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METHODS OF PROCESS CONTROL IN ENGINEERING INDUSTRIES

A. P. Viadziyevsky
Scientific Research Institute for Machine Tools, Moscow, Union af Soviet Socialist Republics

I GUNTRAL PROBLTMS

A Process control ay a wayr o increasing cfiiciency of
production

An mdustrial process is that procedure which converts
matertals and hat=timshed products mto end-products
by means of Libonr fabour can e spent by direct
actv ity e form ot inmg Labour orm the Torm of pasi
Lo, embodied mothe machies formerty manutac-
Lred . Ome objectine of technofogical progress s o
dectea~ the amount of libonr raadized i products m the
Procvess b oanutaciure: the total amount ot abour
cmbodied 1 the products and equal to the sum of ivimg
Lbhour Lond labonr realized i prodogts should con-
Umen-he decrease. A Lhe arly stages ol technologicl
progress. the share of Tiving Laibour prevals e products,
bt aleare with technotogical development, s share
decreases
Bvine Liour, automation gains the feadimg role.

e ntrodicten o sutomation changes the natare of
Libour ol Thow s gradualiy replaced by mental
work . nnan cedses Lo partpate directhy imdustrial
process ot Begis oty out the tunctions connected
with the vrasttion of controbs and NMAEmienanee services
of machimes Trom bemg o direct participant m- the
mantlacturmg process, man.sis Kard Mancsand, becomes
“a superyiser s controfier ot this process’!

B Scalos of production and then eftec on the leved of
antemation

AL ihe current tme. nearly evers leveb ot automation is
technically Teasible, but it should be tihen o account
that autemation i associated with complesity and with
a0 merease e the cost of equipment. Theretore, s
reliabihinn and cconomical ellicieney become of prime
inportance. Fhe merease of requirements with regard to
the servicmg of more complen and more espensive
equipment s also ot great significance. For instance.
poor quahty of ol shaping or the absence of a proper
sastem tor s adjustment i storing can depreciate all
the positive properties of an autontic machine or
system ol machimes where this tool is used. This is also
the cirse with the maintenance service arrangement and
ather services i the process of manufacture.

Automation can be realized either by reconstrction
of the existig technological equipment or by designing
new  equipment, It ocan cover all operations of the

I Rl Mary, unpublished manuseripis of 1857 S8, Bolhevik
IMascon ), Nos, T2 (1939) . 62,

In the process of decreasing of the share of
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machming of workpieces or onhy part of them, The
reasonable degree of automation depends upon tech-
nologicat features of the manutactured products, the
required vield. the fayeut of equipment. the degree offits
niversaliy and other factors,

In order to find sn optimal solution. the gquestion of
evpedieney ol automation Gould be considered differ-
entradly for cach group of operations. and - the most
clhicient measures should he ¢hosen by realization.

C. Wavs of decreasing the cvele or ant-of-cvele time

FOQUIFCHICNTS

One of the main eritern of equipment efhciency is the
possibility of ensuring s required productivity, The lme
required for the production of workpicces is summed up
from the cyele and out-of-=eyele tme requirements. The
cvele e reguirements include technotogical time of
machimig, consisting of the shaping ume, the time of
reciprocal travels of tools and workpieces., and the time
tor change of workpieces at the machinimg stations of
technological units and tsusportation of these work-
pieces between machiming zones, The out-of-cvele time
reguirements include regufar down-time of the equip-
ment connected  with rehabilitation of the equipment
components’ capacity for work and the imposed down-
time oceurring because of malfunctions of other cauip-
ment combined with the first one into co-ordimated
operitng system.

Separate clements ol the eyce an 1 out-of-vyele time
requirements can he partially martehied with cach other.
Fhe degree of matching depends upon the mature of the
technological process and the adopted fuyout of the
equipment. For example. in machining on rotary-tuble
machine tools, the time required for the change of work-
pieces can be nearly completels  matched  with the
wechnical machming tme: m work on centreless grinding
machines and on drum milling machines, the complete
or nearly complete matchmg of cyele time with shaping
time is possible, so that eflicient operation can be
achieved: inan automated  machine-tool hine with
Rexible link, it 1y possible o match the dle tmes ol one
patrt of the equipment with the operittion of its other purt.

Ways of deereasing eyele and nut-of-cycle time require-
ments on automatic machmes and autonted machine-
tool Tines are discussed i detail m sections H and HE

1. Readjustment and reconstruction of neans of production

Automition is more readily feasible under conditions
ol mass production, since in this case the sound solutions

;——_
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may be of partal character. » hich 1s more adeguate tor
the properties of the given product. 10 s also importan,
however, to provide for a possibility ot utihzanion o
antomitic cquipment - some changes of preces o
technological processes For this purpose. the nitare of
possible changes should be deterauned prior 1o the
development of cerrespondimg equipment. Ihe rapdity
of realizition of the regquired  reconstruciion s of
secondary mportance 1 this cise. simee chimnges m nuss
production tiuhe phice rehatively rarely.

Under conditions of baich production, 1t s necessary

not only 1o provide tor a possibihity of readjustment of

meins of production for machining a prece. but afse 1o
minimize time  requirements. Apart from this. the
character of the required readjustment miny - become
more comphicated. These requirements are intensthed
with the growth of productisity of the used means ol
production and with the decrease of the bateh preces due
to the increasing frequency of the required readpusiments
Thus, automation of batch production becomes consider-
ably complicated as @ result of the growing requirements
for the universality of the niilized means

Ta simplify the problem. the method ol wlecting the
nomenclature of techmically athied preces s wsed In this
case. the required readjustments are reduced (0 the
minimum. At the current ime. the problems of develop-
ment of rapidly readjusted  automatic loading  and
handling devices have been less studed. Therefore. the
automation of batch production s usually reduced 10
partial automation b, comventional means, 1e. throngh
the use of automatic and semi-automirtie machine tooks
equipped with the adjustments of turret lathes and
readjusied avtomatic lines.

One of the most comphcated problems m the neld of
machining automation is that of small-batch production
automation. which, in engincering mdnstries and metal-
working. constitutes not fess than ¥ 10 3 per cent of
the total volume of production. Within the past eight 1o
ten years, the solution of this problem has been advanced
considerably by way of the design and commercial use
of the so-called  “programme-controlled”™  miachine
tools,

H. ACTOMATIC AND SEMI-AT TIMATIC MACTIN
HLLUE

The automatic and semi-automatic melal-cuttmg
machines refer to the group of so-called “technological”
or “working” machmes. The importance of the tech-
notogical machines is rather great It s hnown that the
industrial resolution of the eighteenth century, which
resulied m mannal prodaction beimng replaced by machine
production, wis caused by the wide applivanon of
technologieal machmes rather than et engines onhy. toe
imvention of mechamcat engines stimuhated the growth m
1the size of technological machines, the mereanse of speeds
and productinaty. Howeser, the pos thibity o transter of
Ay brandh of mdustry o machime production ocenrs
onbyafter the correspondmg  technelncal machines
e heen designed

A, P Viadrisevshy

A Strwctnre of the operanng vdde and methods of

Vo remng s dieration

The workmg ol onmetabcutingautonatic
machmes myohes the fullowing operabions feed  of
materiah or blinks, execution of shaping operation on
them . transporting  from ote posiion o another:
fisation, cdampimg and release. moving forward and
remonal of working organs: and the switching ot separate
mechinsmis. AN these operations reguire a certam
amount of tme Onoseme antomalic nuchmes, the
neachmmg. readmstment and, occastomally, the change
of tonb are carnied vut by atomatic control

The out-of-cycle ime reguirements consist of the nme
for change. instatlation and adpsanent of toals: the time
for rehabitiation of working capacity - of automatic
machime mechanisms i talures. and the waste Tosses
and tme taken o orgamzanoml matters

The basie way o marease the outpit of autonuitie
machine 1oats v the simubtancous decreasing ol both
cvde and ount-of-oscle tme requirements. The decrease
of cvede time requirements hould invobe simuliancously
hoth the tme tor the main shaping operations, 1, and
the time tor ausibaey operations, 7, The decrease ol only
the tme 1 without a simubtancous decrease of the ume
r would Jead 10 the increase of the share ol the latter
and. consequenthy, to the decrease of the etfficient use of
the eqiy pent Tor direct machining.

