is. the fact that the connection between the elements of the
conneeted operations is not reflex or temporal, but is carried out practically in-
sﬁantaneously or after a brlef interval determined by the design of the connecting
apparatus.

The time of transition from one operation to another thus does not form part of
the vorking time of the process and is only a transitional, intermediate element.

In the diagrams. of automatic comtrol, it is expedient in the ngjority of cases to
consider such a connﬁctlon ag instantaneousg Ye shell term thiz automatic connection
transitional and arbitrarily designate it in the diagrams by a dot between the ad-
jeasent elements of connected operations., For example, in Figure 2, the connection
vetween operations A and B, accomplished through elements A2 and Bi; the connection
between operations C and D, accomplished through elements C2 and m, ete

Very often in automatic. devices the necessity arises of commencing a certain
operation B while another operation A with reflex connection is still being completed
In this instance the commencement of operation B must no% be accomplished by thé re-
flex connection mechanism controlling the operation, but by the intermediate condit-
ion of operation A-itself, We shall term such s connection a trangit connection and

arbitrarily designate it by a cross as ghown in Figure 3o

Figure 3. Designation of a trensit connection.

There is drawn up, on the basis of what has becn stated above, & go-called dia-
gram of process automation, shown in Figure 2 as applied to the sequence of operat-
ions shown in Figure 1.

Generalizing what has been stated, we m

‘dray the following conclusions,
1. Any controlled sequence of operatiﬁn_'mayfha represented graphically in the
form of an automation diagram. e

2, In order to draw up an au%omaulon dlagram4 it is necessary:
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a. to know the‘prbcess itself, including the sequence of operatiSlAL

b to’kﬁow'the éqhipment and mechanisms by means of which the process is’
carried outy B . £ . : .

» Co fo decidé which‘elemeﬁts_of‘the procesé will. be manua; and which auto-
©imatics ‘ . ‘ '
. de eataﬁlish the forms of connection within the operations and between
them, '

If these conditions are observed, there need be only ome diagram of automation
of any process.

In the pradtical-development of diagrams-én& equipment for an automatic précess,
the principal difficulties arise in the selection of instruments for automatic con-
nection between the individual operations; for this reason, the development and uni-
Tication of diagrems and instruments for the accomplishment of temporal and reflex
jconnections are of the greatest moment.

Upon examination of any operation with a temporal connection.it nzy be seen that
they are all construcded in accordance with an identical principle: the first action
is switching on of the temporal connection mechanism itself, with simultaneous init-
iation of the operation to be executed (beginning of the operation). After this the
temporal connection,ﬁechanism must keep the operation in progress for the period of
time {or which the mechanism has been set. The méchanism must subseguently switch
itself off and terminate the operation being carried out (end of the operation).
Since one Operaﬁion is automatically followed by another (or others), the functions
of the temporsl comnection mechanism do ﬁbt en& here; it is necessary for the mechan-
igm of the operation in question to switch on the mechanism controlling the following
mechanism. Upon completion of the actions indicuted, it is also necessary for the
temporal connection mechenism to be charged automatically and be ready for action
upon repetition of the process. -

‘The functions of the temporal connection mechsnien indicated are universal and
abgolutely identical for any operations with a temporal comnection, regardless of
the nature of the sequence of operations, The only difference may be that one se-
gquence of operationsg is initiated by closing the comfacts of an electric circuit,
another by turning-a handle, & third by depression of a pedal, etec.

The creation of a universal temporal eonnéction mechanism which would be capabie
of carrying out sequences of operations differing in nature is extremely difficult;
since in this case a separate mechanism would be required for each operation which
would ellow for the characteristic features of the latier. However, in any of these
instances the functions of the mechanism would remain the same as described above;
only ite constructional execution would vary. Comsequently, if we.:sulcceed by a uni-
form procedure in commencing and terminating any sequence of operaiions with a temp-
oral connection,; it becomes possible in principle to create such a universal temporal
connection mechanism. The present-day.develﬁg§ght of electric drive makes it poss=
ible almost always to meet this requlrementJ . ‘

In fact, upon examination of the overwhelming m¢30r1ty of elemental sequences of

operations; it is not difficult o convince oneself that almost any of them may be
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g gommenced by the simple‘élbsing of electric contacts and terminated by opening of the

* kontacts. ,; . ) i }
Time relays are utilized in ehgiﬂeering as the instruments which accomplish &
. Fpecific time 1ag; in accor&ancé with this, we shall gall the universal time connect-

R iion mechanism the standard time relay and arbitrarily designate it by the letters RV.

