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Soviet Numerically
Controlled Machine Tools:
Problems and Prospects (u)

Beginning with the Eighth Five-Year Plan (1966-70), Moscow has attempt-
ed to place priority on accelerating the development of numerically
controlled (NC) machine tools to increase productivity and to modernize its
defense industries. It has met with some success as the number produced

.annually is now roughly equal to that of the United States. Soviet NC ma-

chine tool technology, however, is well behind that of the West, and most of
the Soviet equipment is much less capable than that available in the West.
The relative backwardness of the Sovict electronics and computer industry,
insufficient numbers of trained NC computer programers, engincers, and
machine tool operators, a buregucratic system that discourages innovation,
and a reduction in investment in the machinc tool sector have retarded
progress in Soviet NC machine tools. Consequently, the rapid gains in
Western manufacturing productivity resulting from the introduction of NC
machine tools in recent years have not been matched in the Soviet Union.

The USSR has resorted to large-scale imports to overcome shortcomings in
domestic production of morc advanced NC machine tools, and. for some
types of NC equipment, imports now exceed domestic production. Al-
though most Soviet NC machinc tool and cquipment purchases have been
within COCOM guidclines, it is belicved that sizable sales of embargoed
equipment have been made. Mistaken judgments by licensing officials,
misrcpresentation by exporters, bona fide differences in interpreting
COCOM dcfinitions, and the willingness of some Western governments to
permit the sale of embargoed equipment arising from differences with US
interpretations on the strategic applications of the machinery in question
have led to uneven controls on NC ~quipment going to the Soviet Union
Much of the imported cquipment has been allotted to the defense scetor.
Known applications include production of aircraft, tanks, ammunition,
trucks, and ship propellers.

Although the Soviet Union now has onc of the world’s major machine tool
rescarch centers, a nationwide network of rescarch institutes and design
bureaus, and about 50 plants producing NC tool machinery, it will
continue to lag behind the West for the foresccable future. Dismantling of
institutional roadblocks, changes in traditional manufacturing practices.,
and more discriminating allocation of scarce investment funds will be
required to increase the output and quality of advanced machine tools and
to use them more effectively. The record of the past suggests that success
in resolving these problems will be limited, and the Soviet Union will
continuc to look to the West for NC machinc tool technology.
i ) shrrenete
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Soviet Numerically
Controlled Machine Tools:
Problems and Prospects

Background

The major innovation in manufacturing technology
since World War I is the marriage of machine tools
and clectronics. The process by which this occurred
involved changing from operating machine tools by
hand 10 controlling the movements of the machines
through a scries of coded instructions transmitted
clectronically by a controller from directions con-
tained on cards, tapes, or—more recently—directly
from a computer.'

Numerically controlled machine tools are now widcly

used throughout the West, but Soviet industry has

been much slower in adopting this new technology’

despite the advantages it offers in:

* Greater productivity through increased production
rates and reduced scrap losscs.

* Better quality control by reducing variations in the
product caused by operator error.

* More Nexibility in changing from the production of
one product to that of another. ‘

* Greater accuracy and the ability to machine more
complex shapcs—qualities particularly vital in the
production:of missile and aircraft systems

The pace at which the Soviet Union implements
numerically controlled machine tools and other manu-
facturing technologics will have a major bearing on
the success or failure of Soviet efforts to resolve the
current cconomic problems through increased produc-
tivity. Moreover, the Soviet ability to match the West
in the development and production of more complex
weapon systems will depend in part on advances in
such manufacturing technologies as NC machine
tools. This study cxamines the Soviet development
and production of NC machine tools and manufactur-
ing systems, how Soviet industrial practices have
affected the use of such systems, and the rolec of
forcign technology and cquipment in Soviet develor-
ments in this arca

' Scc appendix A {or 3 morc complete description of numecrical
control technology

Soriet Stﬁ(egy in the Development
of NC Machine Tools

The Experimental Phsse

Sovict development of NC machine tools started in
1949, shortly after work was initiated in the United
States. By the mid-1950s, the Soviets reported the
development of a prototype milling machine operated
by an open-loop positioning system. The first proto-
types appeared in 1958, four years after similar
machines were produced in the United States, but the
technical level was well below that attained by US
and other Western machine tool manufacturers. By
1965, US production had increased to over 2,000 NC
machinc tools annually compared 1o 49 in the USSR
(figure I).