The problem of decreasing the cyele requirements 5
wohved by hroth the development of advanced machiming
methods and  the improvement of  mechanisms for
reahization ot workimg and dle running. AU the same
time. the convept of matchig the separate elements of
the ovete time requirements s apptied. For instance. for
decreasing the vatue 1. 11 1s possible 1o (a) ume-match
different dte-running operations, and (At time-match
wdle-running operations with working ones. For decreas-
mg the valne 7 twoanethods are also possible: (at the
simulaneous machiing ol preces 1in one position with
wveral 1ools (muluple-tool machimng). and tht the
amuttancous machming of pieces 1n several positions
with several 1ol tmutuple-position machimngt

The decreamg of out-of-cyele tnme losses connected
with the change and adustment of tools 1+ rather a
dithicult problem. particularhy with regard 10 multiple-
tool and  muluple-spindie machimes. when numerous
tools operiate simubtaneonsty. The main problem i this
cise 15 the determimation of the optimal intensification
of machuung conditions and of the degree ol concen-
tration of the technological process

The losses connected with the rehabihtation of the
workimg capadity of the automatic machines” mechanical
umit depend upon the durabihty and rehabihity of these
untts. Fach machime has, along with umits which are
quite rebable and durable, unis of Tower durabihity. For
example, i automatic bar fathes, such units are the
sphit-sochet clamping mechaniams, cams and push-rod
supports: in autenatic internal-grinding machines, the
comparatively short-lasting units are the rotimg bearings
of high-speed spindles which, in gninding small parts,
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potate at the speed of tens o thousends ol revolutions
per mimute.

In order to merease the durabiits and ichabhty ol
autematic nmachime mechanisms, b s peeessary .

fay Lo achiewe, by meians of CoNSiuciine measures, s
wett as by improsmg the guality al productson, pro-
fongaiton of the senvice period o sucle medhomsms,
posstbly without inereasimg then size and wergit,

(i1 To strnve Tor the development of quizkby replace.
Able uts and parts, and for g decrease n the ume
requnired for repair and replicement of the mechanisms
which finlk

B Methods of antomatically secumy the required
machining accuracy

In the main branches of mass production. techmeal
control s required for about $0 per cent of production
operations.  Therefore, the automation of  techmeal
control 1y important o these areas of production. The
problem of chowe ol a system and ol control facihues
is stmplified i cases when automatic prodnction utihizes
machimes of modern, tested types. 101y more ditheult to
whve this prablem Tor new types of machmes. Tor new
machines. over-estimaticn of both the stabihty and the
accuracy of the design may cccur: and, due to thi
anreasonable faiture of control of important dimensional
parameters of pieces and the ke it possible 1o riahke
unreasonable  solutions  concerning
mtroducing 100 per cent takmg-over control and ol
desigming for this purpose sophisticated control tacihiies.

I Active and pasive controls and their applications

Automatic-control devices are divided into two nain
groups: ose operating by passive™ vontrol and those
emploving “actve” control The first group includes:

ta) Devices For taking-over control which sort work-
preces mto vatid and faulty ones.

(M) Devices Tor the classification ol valid preces mto a
aumber ol dimensional groups Tor sefective assembly .

te 1 Devices for control of dehnte important parameters
prior o machinmg in order 1o prevent damuge to
machimes or mstruments as o result ol - discrepancy
between these parameters and the established vequire-
ments

In the passne-control method, the vontrob deviees
normally are not connected with the machiming process
and cannot alfect the machimes” workmg components,
On the contrary, the active-control devices canaccording
1o the resufts of measurements i the process of work or
ght after i, actively mterfere with machme controb and
give mstructions for changimg operating conditions or
stoppiy the machie after achieyvig the desied dimen-
sons ob machmed pieces. The active-control devices
which control preces after machmimg can abso carry oul
the Gollowmyg functions: make adjustments, 1o change
the workmg-tool postion: classify vabd preces mto
groups: stop the machine m cise of tool Fnture.

Actne-control devices are used i varous hranches
ol mass production aed. fiest of all, i systems of

the necessity  of

machmes Diferent tvpes of gomding and Lahe madhimes
are ernpped with these means

D Aot foodoaodn s ctpoisdion

Fhe aotine contind and automatic adpstment of tonh
are cetenthy used mamh o grnding operations aned
quite varely m Lathe and bormg operations, where preated
accuracy aid better machimme quaht are required Fot
such operations, the adustmg devices e designed
mamby for mdividual pieces and e not of a4 unnersal
nature. In this category are adpesting devices tor autoe-
matic kathes which machinge rathway beanmg vings, motor-
carades, valves and the Tike, Tn some automatic machmes
(dor mstance. drifling and horing of heatproot vahes
mechanisms Tor the automate changing of worn and
feited ook are also mtroduced.

Devices Tor the adjustment and i saing ot tools o
grinding machines have tound the widest apphcation
Two munn modes of grinding operations are

(@) Grinding on a machine. with an automaue ovele
and control “along the path™ andirect control oF machime
COMPONCHES” MOoves),

thy Grinding on a machme with an automaue cicle
with  grinding-process  controthng by active-control
mstruments with machime adjustment on the basis ol
measurement results,

The first mode is cheap and simple because 1t does not
require complex measuring equipment and servicing by
highly skilled personnel. Thus Tar. however. at s not
possible to achieve high accuracy of machiming by this
method, due to the Tact that it s hased on mdirect
measurements of the path of transfer of the grinding-
wheel centre with respect to the prece, and the actual
dimensions of pieces are not controlled directly.

The second method uses active-control mstruments
which determime the direct resuli of machming durig
the whole cacle of machime operation and give instrue-
tons for chimgmg operatimg conditions or the stoppage
of grinding. In this method. complicated  measaring
instruments and apparatuses, as well as programming.
are necessary - and their cost s often equal to that of the
machine itsell’

The ever-mereasing requirements as to the machmimg
accuriey on grmding machmes give e to the study and
analysis of the reasons for their macearite operation.
One should distmguish two groups ol these reasons.
pandom and regular errors. The riandom ervors lead to
dispersion of the preces” dimiensions. 1 hese ervors do not
depend upon the duraton of work and are assovuited
with specilic features of machine design. measuring
istruments and thar quahty, Fhese are rregalanty ol
feed tustally tvansyersaly, pon-rectiimenrny . insuthiaent
system rigadity, random mstrument errors, affegibibity ol
fultithing mstructions. ete. Fhe rancom-error distithution

w1y osually normal Sy stematic errors depend upon the
time ol operation: they are accamulated stowly and
cause gradual change o the shape and size of preces
These crrors cian be penodic or growmg  Systematie
errors include the wear of the grindimg-wheel, dianmiond
wear: machime and prece heat deformations. deformations
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assoctiated  with blunting of
systematic errors of

the grinding-wheel and
instruments and  transtei mech-

anisms. Systenuntie errors are chiminated by means of

adjustments.