A conventional diagram of the standard time relay is shown in Figure 4. The
“foil of the RV ig the time indicator; the contacts 3RV are bloék contactsy P are the
| starting contacts; 1RV, the operating contacts of the relays and 2RV, the contacts
SN for starting the following relay. The gtandard time relay, as follows from what has
= [been stated, must perfofm the following six functions (Figure 5): 1 - starting of
ﬁhe relay RV by brief closing of the contacts P, mamually or by the preceding relay;
s o . commencement of operation 4 by closing of he contacts 1RV; 3 - counting off of
the time of duraﬁion of operation A, keeping the contacts 1RV closed; 4 - termination
of operation A, opening the contacts 1RV; 5 - gwitching on of the relay of the fol-
1owing operation, By by brief closing of the contacts 2RV for 0.5 to 0.6 second; 6 -
sutomatic charging of %he relay, preferably instantaneous.

Let us examine the oversll diagram of an antomatic process with a temporal con- i
nection effected by means of the relay described. Let us say that it is necessary :
‘ tovaccomplish an automatic cycle consisting of two operations, A and B, with a time
_ relayo

The zutomation diagram of this process is shown in Figure 6, where RV is the
time relay controlling operation A and RV2 is the time relay controlling operation
& B

The electric circuit for carrying out the antomatic cycle indizated is shown in

Figure To

Pigure 4. Conventional electric cirouit of a standard btime relay.

Figure 5. Diagram of required functicns of the standard time relay.
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starting contacts; 1RV, the operating contacts of the relay; and 2RV, the contacts

1owing operation, By by brief closing of the contacts 2RV for 0.5 to 0:6 gecond; 6 -

sutomatic charging of the relay, preferably ingtantaneous.

mirure 4o Conventional electric cirouit of a gtandard time relay.

Figure 5. Diagram of required functions of the standard time relay.

nced by the simple closing of electric contacts and terminated by opening of the

Time relays are usilized in engineering as the instruments which accomplish &

fic time lag; in accordance with this, we shall oall the yniversal time connect-

A conventional diagran of the standard time relay is shown in Figure 4 The

of the RV is the time indicator; the contacts 3RV are block contacts; P are the

tarting the following relay. The standard time relay, as follows from what has

stated, must perform the following six functions (Figure 5): 1 - gtarting of

kA

elay RV by brief closing of the contacts P, manually or by the preceding relay:
ommencement of cperation 4 hy closing of jthe ¢ atacts 1RV; 3 - counting off of
ime of duration of operation A, keeping the contacts 1RV closed; & - termination

eration A, opening the contacts 1RV; 5 - switching on of the relay of the fol-

Let us examine the oversll diagram of an automatic process @ith a temporal con-
on effected by means of the relay described. Let us say that it is necessary
complish an automatic cyele consisting of two operabions, and B, with a time
o

The gutomation diagram of this process is shown in Figure 6, where RV is the

relay controlling operation A ond RV2 is the tine relay controlling operation

The electric circuit for carrying out the automatic cycle indizated is shown in

e 7o
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e the automatic operation being performed. Generally speaking, the indicatigiat of
readiness may be very diverse (reaching of a gpecific weight, color, length, temper-
bture, power of current, apeed, ete), and the reflex connection mechanisms may be
Hifferent in all these instances. However, in the majority of yrocesses with auto-
hatic control, the technological readiness of the process can be reduced to a speci- L
ric position in space of the moving system or object. For this reason, the creation
of a single procedure and uniform equipment for the sccomplishment of reflex connect-
hon of this type in any processes is of parilcular interest. We shall term this

type of reflex connection mechanical reflex connection, in contrast to those of tem~

merature, electrical comnections, and others.