The rclatively slow development of NC Sovict ma-
chine tool production before 1970 was the result of
several factors. The Soviet clectronics industry was
backward, and this impeded the development of nu-
merical control systems and their application to ma-
chinc tools. Soviet machine 100! builders frequently
had to make their own controllers and other electrical
equipment. Early Soviet NC machine tool builders
thus concentrated on producing less sophisticated
machines [caturing open-loop controls. By contrast,-
the clectronics industry in the West played a very
prominent role both in the development of the control
systems and in their application to machine tools.

Morcover. the Sovicts followed certain traditional
patterns in producing machine tools, which impedec
the development of numerical control. They chose to
develop control systems as accessorics 10 existing
machinc tool prototypes. particularly lathes. The So-
viet approach was aimed at cventual mass production
of machinc tools dedicated 10 one application for their
entize lifctime. The West, by contrast, practiced




Figure 1
USSR and United States: Production of
Numerically Centrolled Machine Tools
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custom or batch production, in which engineering was
concentrated on producing more complex machines
designed specifically for numerical control and for
performing a variety of machining tasks—a process
better suited to long-range innovation.

A frequent complaint in the USSR was the absence of
a single coordinating body for numerical control
technology and the scattering of research and devel-
opment among different organizations. The dispersal
of research and development led to the creation of a

number of noncornpatible systems of numcrical con-
trol and conflicts between the rescarch organizations
of various manuficturing plants.

By contrast, non-US Western machinc tool manufac-
turers drew on onc another’s technology and on that
of the United States, the most advanced in the
numerical control ficld. Components such as control-
lers from one country could be fitted to the tools
produced clsewhere. Finally, Western governments
and private industry worked closcly together to devel-
op numerical control technology.

Series Production of NC Machine Tools

A major push to develop series production of NC
machine tools in the USSR began with the Eighth
Five-Year Plan (1966-70). Moscow appears (o have
followed a dual policy. To mect the needs of the
aviation industry and other high-priority military
users, the government called for the manufacture of
high-’prccision machines used primarily for milling
complex shapes. For the civilian sector, the major
emphasis was to be placed on less complex control
systems for cfficient mass production of simpler tools,
such as drilling and boring machines, lathes, and less
complex milling machines,

Dircctives for accelerating the development and pro-
duction of NC machinc tools on a nationwide basis
were issucd by Moscow in April 1968. To implement
the dual policy, the Ministry of Aviation Industry
{Aviaprom) and the Ministry of the Machine Tool
Building and Tooling Industry {Minstankopromj were
charged with the management of building these ad-
vanced tools.’ Responsibility for designing and pro-
ducing the control equipment was vested in the Minis-
try of Instrument Making, Means of Automation, and
Control Systems {Minpribor). The State Committee
for Science and Technology (GKNT), with the partici-
pation of the relevant ministries, was delegated the
responsibility of drawing up and approving a plan for

? Sec pp. 4-5 for 8 discussion of Aviaprom’s role ia NC machine tool
R&D and production




the coordination of R&D of unified systems employ-
ing numerical control for other types of equipment,

" such as metalforming. textile, woodworking, and
printing machinery.

R&D was centralized in a network of design bureaus
and research institutes set up under Minstankoprom.
The Experimental Scientific Institute for Metalcut-
ting Machinc Tools (ENIMS), the Ministry’s resecarch
arm, was expanded to include a number of regional
branches. These research organizations interacted
with specific plants and research organizations of
other ministries for the purpose of developing new NC
machine tool prototypes.

The Leningrad Electromechanical Plant (LEMZ), the
primary manufacturer in the new specialized control
systems branch of Minpribor. produced not only the
carly generation controllers for point-to-point machin-
ing. but newer systems as well for continuous-path
cutting or contouring. Some control systems were also
manufactured in smaller plants of Minpribor. The
Ministry of the Electronics Industry (Minelektron-

* prom) manufactured the clectronic subassemblies, and
ENIMS and other machinc tool rescarch organiza-
tions conducted R&D on machine 1ools supplicd with
controllers.

The USSR in the 1970s also sct up a nationwide
nctwork of computer centers, which were to develop
programs for the numerical controllers. Ten centers
were cstablished—nine for metalcutting machines
and onc for metalforming. Each center has been
linked to the plants in its region by telephone and
provides technical assistance to enterprises just start-
ing machining with numerical control

The new policy also included a major program to
import technology from Eastern Europe and the
West. The USSR signed cooperation agreements with
French, ., and : firms for production
of control systems, and with its East European allics
for joint R&D, production =f machine tools and
control systems, devGopment of a singlc programing
language, and an international programing network.
Finally, the USSR imported large numbers of conven-
ttonal and NC machinc tools, mainly from the West,
between 1970 and 1977