The piece dispersion zone connected  with both
random and  systenitue errors should correspond 1o
machining-accuracy requirements. his correspondence
v expressed in that the dispersion zone should be located
within the production tolerance zone, and the sum of
systematic errors should not accumulate rapidly, since
this would cause the Irequency ol adjustments to he
very high,

3. Dressing and adiustiment of abrasive tool

In rough works on lace grinding machines operiting
by the butt end and on centreless and circular grinding
machines. diamond suhstitutes. the so-called * milling-
cutters” or “ahrasive dises™. are widely used for the
dressing of grinding wheels. In the case of an automatic
eyele and automatic grinders, the diamond dressing of
wheels with the aid of special dressing tools having
diamond automatic feed and wheel-wear compensatnon
mechanisms is mainly used. In order to avoid the dressing
by blunted diamond, which leads 10 smoothing (over)
the grinding-wheel surface and deterioration  of ity
cutting properties. it ts desirable to use 1ools which have
autonitic rotation ol the diamond holder. Recently,
tools having spectal rotary  mandrels  with  several
diumonds have Tound wide application. The application
of such “muluple-blade™  diamond 1ools makes 1
possihle to merease the speed of dressing and to obtain
a oher accuraes. For the dressing of shaped wheels,
the tollowng methoa - are apphied:

) Dressing wirth a single-blade ol by the diamond
along the former. In the dressing of profiles having steep
zones, occastonally  two diamond wols are applied
separately for tongnudinaland trinsserse profile sections:

th) Dressing ol shaped wheels with o knurling roll has
found wide apphication. This niethod has a number of
advantages: relative simplicity ;- figh productivity - and
the possibthiy of dressing steep protiles, The  disad-
vantages of the method are: the ow resistince olknurling
rolls: therr hugh cost: and non-stahitity of the abrasive
waste due to gquick wear of rolls:

ter A new method of wheel dressing with rolls covered
by a biver of dimond fines s of great imerest. This
method has o number of advantages, as compared with
the carher methods used. These advantages mclude:
reduction of dressimg time 1y thirty to sixty times: the
simplitication of shiaped-wheel dressing: and a reduction
of dressimg cost sinee toobs with dimmond lines have a
vers long service fie and diamond fines are cheaper than
Fairge diumonds.

(100 A TOMA IO AUVCTIENE TOUL LINES
A General lavout concepls

Ihe connecting of several technological aggregates
mto o co-ordinatels operating system, or - antonitic
machine tool hines s alwans assovined with a0 certain
himntation aas o the mdependence of their operation. This
fnation displiss atselt speaticathy in the fact that

A. P. Viadziyevsky
during the operation ¢ach aggregate of the antomatic
machine tool should stand idle Tor some time, not only
Tor ichahilitation of its own working capacity. but also
dile 1o failures of other associated  aggregates. The
degree of tinutation of the aggregate mdependent run of
the automatic machine tool ine depends upon its layout.
Fherefore, the general principles of the hine layout, i,
the methods of interconnexions of the umts involved,
considerably aflect its productivity,

As menttoned ahove in section 1. the time require
ments for making workpieces on an antomatic machine-
ol hne wre composed of eyele and out-ol-cycle time
reguirements.

The cycle time requirements include:

ta) Technologival machining time on the line, consist-
g of shaping tme and the travel time of mutually
aceelerated tools and work-pieces.

t/) The time for the change ol workpicces, which
includes the change time in the machining station ol an
aggregate and the time for transporting workpicees Irom
one machining zone to another,

The out-ol-¢yele time requirements include:

(@) Idle standings of the line equipment associated with
rehahilitation ol the working capacity of the components
of this equipment;

(h) Imposed idle standings occurring as a result of
failures of other equipment combined with the first one
mto the co-ordinately operating system,

The Tayout of the automatic machine-tool line deter-
mines the character of the transporting-loading motions
within the line and the intercommunication ol individual
groups of its equipment. Therelore. the layout affects
the time elements enumerated in (b) of hoth kinds of
requirements, that is, the time for workpieee change and
the degree of matching of imposed idle standing ol the
hine.

“onsider the ellfect of the lTayout on each ol the
enumerated kinds of time regutrements.

I Cyele reguirements

The cycle time requirements for the change of work-
picces in the machming zone and for transporting them
hetween machimg zones consist of a number of elements,
The release, taking down, setting up and clamping of the
workpicce take place in machinmg zones, whereas the
forward and hackward motion of the workpieee trans-
porter. as well as the dilferent rotations and tipping of
workpicees or their transfer with respeet to zones of
technical actions, take place between the zones. Depend-
ing upon the adopted layout of automatic machine-tool
line. the elements of cycle time can. to some extent,
coincide with cach other. This leads to a reduction of
the ruted ¢ycle of line operation, swhich. tn the limit case,
may include only technological time or even the shaping
time only .

2. Our-of-cycle requirenients

According to the niture of the intergroup link, the
automatic machine-tool tine ¢ian hiave rigid or flexible
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connexions. In the tirst case. the active interoperational
preparations do not exist between stations of the auto-
matic machine-tool line and the transportation con-
nexions are of a synchronous character, The stopping of
one of the units of the line immediately canses the
stopping of the whole line. The imposed 1dle standing
cannot be coincuded and reach maximum guantity.

Automatic machine-tool lines with flexible connexions
are characterized by the presence of active interopera-
tional preparations or several parallel flows connected
by an asynchronous interunit hnk. In this case. the
technological aggregates of the line opesate more or less
independently and the failure of part of them does not
cause direct stopping of the whole line. The imposed idle
standing times can coincide with cach other and therr
total value can be considerably decreased.

The above-described general principles ol automat.c
machine-toel lines have been developed at the Design
Oftfice-1 of the Experimental Rescarch Institute of
Mectal-cutting Machines (ENIMS) and other design
oftices which are working on the analysis of structural
schemes of automatic machine-tool lines and on the
determination of the efficiency of their use.

B. Reconstruction and readjustment of lines

The field of application of automatic machine-tool
lines designed tor the machining of only one workpiece,
the so-called “‘single-itein™ or “single-nonenclature™
lines, is limited by the iequirement ol a sutticiently large
output of workpicces because one of the conditions of
the economic efliciency of lines consists in high produc-
tivity. In the last few yeuars, however, both in the Union
of Sovet Socialist Republics and abroad. multiple-item
automatic machine-tool lines have been developed, on
which the machining of several different workpieces s
possible, cither directly or with little readjustment.

The application o) such lines may be sufficiently
effective even with a relatively small output of each item.

The following main types of multiple-nomenclature
antomatic machine-tool lines may be mentioned: («)
non-readjustable lines: () lines with munual readjust-
ment; {¢) lines with automatic sclective operation of
machine; and (d) readjustable programme-controlled
lines.

It is easier to solve the problem in the case of the
machining of similar workpieces, whose design difTerence
does not atfect the outlay of the line, In this case, several
(normally two or three) workpicces of similar configura-
tion ¢an be machined without any readjustment.

In other cases. the automatic machine-tool line has
10 be readjusted manually when machining similar work-
pieces. This may involve changing the cutting tool and
jig bushes, and the transposition of control stops.
Occasionally, auxiliary power packs have 1o be switched
on or switched off manually. The time required Tor such
readjustments is different and lasts from several minutes
to one shift-period.

The disadvantage of the lines with manual readjust-
ments, apart from time losses for readjustment atself, is
atso the necessity of working out or removing work-
preces of the same type from line-stations and after

3t

readjustment
type.

Both in the Soviet Union and in other couniries, a
certain number of multiple-item lines with automatic
readjustment have recently been built. They are also
known as hines with “selective operation of machines™.