je shall attempt to develop & single procedure and uniform equipment for the ac
complishment of mechenical reflex comnection. On the anzlogy of the time relay which
bffects the temporal connection, we shell term this mechanism the standard electro=
echanical reflex connection and conditionally designate it by the letters RR, It -
wus demonstrated above that in the majority of cases any operation canm be accomplish=
- 2d by the clesing and opeming of electric contacta, The reflex relay alsc is con=
structed on this basie-

et us examine the various operations with a mechanical reflec comnection. 1t
may be seen from comparison of the operabions with a mechanical reflex connection -
(Figure 2), that they are 211 conatructed on ome principle and in all cases the re-
Tlex relay (Pigure 8), just as the gtendard time velay, must carry outb the following
six funciions (Pigure 9): 1 - starting of the RR relay by brief closing of the con-
tastn P, manually or by the preceding relays 2 - initiation of operaticn A by clesing
of the 1ER contacte; 3 - keeping the MR contacts closed until the 4RR contacts are
set in action by the mokile gystem controlling the process; 4 - ternination of oper-
ation A Ly opening of the 1RR contacts; 5 « switching on of the relay of the follow-
ing operation, B, by briel closing (for 0.5 -- 0.6 second) of the 2RR contacts; 6 -
automatic charging of the relay, preferably instentaneous. The only difference hewe
is that with the reflex comnection, the durationm of the operation is nob determined
by tine adjustment but by the action of a certain mobile system on the appropriate
contachs of the reflex reloy (contacts 4RR}, which thereby terminate operation A and
geitch on the relay of the following operation, B.

”»« @

relay functions as follows {(Figure 8). 1t is gwitched on by brief depreas-

ion of the starter button P for « 0.1 - 0.5 seszond, this being accomplished in

ey

manual cperetion by deprescing the sterter button snd in automabic operaiion by
hrief closing of the comtacts of the reley of the preceding operation. Aftver an in-
terval of time T 1&1 v, the block contachs 3RR must respond, and the civeuit of the

contacée P may be cpered. At the same tice the relay is switched on, the contacta

iRR are cloced, and the circuit of operation A is switched on, during which latter
the contacis 1RR remain closed and the sontachte 2RR open. The contacts 4RR are sep-
arated in space from the relay, beirg located at appropriate points of automatic ad-
justment

When operation A is completed, a certain mobile system mechanically closes the
contacis 4RR for a periond of time T2 greater then the time T, of response of the
block oontacts 3RR, The latter hereupon open and upon subsequent closing of the 4RR
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contacts, the relay is not switched on. At the same time, the contacts 2RR are

closed for the period of timeT and switch on another reflex relay or time relay.
After this the relay must be charged auﬁomaticallyh
A diagram of automation of a standard cycle of two operations with a reflex con-
mection is shown in Figure 10, andthe electric circuit in Figure 11. The functiioning
of the cycle is accomplished as followss

Whan the starter button P is depressed, the coil of the RR! relay is energized;
the 3RR contacts, having blocked the coil circuit, as well as the 1RR! contacts, hav-
ing switched on the circuit of operation A {element A1), hereupon close. When opex-
ation 4 is completed, a certain moving system presses against the head of the 4RR!
contacts (element A42), and the latter open. Fhe RR? coil is hereupon deenergized,
the 3RR! comtacis open, and the RR1 relay is swifiched off (the ARR1 contacts may be
released); at the same time, the 2RRX1 contacts are closed for 0.1 to 0.5 second
switching on the RR2 relay. The RR2 coil is hareupen energized; the 3RR2 blocking
the coil circuit are closed; a5 well as the 1R22 contacts, which switch on the cir-
cuit of operation B (element B'); the BRI relay must be automaticelly charged. When
operation B is completed, a certain moving syctem presses against the head of the
4RR2 contacts {element BZ2), and the latter oman. The RR2 coil is hereupon deensrgiz-
ed, the 3RR2 contacts open, and the RR2 relay is switched off (the 4RRZ contacts may
close)s at the same time, the 2RR2 contacts clese; the BR! coil is energized, the
3RR? contacts blocking the coil circuit close, as well as the 1RR! contacts, switch-
ing on the circuit of operation A (element a1); the ER2 relay must be automaticsglly

charged, and the cycle will be repeated.

Figure 8., Conventionsl electric eivouit of the standard mechanicel rTeflex relay.

o

Figure 9, Diagram of the veguired functions of
relay.

the standard mechanical reflex
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In practice, any controlled seguence of operations contains operations with both

the reflex and the temporal forms of comnecticn (coumposite conneetion), Upon investi:
-ation of the funciionm of the standard time relay and the reflex relay, it way easily
be meen that they are capable of being combined with one another. If the system of
automation of a process with composite connection is ¥noun, the electric aystem of
st control cireuits is drawn up in accerdance with the ¢tandard procedurs, following
the automation diagram, as 18 the cage with processes with only temnoral or only re-
T 1ex connection.