From the late 1960s 10 1975, the USSR madec rapid
strides in producing NC machine tools. By 1971
Sovict annual output exceeded that of the United
States. By 1975 about 30 Sovict enterpriscs, constitut-
ing a third of the plants in Minstankoprom. had shops
praducing this equipment. But most Sovict output was
concentrated on 11 of the simpler tvpe of standard
models of NC lathes and milling. drilling. and boring
machines. During 1971-75 the annual rate of growth
of NC machine tool production averaged 27 percent.
according to published Soviet statistics. but fell to 7 1o
12 pereent for the rest of the decade. The slower rate
during 1976-80 reflected the cutback in investment of
ncw plant and equipment for the machine tool indus-
try as a whole, which the Minister of the Machine
Too! Industry fabeled “incomprchensible.”

The program to expand numerical contro! was rcin-
vigorated in conjunction with the 1 1th Five-Year
Plan. In 1980 and 1981 alonec, 13 additional plants
began producing more complex NC metalcutting and
metalforming equipment. including multispindic
lathes. machining centers, grinders, profile milling
machines, and press-forging equipment.

Not surprisingly, the Sovict inventory of NC machine
tools produced in the 1970s mirrored the Sovict
conventional machine tool stock.
cstimated that 35 pereent of the NC machine tools
produced in the 1970s in the USSR were lathes, 28
pereent drilling and boring. and 22 percent milling—
by and largce simpler. gencral purpose NC metalcut-
ting tools adapted for use in the automotive, tractor,
and agricultural machinery building scectors. The
largest number of these machine tools were capable of
only point-to-point positioning—opcen loop without
feedback—with stepping motors and controls sct by
pushbuttons, plugboards, switches, or simplificed cy-
cles. Oaly the remaining 15 percent were advanced
NC tools capable of multiaxis contouring, such as
machining centers and complex milling machines.

'

#

' See appendix A.}M’
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Not until the end of the 1970s did the USSR also
stress the development and production of NC metal-
forming cquipment. Punch presses were among the
first metalforming machine tools to be equipped with
numerical control. and R&D facilitics from 1976-80
produced 24 prototypes designed for various special-
“ized operations. including hot and cold rolling of steel.
ring rofling mills, and other forge-and-press cquip-
ment. In 1981 the total stock of forge-and-press
machines in use in the USSR with numerical control
was only 265, compared to an annual production of
upward of 1.200 mectalforming machines in the Unit-
cd States

The USSR is currently producing prototypes of com-
putcr-aided numerical control (CNC) and direct nu-
merical control (DNC) machine too! systems. The
only mention of 100l machinery with CNC in'the
Sovict media relates to prototypes of 2 medium-size
lathe; the 16K20T 1. built with manual data input at
the lathe manufacturing plant. Red Proletarian. in
Moscow. There is also mention of copy grinders used
for finishing turbine blade acrofoils being designed
with DNC for usc in a group sctup operated by
computer dircctly. The Moscow branch of ENIMS sct
up the first DNC system comprising 14 machine tools
operated by computer in 1972-73, and it has since

- reported perfecting three additional prototypes of a
“new gencration” of D_‘NC. Jindi-
cates that three additional systcms are opcrating at
the Red Proletariat and Ordzhonikidze machine tool
plants in Moscow and at the Minsk Production Asso-
ciation for the Production of Automated Lines.

. During the past decade. the USSR initiated a pro-
gram to produce and use robots on a large scalc.
Sovict robotics technology. at least for industrial
applications, apparently is not very advanced. The
majority of the 2,000 robots that the Soviet Union
manufactures annually arc simple preprogramed ma-
chines uscd in work processing. Some complex indi-
vidual robots have been developed for usc in mining.
servicing of nuclear reactors. and dnlling in perma-
frost arcas. but there is no solid evidence that the
USSR is producing on a scrics basis servocontrolicd
robots capable of oncrating simultancously on three
different axes

.Sj(t.~

Finally, the USSR. one of the leaders in the develop-
mend and wse of nontraditional mctal-removing proc-
esses. including clectrochemical machining (ECM),
laser beams (EDM), and clectron beams (EBM). has
now applied numerical control 1o 2l thiee systems.
Production in this area appears to be only pilot scale.
however. :