Lines of this type permit the machiming of several
workpieces. mainly of two, in any sequence without
requiring manual lubour for readjustment and without
the necessity of removal of workpieces and feeding-tine
transportation systems with other type of workpieces.
The conveyors of such lines are adapted for the transfer
of workpieces having different sizes. The lines are
equipped with identification devices for determining the
type of workpiece or satellite and for switching on the
power packs. Several multiple-nomenclature lines have
been desiy ned on the basis of the specimen described here.
Facl: of these lines 1s designed for the machining of two
workpreces of different size. The increase of nomenclature
leads to a considerable complication of the design and
to difficulues in determining the type of workpieces, as
well as to some dithiculties in readjustments.

For small-batch production. the solutions described
here may turn out to be of low efficiency. In these cases,
the questions of sufficient universality of the used means
of automation and the speed of tool readjustment
become of great importance. In a number of [hreign and
domestic designs, these questions are solved through the
use of programme control. The machines of the lines are
equipped with tool feeders containing a copsiderable
number (up to thirty) of various tools,

The tool changes, as well as a number of other clements
of readjustment. are done zutomatically with the aid of
various programme-control systems. At the end ol the
1950, some periodicals in the United States of America
published information on programme-controlled auto-
matic machine-100l lines of the Hughes Aircratt Com-
pany. for the machining of workpieces of interceptors;
and of another machine manufacturing company tor the
production of piston rods for slush pumps. In the USSR,
an experimental readjusted line for the machining of nine
sizes of beds for crane motors was designed in 1963,

Automatic machine-tool lines for the machining of
rotating workpieces usually permit the handling of
workpieces of one type with slightly varying dimensions
with the aid of manual readjustments. In this case, the
technological cquipment, measuring and controlling
instruments and electrical automatic devices are re-
adjusted. The conveyors, guiters and tool feeders require
no readjustment. The duration of such readjustments
usually does not exceed one shift-period.

Apart from readjustment, the so-called “‘rebuilding”
(reconstruction)  of automatic  machine-tool lines s
currently practised. Reconstruction is undertaken when
the manufactured products suffer cardinal moditications
or are replaced by other similar products which are more
or less different from the previous ones. The concept of
reconstruction is broader than that of readjustment and
usually includes the latter as one of the clements. In
reconstruction. in addition to the readjustment of tech-
nological and control equipment and electrical automatic

feeding them with workpieces of another
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cquipment. the reconsiriction (rerrangement) off con-
vevors and gutters trhes place. Tt s more difiiculi to
reconstruct tool feeders: very often ane has o replace
them with new ones and only meertin cises is it possible
o replace some umits and parts, rather than the whole.

C. Satellite devices

The mode of convesimg workpieces on atitoina g
machme-tool Tines is determined to g considerible extent
by ther shipe.

For ainstance. the oshindncal blanks of small tength-
to-dameter ratio (nngs, flanges. ete ) very aasily mosve
along gutters: the blianks of box-body parts with Large
flat surfaces can be casily pushed through over shdeways
with the wid of side-guiding planks for chmination of
shifting. Due 1o the complex shape of workpieces, 1t 1s
often impossible 1o convey them directdy over shdeways,
In these cases, the workpieces can be clkimped itonter-
mediate device-satellites, which may be especially shaped
to simphfy the comveyunce of workpicees of simple
shape. 11 they are made from insufliciently hurd materials,
however, their bearing surfiaces may be damaged
sliding wlong the conveyor shideways,

Some companies use satellites Tor operations which
require the rotation of workpieces in machiming. o such
citzes, it satetlite consists of a spindle with a chuck for
clamping the workpiece. The driving mechanisms are
placed in stationury position on the line working-stitions
and are equipped with clutches Tor transmitting rotary
motions to the satellite spindles. Such devices have been
used by the Excetlo and Cross Companies (United States
of Americit) and the Honshery Company (Federal Re-
public of Germany ).

The use ol the automatic machime-tool line layouts
with satellites is connected with a number of peculiarities
of both & positive and a negative character. The main
adviantages ol the use ol device-satelfites are as Tollows:
the possibility of machining on automatic machine-tool
lines the difficuli-to-convey pieces of complicated shape
or of insuthicient hardness: the high rehabil:ty ol orienting
workpicees in conveyving: the possibihity, inoindividaal
cases of simplifving  the construction  of - stationary
devices; and the simplitication ol conditions for ¢leaning
and washing of surfaces hasing the blank,

There are. however, some disadvantages i using the
device-satethites.

First, the introduction ol satellites requires extra, often
rather considerable. expenditures, The cost of production
of satelhtes is osually high simee they must be nter-
chamgeable and must have sutliciently long durability,
and the number of them. partcatarly m kirge automatic
nuichime-tool Times s considerable,

1he orher disadvantige connected with the use of
satelbines s ihe itrodecmg addaonal
jomang. basmg and fivation. Toi these

necessily ol
surbaces tor
reasens the range ol tolerances i reduced to cover the
citen s ol technotoaicat operatrons which, mthis case.
shoutd be performed with higher accuracy than those on
the Facs withour satelhnes.

Fhe thad the Ekiveuts emploving
satellites consists e the comnphaation ol the conveving

disadvantage o
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svstems of the hnes. This comphication s connected with
the necessity of retirmng the devicessatellites from the
List to the hirst position of the hne. wizh the miroduction
of stations for aatomatic cteanmg and washing ol the
sitelites and with the inroduction ot devices Tor
climping and release of workpieces on sateilites,

Pnall. one more hisadvantage of the Livouts of
antomatic nachme-tocl Tmes nsmg the device-satetites
consists 1 the dithculty of accumulating iteroperition
stocks between their stations. In the steck accumulators
of such hines, the workpieces shonid be allocated with the
artellites. which leads to an ncreiase ol the necessary
number of satethtes and o comphicaton and inereise of
the dead toad of feeder construction, as well as to the
total Fise ol the line cost. Tor these reisons, the deviee-
attelhites are rarely used on muluple-station automatic
mackie-tool lines with flexible hinks,

D. Stock accunudators

In  modern automatic  machine-tool  lines,  stoek
accumulators find a wide application. At the same time,
the theoretical premiseslor their efficient usearedeveloped.
The basic conclusions in these respects are s [ollows:

(@) Accumuliators of larger capacities should be ¢chosen
1o correspond with longer average single idle standings
ol units of automatic machime-tool lines:

(M Tt is not reasonable to use very large. cumbersome
accumulators beciuse. along with the inerease of their
capacity, the intensity of decreasmg losses conditioned
by their presence becomes lower:

t¢) Trom the pomt of view or fosses decreasing, 1t iy
preferable to have o greater number of low-capacity
aecumulators than a smulter number ol igher capaaty
accumuliators gt s assumed that the sum of accumulator
capacities is the same m both cases)

In autonitie machme-tool hines of diferent types,
two kinds of aecumulators are mainly used - dead-end
accumulators and continuons-path ones. The first are
focited outside the mam conseyving path of the hine and
run only when failares occur m the line sections lor which
they wi - designed. In normal operation of the line, the
dead-cad accunulators do not work, and their own adle
standimgs do not oceur at that moment. The continuous-
path accumulatars, on the contrary, are located on the
main conveving path and operate durmg the whole line-
operation time, In fact, they constitnte o part of the
mterstation conveying syvstem of the hine.

Both types of accumubiators possess positive  and
negitne  properties which make ot difficult 1o give
nneguivocal recommendations on the use of one par-
tieular type.