Figure 12 gives a disgran of automation of a process with composite connection,
and Figure 1% the electric diagram of the control circuits ol the process.

1t nay be seen from inspection of the principles of opersticn of the standard
reflex relay and time relay that their functions differ only iw the fact that the
operation of the former is initiated by external switching conivchs, and that
latter by internal switchings. For this reasof it has prove! powsible to create a

single standard reflex-time relay which performs he functions of & gtandgrd reflex
¢

1

relay when an external serminsl switch is attached to it; and the fuaciions of a

standard time relay when a bine indicator mechunign is conmected %o ite

gure 10. Diagram of automation of a stgnderd cycle of two eperabions, Hith

1a

2 reflex connection.

Tigure 11, Klectricel diagram of a standard cycle of two operations; with a
mechanical reflex conmeciion.
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Let ug zssume that RR(V) is the device which performs the functions of both re-

lays (Figure 14). Then, on the basis of the diagrams shown in Figures 4 and 8, it
ghould operate as followg,

1, Upon brief closing of the starting contacts P (manwally or by the contacts
of the precedihg relay), the relay is set in operation, and the cireuit of the con-
tacts P is blocked by the internal contacts of this relay. The circuit of the con-
tacts P ugy de opencd after this,

2. At the same time, the external working contacts of thig relsy, i.e., 1RR(V),
cloge, and the operation, 4, begins. :

The first phase of operation of the relay concludes with this, and the contacts
1RR(V) are closed until the contacts 4RR close Or open for Some reascd, depending on

the design or the RR(V) device. This may be sccomplished in two ways. If the ralay

ijg utilized as a reflex relay, the 4RR confacts may be closed and opened by au exiers
nal terminal switch VK in accordence with the reflex index discussed above, In this
case the system, which consists of the RR(V) device und the cxternal switch VK, re-
presents a standard reflex relay.

1f the 4RR contacts are closed (or opened) after a strictly specified interval
of time =5 a result of connection of a special time indicator mechanism ¥OV to them,
the system, which consists of the RR{V) device and the MOV wechenism, is transformed

into 2 standard time relay-

rem of aubomabion of o process with composite conzsciioin.

Figur$215~ £lectric disgrem of control circuits of the process shown in Figure
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Pigure 14, Principle of operation of the standard relay: 1
start; 3 - to operation comtrol circuit; 4 ~ to following r

a. opening of the 1RR(V) contacts, i.e., teruination of operation A;

b. simultaneous closing, for 0.1 to 0.5 second, of the PRR(¥) cintacte, which
close the starting contacts P of the following relay or any other stariing circuit;
¢. automatic, and preferably instanbeneous, charging of the relay, afier which
it will again be ready for repetition of the cycle.

Consequently, one type of relay, specificelly, the standerd reflex relay, is ne-
cessary Tor accomplishment of antomatic control in accordance with the provosad pro-
cedure. The standard time ralay mey be obtained by attachment of a special time in-
dicstor mechanism to the reflex relay. This fact is of greal practical sigiificance.

Degpite the extensive employment of time relays in engineering and the . diverw
sity of their desigms, not one iype of relay performs the six functions of tin
siandard time relay indicaied ahove éEigure 4). The creation of a agpecial stardard
time relay, although possible, requires special production, and this is advisab.e
only under conditions of mass industrial production aad is extremely difficult wisn
guch relays sre produced individually, even by well mechznized plante and shops.
Yoreover, the standard time relay cbiained is rether complex in deaign.

There are many types of time relaya which may be utilized without any modifica-
tions as the time indicator mechanism (HMOV im Figure 14) comnected to the reflex ro-
lay,

Let us examine several examples of the desimgn of standard r
indicator mechsnismg.

Figure 15 chows a diagram of ono of the versions of a re

ntactor soil L1 with contacts 1LY, 2L1, 31%; a coniactor ¢

212; 5 selenium rectifisr VP; and two condensers C1 and CZ. The L1 and 12 coils

- of any make (for example, the MKU-48), depending on the nature of the supily
current ond the desired power of the contacts. This heids true of the other paris
also. “hen the relay is supplied with direct current, the necessity for the recti-

fier VP and the condenser 1 is eliminated.