For example, the dead-end ciccumulator s more
advantageous than the contmuous-path one Irom the
pont of view oi 1ts etfect on the otal efficieney ol the
autonuitie machine ool Lae. Furthermore, e usually
oceupies i sniller production area. On the other hand,
the  dead-cnd accumuliators have more complicated
automatic-control systems and itertocks, and  worse
possibilities for the compensation of losses of the auto-
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matic machme-tool tine secnions for which they are
designed. The Tatter property s exphuned by the tact
that the dead-end accumulators are connected synchron-
ously with the line-stations” work and cannst compensate
dle standings with o duration whick s less than these
eyeles. Apart from this, the dead-end accumulators may
accumulate and store for a long tme a considerable
amount of semi-tinished workpieces. The continuous-
path accumulators which are manufactured m the torm
ol drive rotary trains are cheap and reliavle. Due to the
constant additional pressing of workpieces 1o the zone
of use. these acenmulators compensate all kinds ol dle
stindings. irrespective of their duration. The continuous-
path accumulators of this type can be distributed on the
line with higher density than can the dead-end ones. and
with the same total capacity they are able to decrease
more intensively the losses ol the neighbouring stations of
the line. Maximum rehiability and simplicity are obliga-
tory conditions for the werking capacity ol both types
ol accumulators.

The study of accumulator operation has not yet been
developed and the experience ol their operation is
insufticient.

In automatic machine-tool tines of building-block
machines, blind-path accumulator. are sometimes used.
These are focated in the points ol technological dis-
continuities of the line. i.e., 1 the points of tipping of
the workpieces or ol transferring them Irom one station
to another. The capacities of these accumulators are
usually rather large and provide for a continuous run of
the line during onc-and-one-half to two hours. The
focations of these accumulators olten do not satisly the
requirements of equality of idle standings of the nagh-
bouriag stations. The operation control ol such accumu-
lators s usually  completely automated and rather
complex because it requires consideration ol the state of
the neighbouring stations in the automatic switching of
the accumulator. The above-described accumulators do
not always operate successlully. This is explained by both
the complexity and the insufticient reliability ol automatic
controt systems and the reasons of the organizational
order. consisting inincomplere leading of the linc
(especially in the initial stages of operation) and the
absence of necessity in the accumulation ol workpieces,
as well as the low exploitation level of comparatively
complex accumulators.

The other type of accumulator for automatic macnine-
tool lings of building-block machines 1s a continuous-
path accumulator of the driven roller path type. Such
accumulators are integrally connected with the common
conveying system of the line and cannot be disconnected
arhitrariy. Due to the advantages listed above, these
accumulators are often applied by foreign companies in
the himes of machining ol body parts.

th auomatic machine-tool tines Tor the production
of small-size workpicces ol the rotating type (bearing
rings. valves, piston pins, bush sleeves ete.), the con-
tmnous-path accumulators are mainly used. Some ol
them. for instance, brush feeders for bearing rings. have

¢ wiae application and are sufliciently refiable and
perfect designs.

X3

t . Control-mterlocking end signalling devices

Various control methods and htterent types of control
devices for maintinming the necessary machimimg accuracy
are used moautomatic machme-tool hines

ey Cheehimg procedure which s done manually by an
adyuster .

(M) Automanc actine control i the process of operation
by measurmg built-m instrumenis of the zutomatie
machime-rool hine:

(¢) Automatic aciive vonttol atter an operation with
the wid oi buili-m measuning instruments, which auto-
mancatly adjust the mstruments on the basis of the
measurement results:

(/) Automatic interloching control carried out for the
purpose of eliminating workpieces which do not et the
standards set:

(¢) Final auiomatic control after machiing on the fine.

The most comprehensive appficanion of the above-
mentioned kinds of control takes placc on awomatic
machine-tool hines for the nuachiming of smafl parts ol
the rotating 1ype requinng precise machiming: rolling-
bearing rings. valves. wrist pins, bush sleeves and the like.

On the building-block machine lines. proviston 1y
made for a manual checking procedure. as well as for
automatic control of the performed operation, with the
aid of the measuring devices built into the tines. Usually.
the diameter of the precise ports ¢nd the depth of precise
grooves are controlled; the ovalness and taper of ports
can be checked during the adjustment cycle

F. Tool ronsoles

As a rule, a considerable number of toofs operate on
modern automatic machine tool lines. On farge hnes of
buitding-block machines. there arc 800 1000 toofs,
Variable tool endurance and the absence of operators
hampers the supervision of the state of the tools. How-
ever. the reliability and efliciency of the line performance
depend. to a considerable extent. upon the state of an
mstrument and its imely replacement. [t is desirable that
the tools be positively changed within a predetermined
fime after receiving signals from cycle counters located
in special tool-storing cabinets.

The counters, aiter reaching the definite (for the given
group of tools) minimal cycle number, warn the adjuster
of the necessity o a change ol this tool group: and. after
reaching the maximum cvcle number, they stop certam
sectiong of the fine.

Expericnce has shown that the use of tool cabinets
and cyele counters does not always give a possibility ol
nassing over 10 positive tool change. The reason Tor this
is the wide range of variation ol tool durability periods.
The durability depends upon a number of factors, for
example: quality of sharpening: rigidity of tool clamping;
constaney ol allowance: and hardness and state of the
machined workpiece surface. Depending upon some of
these factors, the tool durability may vary tens ol umes.
In general, durability periods are considerably random
values with a farge range of variation. Therefore, the
determination of real terms for tool change by guide-




KLY
tables and durability formulae does not give satisfuctory
results.

It would be mcorrect, however, on the basis ol the
toregoing. to neglect the use of tool cabinets and cycle
counters. The 1ol cabinets provide convement storage
of tools, control of their availability and simplification
in linding them. Counter recording of the number of
pieces processed by cach group ol tools after resharpen-
ing is also useful. Tt seems reasonable to introduce,
instead of positive tool change, their loreed imspection by

the cvile counter signals, for instance, cach one-third of

the rated mean period of durability. While inspecting,
the adjuster should change only those tools of the given

group which turned out to be blunted. Such a scheme of
imspection and  tool-changing decreases the hazard ol

breaking the tool at the mmmal tme of its change,
because the adjuster must change only those tools which
need changing.

Ihe decrease of ume losses Tor tool change s achieved
by the introduction ot the high-speed setting-m ot tools
and the prehminary ofl-line adjustment of them with
respect to the size on spectal mstruments.

In performing  accurate finishing  operations,  the
dimensional durability of cutting tools and their adnst-
ment plays the main vole: therefore. automatic ool
adjustment on accurate lathe and milhing operationsis
often miroduced on automatic machine-tool lines which
produce aecurine workpieces. Ino modern fathe and
hormg machime tooks designed for work m aatomatic
machime-tool lines, mechanisms Tor the autonutic change
af worn or hroken tools are nsed.

G, Condinons and fickd ot cthicient application of automali
machine-tool lines

Lhe shop prime cost o mechancal work prece machm-
mg m mechancal engimeering s summed up from the
mam wages of industenal workers and the so-catled * shop
expenditures”™. of which the basie ones are deprecration
and mamtenanee of the cgipment, the cost ol ool
electiic-power, wages of techmeal personnel. kibour and
so on. Fhe mtraduction of automanon usually dec ses
expenditires Tor the manm wages of mdustrial woisers,
whereias 1t mercases expenditures Tor deprecirtion and
mamtenance. the totat value of production cost being
decreased. Fhe degrece o which the production cost s
decreased s one of the mam ponts of autonstion
ctivieney.

I'he efticieney of mroduction of amntonuatic michine-
ool Iimes depends basically npon the followimg factors:

tey The nature and degree of improvement o the
technological processes reahized nthe ine:

(M The availabthiy o standard sizes ol specialized
reliable and cheap equerpment which s sited for use i
an anmonnte machime-roet hine,

(b N sutticienthy Tavge seale of produvtion.,

GO Ratonat arganization of works connected with the
exvplamtion ol an automatic nachme-tool Ting.

Virtoo~ technologicat  operations are thus tar, not
sable Tor amomation . 1o shonld be trhen mto account
that the modes wlich are performed manually - with
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ditficulty are often casily and simply carried out with
mechanisms: and, on the contrary, the model easily
carried out manually cften require complex mechanisms
in automation. This is explained by a number of principal
ditferences between the peculiarities of the human body
and the kinematics ol the machine. Not a single organ
of the human body has, for example, the continuous
rotary motion widely used in machines. Man, however,
casily performs spatial transfer, whereas the over-
whelming majority of mechanisms o' modern machines
carry out only planar movements of working organs.
Man's arms are a very perfect tool and can perform
various and complex motions. whereas  the working
parts of a machine Tultil only refatively simple motions.
Tt is relatively casy 1o automate working and dle niotions
of working organs of technological machines, but 1t s
more diflicult 1o handle auxiliary operations assocnitted
with the maintenance  of machines and to include
transfers of machined articles trom one machine to
another, loadimg and unloading of machimes. claimping
and releasimg of workpieces and the like.

Great ditliculuies are encountered i assembhy auto-
mation. Assembling  operations  uswilly - comsist of a
number of nmumual tasks which are very dillienlt to
auntonute. Among these arc. Tor mstance, operalions
associated with the change of position of workpreces
and assemblies, and with therr mutual orientations, the
aperations ol presscrew g nuts, the ascrabling of ball-
beirmgs, cle. Recurrmg difficuluies are often connecied
with antomatic convevimg and feed from bind of such
workpicces as spiral springs, slotted rings and the Tike:
these are casily coupled mto chams and balls, which
presents ther piece-by-piece feeding.

In the cutting machimimg ol workpieces. some dithi-
culties arse - the automation of precise finishing
operations whose perfornince is accomprmed by stops
for ¢change and adjustment ol tools, and tor chechimg of
michime tools and devices.

Realizatnon of advanced  technological  processas s
largely  dependent upon the avalabihty  of quahty.
rehabihity and cheapness of metat-cutting equmpment.
Fhis problem can be solved by the design and improve-
ment of the complex ol sumdard  technological and
transportation cgquipment which s suted for ancor-
poration ino automated machine-teol ines, Due to the
stability of stndard types of such equipment and the
larger scale ol its manufacture, the cost may be con-
siderably lowered. compared with special equipment
manufactured on an individual basis. The rehiability of
such eqruipment may be higher.

With the decrease ol production, the cost price of
ntachinimg rises, due to imcreased nme losses tor readjust-
ment of the equipment. Fhe readjustment problems on
automatic machine-toat hines are comphicated by the
necessity 1o readjust not only the technologicat eguip-
ment, but also the conveying and toading devices and
feeders. Theretore, the single-item automatic machine-
ool Tines designed for the manutacture of a stundard size
ol arncle can be etficient only i case of comparatively
firge batches of production. The problems of gquickly
re: Nustable antonunic machine-tool Tines, as mentioned
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above, are rather complicated and are currently tar from
being solved in a satisfactory manner,

The idle standings occurring in the course of running
of the lines are the consequences of a number of factors,
which are bisicalty divided mto the following three
groups: (@) dle standigs due 1o technical reasons; (b)
le standmgs due to orgamzationat reasons: and (¢)
imposed die standmgs.

the first two groups of idle standings are subdivided
m ot o a namber of smaller groups, for example,
the dle standmgs assocuted with the work of 1ols,
mechamcal desices of the hime. electric and hydraulic

apparatuses. the Lack and quahty of blanks, the lack of

power. the shifl of mamicnance personnel, waiting for
adjusters and the hihe,

The detantfed division of adle standings due o real
reasons s dhfticut' g number of cases and may be ot a
subjectine character. For instance, the dle standings
assoctated with tool change depend not only upon a
number of design fiactors, but also upon the arrangement
of tool-keeping. +¢.. upon the area in which tools are
stored. how thar sharpening and adjustinent are arranged
cte. The fength of adle standings due 1o falure of mech-
amcal, electrie and  hvdrauhe devices depends upon
design tactors, the guahty of nuinutacture and assembly,
the number and skill of mamienance personnel, the
argamization of techmical services ete. The situation 1y
often complicated by the absence of reasonable data on
the determmation of the necessary number of main-
tenance personnel, the payment system for this per-
sonnel, the organizaton of wol and repair services and
S0 o0n.

In general. the defects i different stages of the building
of antomatic machine-tool tines, te.. in design and
maaulacture, become most strikingly apparent during
the operation of the hines. Therefore, the acgui:ition and
practical analysis of data on running automatic machine-
tool lines is an important measure which contributes to
the improvement of their construction and the quality
ol their manutfacture,

At the current time, automatic machine-tool lines are
used mainly for mass production. The lines of building-
block machines usually handle large and medium-size
body parts. as well as parts of the roll type, crankshafts,
ascillating and rear axles, connecting rods etc. Pre-
paratory operations on milling, drilling and boring are
mainly carried out on such automated lines, whereas the
tinishing and precise operations arc mostly carried out
off-line.

Muss-produced articles of one type, e.g.. rolling
contact bearings, valves, piston pins, straight axle
shafts and bush sleeves, tap borers and threading dises,
are. machined on auwtomated machine-tool lines of
special and  specialized automatic machines: lathes,
erinders, milling and broaching machine tools, etc.

Projects on the extension of the field of applieation
of automatic machine-tool lines are being carried out
mainly in the direction of the development of readjusted
hnes which are suited for multiple-item machining. As
Mmentioned above, the use of these lines may turn out to
he eflicient even in relatively small-scale production of
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parts of each nomenclature, apart from their eflicient
application in series production.

1V. AUTOMATION OF MECHANICAL PROCESSING WITH
PROGRAMME-CON TROLLED MACHINE TOOLS

Until recently, works on the automation of small-
batch production in machrne-building enterprises were
directed only towards solving individual problems con-
cerning parts, However, the problem as a whole did not
find a solution. The extensive development of electronics
and computing technigues in the USSR has become a
basis for the conplex automation of industrial processes
in small-batch machine-building operations with the aid
of programme control of machine tools and other
production mechanisms.

The programme control of metal-cutting machines
makes 1t possible to solve a number of eomplicated
problems of automation of universal and specialized
machine-tool equipment.

Some of them are the following:

(a) Automation of machine tools working in small-
batch or individual production, which currently com-
prises no less thun 60 1o 70 per cent of the total mech-
anical-engincering production, with provision for the
rapid readjustment of machine tools for other pieces or
batches,

() Provision of highly productive automatie machining
of workpreces of complicated shape without preliminary
production of master Torms. special tools or camshafts,
and the carrying out of similar labour-consuming works;

(¢} Automation in series production and even in large-
scale production brings about a sharp decrcase of the
number of special-design machine tools and the maxi-
mum unification of controlling  devices, including
machine tools of different designs and groups:

() Radical facilitation of the introduction of correc-
tions into the kinematic scheme of accurate machine
tools for elimination of production errors and wear
compensation of individual components in the process of
work ;

(¢) The foundation on a uniform constructive basis of
a range of machine tools with different degrees of auto-
mation, according to the requirements of customers with
different production conditions.

The systems of programme control of machine tools
are divided into two classes: numerical and cyclic. Eaeh
of these classes has its own field of rational use.

Numerical systems are dnstinguished by relative
complexity and by principally new, for machine-tool
building, technical solutions and means (use of electronie
circuits, methods of computing technigque, complicated
electrie drives and data-input devices,  programme
writing on magnetic tapes, punch cards and tapes, cte).
Numerical systems are intended to resolve the problems
associated with the processing of complex shapes.