The relay operates as follows, When the starting contacts P have been closed
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Figure 15, Diagram of a standard reflex relay -- version 1.

briefly, the coil L1, which is fed rectified current, is energized. The condenser

C1 with o capacity of 30 mkf serves as e filter for smoothing out current pulsations.
When the current enters the coil L1, the centacts 111, 211, 311 close. The cohtacts
111 block the circuit of the coil L1 (the circuit of the contacts may now be opened);
the operation to be carried cut is initiated by contacts 2L1. The relsy remains in
this position until cloging of the circuils of the ARR contacts. If they ere closed
by means of an external switch, the mechanism described performs the function of a
reflex relay; if they are closed after sz specified interval of fime by a time indica-
tor mechanism; the syétem is trangformed into a standard time relsy. In both in-
stenceg, when the circuit of the contacts 4%R is closed, the coil 12 is energized,
and the condenser €2 is charged practically instantaneously., However, as soon as
current flows through the coil L2, the 112 contacts open and the 2LZ contacts close.
When the 112 contacts open, the coil 1! ig deenergized; and its contacts 1L2, 2L1,
3L1 opens the operation is hereupon terminated by the contacts 211, and the coil 11
is deenergized by the contacts 1L1. The starting eircuii of the following relay (or
another contreol circuit) is switched on by closing of the 2L2 contacts. The coil L2
is under current only for an instasnt, since the contacts 1L2 open and the coil L1 is
switched off immediately, for which reason the contacts L1 opem and switch off the
coil L2  Hence, if it were not for the condenser (2, the contacts 2L2 would here-
upon close for an instant and the following relay weuld not have time to switch ong
but sgince at the moment of switching on of the coil L2 the conderser (2 is charged,
af ter the former ias switched ¢ (upon cloging of the contacts 111), the latter will
through the gan il i mstic field will not disappear
immediatelyg conseqa ; Lthe 21,2 will be closed for a certain period of

time (which is the lonmger, the grester is the capaciiy of the condenser (2) adequate
for switching on the following ircult. After this; all relays occupy
the inttial position (as in Figure 15), and upon closing of the starting contacts P,
the process described is rTepeated. A Tesistor R which reduces the initial amount of
charge current is comnected inte the circuit of the condenser C2 in order to reduce
sparking of the contacts 4RR as they close. The relay functions accurately and re-
liably, and may be recommended for indusirial production.

As for the time indicator mechanism (in the event the reley is utilized as a
standard time relay), ite design may vary, being determined chiefly by the amount of
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time lag desired. An electronic time relay of the ERV-99 type, a diagram of which

is shown in Figure 16, may be used for some time lags (on the scale of one minute).

The terminals 8 8ys A and B are connected to the corresponding terminals of the

reflex relay (Figure 15).

Figure 16. The ERV-99 %ime reley.

Figure 17. The NRV-26 snd MRV-27 time relays.
For larzer amounts of time lsg, oa the scale of seversl minutes, motor tise we-
jays, for example, those of the MRV-26 and MRV-27 types, & diagras of which is given

in Figure 17, may be used as the time indicetor mechanism. The terminals ays 2o A

ex relay

and B are connected to the corrzsponding termina
On the basis of the procedure discussed above of forming automatic control cir-

o

25 have been developed of automatic plaats for the basic

cuits and egulpment, sysi
sequences of operations of foundry sroduction (loading cupolas, preparation of mould-

s of various overall sizes

example iz g brief Geseriptica of the installation and funct-

3

of an smutomatic plant for the preparation of a zoulding mixture on the FB-2

0
odse-ronner mill, produced and opersting ab the depariment of foundry production of
the Urals Polytechnic Institute.
The plant (Figure 18) consists of three separately mounted =ssembly blocxs:

i, block of mechanisms (2dge-runner mill, hatchers, and the drives for
them);
2. block of control equipment (stendard relsys, coils, buttons);

3., block of supply and electric eguipment of performing circuits (recti=

fiers, magnetic starters, etc), The block of mechanisas is mounted cn a welded metal
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crame 1, to which is gecured by screws at a digtance of 500mm from the flooT ,gTAr

bdge-rumner mill together with its drive. Secured immediately begide the edgeirunner