Cyelic systems, being simpler in construction and using
sufficiently commonplace means and methods for
modern machine-tool building, more successfully solve
the problems of unification of equipment and eontrol
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devices, as well as the on-line readjustment of régimes
and sizes on a running-station,

The construction of programme-controlled machines
has been undertaken in Soviet industry lor seven or eight
years. The introduction of separate assemblies with the
use of cyclic programme control in machine tools began
considerably earlier, approximately w the end of the
194075,

A. Numerically controlled machine tools

A whole set of numerically controlled (NC) systems of

metal-cutting machine tools has been developed: these
NC machine tools can be divided into three groups:

(@) Machine tools for contonr machining. This group
includes millers, electro-crosion cut lathes and  other
machine tools for machining pirts ol complex con-
figuration with  simultancous  interconnecied motion
along several co-ordinutes:

1hy Co-ordinate machine 1ooly. This group includes
boring machines, vo-ordimate-boring and other machines
with positional controllers: the taol iy el up along the
co-ordinate according 1o the programme;

(<) Position-control machine tools. These are luthes tor
the: machining of stepped shatts, millers with hinear
motion along co-ordinates ete.

In numerically controlled machine tools, machining of
the workpiece with the use of marking or a master form
is replaced by the muthemanel conputition  of g
machining programme with a further record of O
putatan results on punched or magnenie tape. The
written progriamme i~ then transterred to the shop. The
operator has only to mnstal the blank on the machme and
1o switch on the programme-control panel.

As e result of two sears” operation of prograniice-
controlled milling nvachines, it i possible to present the
following indexes: the machine tme m machming parts
of complex contiguration wis decreised by three times,
and the accuracy of machinmg became higher, wiich
mide 1t possible to avord Clochsmith” timishing. The
avilabihty of tacilities on the correctness of programming
permitied the elimmation of control measure of work.-
pieces. The programming of speed, depending upon the
alowance, increased the durabdity al the tool. 1t s now
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possible to increase the speed and aceur 4cy of machining.
The muchine setting-up time is contiderably reduced
when machining a new workpiece.

Experience with programme-controlled machine tools
has confirmed the possibility of considerably accelerating
the machining and improving the workpiece machining
accuracy. The data on the machining of sixty-seven parts
on a universal machine tool and on a programme-
controlled machine tool are presented below as an
example.

Table |

MactuiNinG paka FOR UNIVERSAL AND
PROGRAMME-CONFROLLFD MACUINE TOOLS

Programme-
{ mivergl controbled
Prodvve s ouichine-tiocd gchine posed

Average number of onerations Tor 67 parts
one-sluft anmierd operation of machine). . (97.0 700
Labour consumption tinachine 1ime, pre
parators tinshmg time and “locksmih™
fimshing tmel per pan o). 23 4.93
Labour consumption tmae une tme, pre-
parators finishing frme and tocksmith™
stung imed perartiie thoursy. . 8§86 218
Decrease in fabour consumpiion per arhicle
tone-shifl machme operation during one
sear) thoursy .

70543

The parts machined were mamly ol light alloys.
Fxamples of such parts are given in table 2, As a result
of higher imschining accuracy, the parts have become
interchangeable,

The accuraey obtained  on programme-controlled
machine tools v determined, 10 high degree, by 1he
proper setection of cutting conditons and the size of
allowance.

Phe costand tme savings in the use of such machine
tools depend upon the 1vpe of parts selected and their
series produchion. As may be seen from the tubles, a
Large cliass of parts has been determined for which the
use of nulling machines with nr merical programme
controls is rather cfficient. As the computation methods
and recording means develop, the ficld of use of these
machine tools will be extended.

Tuble 2
IDATA ON MACHINING OU SOME PARTS ON U NEYERSAL AND PROGRAMME-CONTROLLED MACHINE TOOLS

Feed tnpltoner,

Pope o pares Vot Riank DT e}
Guard Stecl abon She 300
Seclor Steed atloy Sheet RO
Body Steelalloy Ingot 600
Shoe Stechidhoy torging 00
Luning Steel idioy Compressed o0

profic
Pk Steehihhoy Sheet 450
Pmitle Steclalloy Roll 178

Aenricy ot
pr s ot

Machunmg tne on
Murking i e Programpne-conrolled

toiitlingctreyy Tinte bt ey i e (nnnre ) Noter
.07 210 6.0
0.0t 126.0 270
- 0.1 Pecreased -
4.2 times
0.1 Decreased
15 limes
Qal RS 5.0
a1 65.0 t2.0

- 008 19.0 4.0
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The characteristic feature of the current stage of
machine-tool programme-control  development in the
USSR and abroad consists i the use of these machine
tools tor mdividual workpieces, as well as for small-
bich and series production.

Lo small-batch and series production, these machines
provide from two to three times greater productivity,
compared with reproducing machines, due to the smooth
speed control in passing along the contour.

Other advaniages are the facilitation of adjustment
(there s no need to advance the guiding-block with
respect 1o the workpieee), the better use of working
surfaces of the machine and the elimination of storage
space for guiding-blocks. The latter is of particular
importance for large machine tools.

The experience of machine-building plants has shown
a high efliciency of such machines in the production ¢7
lots of parts ranging from 1,000 to 10,000 pieces at
machine times ol processing ranging from 10 to 30
minutes per part.

Another specitic feature  of  programme-controlled
machine tools, which has been clearly revealed within
the last few years, 1s the construction of sections and
shops equipped with these machine tools,

By grouping the programme-controlled machine tools
in sepirate sections, their use becomes stll more efticient.
This has been especially  successtul m a number of
machine-building plants. Those plants which combined
programme-controlled machime tools into sections were
able to provide for their uninterrupted operation. With
more than five controlled machme tools, the establish-
ment of a technological group for designing and writing
programmes at the plant. as well as the use ol general-
purpose electroine computers, becomes jastified. When
a plant has a conaderable number of programme-
controlled machme tools distributed at different shops,
the provision of muluple-machine services, personnel
trainimg and mamtenance becomes complicated.

Programme control leads to the possihihty of employ-
ing workers with less skill and to a decrease in manual
labour requirements.

A number of the programme-control systems which
have been developed in the USSR are applicahle to
various types of machine tools (dnlling and milling
machines, lathes etc.)

The milling machine tools of Model 6H1319 -2, which
are equipped with a step programme-control system,
have been used in industry since 1960 and are highly
appreciated by the users. The system is fully transistorized.

The machinimg programme is written on magnetic
tape. The world’s highest speed stepping motors and
original hydraube servo-systems have been developed.
Fhe step-control system has, at the saine machining
ceuraey,  fewer  electronic components  than  other

sogramme-control systems performing the same func-

s, Thas system was borrowed from the USSR by the

aanese Fuji Company,

The Experimental Research Institute of Metal-cutting

“chines, inoco-operation with a maclme-tool works,

Aeveloped a range of highly productive and precision
wamme-controlled machine tools. The milling mach-
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in¢ plant in Gorky has begun the manuofacture of multiple
co-ordinate milling machines of four size-types with a
step programme-control system.

The use of a programme-controlled electro-erosion
inachine tool designed for the shaped cutting ol a die
from hard alloys has proved very effective.

Programme-controlled systems for unique metal-
cutting machine tools have been developed and commer-
cially used.

The factories of the heavy machine-building industry
produce heavy plano-boring and plano-milling pro-
gramme-controlled machine tools (the longitudinal travel
15 equal to 25 metres).

Programme control changes the aspect of metal-cutting
machine tools. Machines with entirely new kinematie
schemes have appeared, for instance, four- and five-
co-ordinate  millers, four-co-ordinate twiret lathes,
drilling machines with turret heads and combined mach-
ines with automatic tool change.

At the current time, the whole eomplex of progran me-
control equipment for machine tools has been developed.
This complex includes the facilities for programme
preparation, consisting of puncher, code converter and
vo-ordinatograph for control plotting of the given
component configuration on paper. The programme
preparation sets are available for both individual
machine-building plants and interplant centres where
programmes are prepared.

To ensure better saving of the programming time, a
system of automatic programming with the use of high-
speed clectronic computers has been designed. In this
case. the programming time is reduced from five to ten
times. as compared with manual programming, which
mereases still further the efliciency of the use of pro-
gramme control.

The computing centre estabhshed at ENIMS fulfils
orders for compiling and writing programmes for plants,
The establishment of such centres has been also planned
for other cities,

Programme control makes it possible to solve many
problems of production organization in a new way. For
instance, it is possible to write a programme while a new
component is still in the process of design and to pass it
over to the manufacturer together with the component
drawings. If the production of a new machine is carried
out by several manufacturers, the design office provides
them simultaneously with an identical programme.

In this case, the numerical programme is written by
the leading enterprise in manufacturing a pilot machine
and is given, together with technical documentation, to
the plants for series production of the machine. Thus,
the commercial production time of new types of machines
is considerably reduced. This yields a great economic
benetit.

The Institute has developed standard methods for
manual and automatic programnung of two co-ordinate
processing.

In the case of manual programmung, the design data
are recorded in tables and the tape s then punched. The
punched tape 15 fed into the interpolator, which yields
the programme in the torm of an impulse sequence. This
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programme is recorded on magnetic tape. In those cases
when the interpolator s insalled 4t the machine tool,
there is no need 10 have an mtermediate programme
carrier.

For control of 4 progremme, it s plotted on the
co-ordinatograph. Issential Tacilitation of programming
is provided by a circular mterpolator.,

In programming with the aid of un clectronic com-
puter. the programme is obtained at the output W the
form ot a punch card.

The punch card can erther be used directly for machine
ol control. if the built-in mterpolator s availabfe, o
can be used for recordmg on magnetie tapes. The use of
magnetic tape is reasonable i small-batch and series
production if comparatively small number of different
programmes i~ required during the year,

The cnterprises using programme-controlled machine
tools should be equipped with complete facilites for
Wring progriamnies.

In commercial use of numenically controlled machinge
tools, une shoald be aware of the fact that

(@) Numenical-control eqnipment, while providing an
essentral extension of technologieul potentialities, is, o1
the same tme. a prinaipally new type of cquipment
which differs from the existing one by the quantitativ,
and qualitative complication of the electrical equipment
and the necessity of spevial preparation ol programmes.
whict requires special shill of personnel and the appli-
cation ol complex equipment:

(M) The application of such cquipment s imetlicient
without very careful technological preparation 1o deter-
mine the nomenclatnre ol the components, loading of
equipment and examination and correction of the tech-
nological process with regard 10 new possibilities nd
requirements;

(¢} The application of programme-controtled cquip-
ment is iellicient without making special arrangements
for repairs and maintenance, lor establishment ol special
programming services and f{or traiming of maintenance
personnel. Only the thorough realization of all the organ-
izational and technological measures in o full complex
can provide for eflicient operation  of numerically
controlled cquipment;

(d) The greater effect yields o group use of programme-
controlled machine tools;

(e) Even in the use of g general-purpose electronic
computer. the piogramming should be carried out with
the participation of a skilled plant technologist,

For provision of the most rapid commercial use of
numerically controlled machine tools and to obtain the
economic benelits, 10 s necessary to make the arrange-
ments discussed below,

It s most ceonomical o concentrate programme-
controlled machine 1ools 1 groups of not less than five
or six. Ftis neeessary to group the plants with similur
technological processes and 1o hegin cotmerarl use of
programme-controlled equipment with most advanced
works, orranging ot i oan stem-classed or speciahized
section. Sv h a section should include, as a rule, some
units of programme-controlled equipment; the organ-
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1zational and  technological principles of programme-
controlled machine operation should be checked, and
some recommendations as to cquipping other enter-
prises with programme-control  facilities  should be
worhed out,

Sceondly, taking inte account the novelts and com-
plexity of programme-controlled cyumpment, as well as
the difficutties mvolved programn: preparation, 1t s
expedient that machine-manufactuning  plants should
provide users. at least during the imial stage of using
the maclimes. with assistance in reparrmg and adjusting
the programme-controlled cquipment, antramimg per-
sonnel and mowniting programmes tor the processing of
complicated parts with the use of computers

B. Cvelic progranene-comtrolled machine toals

Tlhie systems of programme control of cycles and
regimes of machming differ from numerically controlled
systems mainly by the absence of numerical programming
ol sizes and. comsequently. displacemen: or position
transmutters. as well as electronic or complex relay
cIrcuits ensuring the obtuining ol desired sizes,

In cvelic systems. the sizes are controlled, m most
ciases, by track switches of either conventional or special
Omallszef types, which are effected by transposed stops,
Such an arrangement of evelic systems provides, on the
one hund, for their essential simplification, as compared
with numerical systems, and. on the other hand, detines
the lield of their use, mamly i batch production,

It s true that such machine tools only pernit the
machining of components with contours which are
parallel to the axes of tool co-ordinates, hut the operation
of ~sich machine tools i extremely simple and their cos
IS only ahitde higher than that of universal muchines

Such machime tools (of pracucally all groups) are
mannlictured mgreat quanities by the muchine 100l
mdustry. As the number of operations which can be
programmed mcreases, the ficld of use of these machines
will be extended.

The prevanling  commercial use  of  eyclic-control
systems s dictated not only by their lower cost, simpler
arrangements for commercial production and easter
manufacturing and . ljustment, but also hy the ahsence
of the necessity for programming services and by lower
maintenance cost,

One should ke into account, however, that the
economic efficiency of commercial use of these machine
tools und the level of production automation i con-
siderably lower than that of michine tools with 4
ninserical systein of programme control.

C. Development of namerically controlled machine 100

The advance of programmed contral of machine touls
tends towards the development of 4 sell-adjusting system.
Tna self-adjusting system. the feed is set up according to
the condition of maximum machinmg accuracy, pro-
ductivity or tool endurance.

Here, the programming and computation of machining

wchnological parameters are considerably simplitied, and
the scattering of machining parameters {differences in
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the hardness of metals, allowance of blanks, blunting of
tools etc.) is compensated.

These systems are particularly important for work-
pieces of hard-to-machine materials. Many types of
machine tools are equipped with self-adjusting combined
systems. The operation of such machine tools has shown
that the insignificani complication of the control system
for providing feed self-adjustment is fully justified.

Together with control-system improvement, the intro-
duction of automatic tool-change for increasing the
efficiency of programme-controlied machine tools is
rather essential.

D. Technical and economical indexes of operation of
numerically controlled machine tools
On the basis of published sources and the analysis of
the operation of numerically controlled machine tools
{domestic and foreign), the following average indexes of
their operation can be outlined:

{m Productivity increases by two to six times;

() Pay-off: up to two years, 20 per cent; up to three
years, 67 per cent; up to five years, 13 per cent;

(¢) Technical and economical efficiency in the use of
numerically controlled machine tools (according to
published data on experience in the United States of
America), is as follows:

(1) Labour ccst decreases by 70 per cent;

(1)) Tool cost decreases by 67 per cent;

(111) Productivity increases by S| per cent;

(iv) Improvement of product quality increases by
42 per cent;

(v) Improvement of utilization of means of production
increases by 26 per cent;

(vi) Other expenditures decrease by 31 per cent.

Of all the currently existing technical solutions of
automation of mechanical processing in small-batch and
series production, the use of programme-controlled
machine tools is considered to be the most efficient from
the economic point of view. Apparently they will have
good perspectives in the future.
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