Figure 18, Overall view of 4he automatic plant for the preparation of moulding
mixturee on the FB-2 edge-runner 2ill: I - block of mechanigns; II -
block of control equipment; IIT - supply dlocka
@111 is the mechanism 5 for unloading the finished nixture, which conszists of an
electronntor with reduction gear; a ghaft, snd a door opening downwards. Two bunkers
with o common outsr jacket 4 having an imner partition are mounted on the frame
above the edge-runner mill. The left bunker is used for the burnt mixture, the right
one for sand. The bunkers are provided with screw betchers 5 and 6 which are set in
operation by electromotors with reduction gears 7 and 8. The motors and reduction

1 quantity of ¢l v (clayey suspens-

gears are mounted in one case. Water with a 8¥
ion) ie fed from a tamk 9 by mesas of an clectromagnetic valve 10. The finished mix-

an clectromotor 12

o
(>

ture is unlozded by downvard opening of the unloading deor 11
through a two-stage werm reduction gear.

The diazram of automation of the plant is given in Pigure 19a, tae electric
diagran of the control circuits in Figure 15b, ihe electric diagram of the perform-
ing circuits in Figure 19¢, and the diagrem of the electric equipment of the edge-
runner mill in Figure 19d.

For verification of the functioning of the plant, 8 signal lamps have been
mountec in the case of the block of performing circuits, in sccordance with the num=

ber of operations;.the appropriate sign has been placed gbove each of them: ‘“sand",
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Figure 19, Diagrau of operation of the FB-2 automatic laboratory edge-runner

mill: & - diggram of automation; b = elecirid diagram of control circuits;

¢ -~ electric diagram of performing circuits; 4 - diagram of electric equip-
ment of edge-runner mill; 1 - (switching on of E1)s 2 - sand; 3 ~ (switch-
ing off of B1); 4 - switching on of E23 5 - burnt mixture; 6 - (switching
off of E2); 7 - (zero element); 8 ~ dry mixings 9 - (zero element); 10 -
(switching off of gM); 11 - water; 12 - (svitching off of g); 13 - (zero
element); 14 - wet mixing; 15 . (zero element); 16 - (switching on of
batcher to the right); 17 - opening of unloading window; 18 - (switching
off of batcher); 19 - (zero element); 20 - unloading; 21 - (zero element);
22 - (switching on of batcher to the left); 3 - closing of unloading win-
dows 24 - (switching off of batcher); 25 = feeding of sands 26 - feeding |
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of burnt mixture; 27 - feeding of water 28 - unloading; 29 ~ motoisTAT
edge-runner mill. )

Mhurnt mixture", "dry mizing", "wal er" nwet mixing", "opening of door", Yunloading",
d “closing of door". when an operation is initiated, the lamp corresponding %o it-
burns. This typs of verification has proved very useful, since the burning of the
lamp atbests to the faet that the relay of the operation in question has functioned
normally. In production ingtallation, it is the most advigable to locate the signal
laups ab the control point of the foreman of the mixture preparation section.

In sddition to automatic control of all the operations of the process, provigicn
is mede for the manual control of any operation by the installation of eight starting
buttona correspondingly connected to the starting conbacts of each relay

If for any reason (malfunction or temporary ewitching off of the electric net-

ponding button, starting with any operation desireds thig cannot he done when timers

work) the procesg has been interrupted, it may te resuned by depressing the corra-
5}

are used. Switches with signs indicating e each operation are connected in parallel
to the terminals 1RV1 (feeding of send), 1RV2 (feeding of burnt mizture), 1RV4
(feeding of water), 1RRI {opening of unloading door), and 18R2 (closing of unloading
door). By closing thege switches it is sible to cerry oub any operation ma nually,
if z relay is out of order or in case of other malfunction in the automabic control
cireuit, In these cases the equipment is not idle during adjustment of the sutomatic
vstem, and the sequence of operations nay he carried out by menual control.

in electromagnetic pulse counter (not shown in the diagram) the coil of which
is connected into a direct current dircuit of 24 volts through contacts 2RV? is
mounted in the plant. These contacts are not used in the automatic conirol sysiem,
The plant functions accurately and reliably and with an adequately wide adjust-

ment renge for different rates of operation.

O
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