The Role of the Aviation Industry in the Development
of NC Mazchine Tools _

The Ministry of the Aviation Industry played an
important part in the carly development of NC ma-
chine tools. as did the aviation industry in the United
States and other major Western industrial nations. As
noted carlier, Aviaprom was chosen as coleader with
Minstankoprom in 1968 10 develop NC machine tool
prodyction. Aviaprom sct up organizations that paral-
Ieled those of Minstankoprom. It had its own network
of rescarch organizations and design burcaus under
the leadership of the Scicntific Research Institute of
Aviation Technology (NIIAT). Its chief branch was
located in Moscow, with subordinate branches scat-
tered around the country. According to; )

" .|Aviaprom also had its own network of computer
programing centers

Aviapron: also operates the Savyclovo Machine Tool
Plant ncar Moscow, which apparcntly has manufac-
tured the NC machinc tools used in the aviation
industry. The products of this plant include both
mctalcutting end metalforming tools. including state-
of-the-art threc-axis vertical mills, four- and five-axis
plancr milling machines. and machining centers.*

The importance of Aviaprom: diminished, however, as
NC technology became more widespread in the
USSR in the 1970s. The output from Aviaprom’s
Savyclovo plant abviously constituted a much smaller
share of the NC machine 100! inventory as the
number of civilian plants producing advanced NC

* Sec appeadix C for 2 description of these machine tools
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machine tools with three or more axes increased to
13 and the total number of plants producing NC
machine tools of all types reached 50.

Despite the privileged status of Sovict industries
producing for the military sector—they are pro-
vided the best material and manpower resources—
Aviaprom appcars to have been no more successful in
developing advanced tool machinery than its civilian
counterparts. A recent Sovict monograph on advanced
NC mackine tools containing a discussion of Savye-
lovo and other evidence indicates that, in the 1970s.
NC machine tool innovations proceeded at about the
same pace in Aviaprom as in civilian industry. Early
multiaxis NC milling machines built at Savyelovo
were copied from models first produced at the Gor'kiy
Milling Machine Tool Plant in the l2te 1960s and
used widely in the civilian sector. Savyclovo's NC
machine tools. like those in the civilian sector, were

limited in the carly 1970s to open-loop operation. As '

the technological level in the machine tool field
improved and controllers with closed-loop capabilities
came into production in the mid-1970s, Savyelovo.
oo, built more complex machines. These included
plano-millers, machining centers, and movable gan-
trics with threc- to five-axis coordinate contouring
rath capabilities for milling large complex shapes
made of high-strength steel or titanium alloys.

Thc same problems plaQued both Aviaprom and
"Minstankoprom during the past decade:

« Managecrial shortcomings such as the reluctance to
install machine tools with numerical control.

» Slowness in the design and manufacturc of
prototypes.

e Technological shortcomings in the currcent gencra-
tion of controllers, computers, and other clectronic
componcnts, as wcll as shortages of machinery
hardware.

* A lack of trained programers and service personnel.

| . ) jAw’aprom's research arm,

NUAT. had to rely at times on civilian counterparts.,

such as the Odessa branch of ENIMS, 10 work out

special machine tool-building projects. Finally. like

yr’

the civilian sector, Aviaprom instatled Western ma-
chinery to fill production gaps. improve machining
quality, and hasten startup production.’

The Status of Multiaxks
NC Machine Tools in the USSR

£

Although the Sovicts have progressed in NC technol-
ogy. they are well behind the West in multiaxis
machine tools operated by advanced controllers and
computers (CNC). A small number of multiaxis NC
machine tools were produced at scven plants between
1972 and 1977, but these machines required careful
monitoring. lacked feedback systems, and were gener-
ally capable of achieving circular designs in cutting
only through successive point-to-point movements
around an arc—that is, “lincar interpolation.”™ Serics
production of NC machine tools capable of contouring
on three or more axes continuously, and of controls
suited for these advanced tools, was not fully under
way until 1977, Since 1977, six more plants have been
added {appendix B). Since 1972 the USSR has pro-
duced only about 1,400 machine tools capable of NC
simultancous contouring on three or more axes (scc
appcndix B). The estimated annusl production in the
USSR in 1980 and 1981 was roughly 300 of these
advanced machine tools compared to about 5,000 in
the United States and more than 7,000 in Japan. Our
cstitnates show that of the 20 models of multiaxis
machines introduced in the USSR during 1972-77,
only one-fifth were produced in the following five
years in numbers larger than 20 per year by Sovict
piants. and the remaining four-{ifths continued to be
produced at the rate of only 10 machines a year or
less—rates far below those achicved in many Western
industrial countries. Soviet technological lag in state-
of-the-art machinc tool production ts most striking
when comparing machining center output: in 1980 the
USSR produced only 70 machining centers versus
2.100 in the United States and 5.200 in Japan.

‘ The technical fcatures of this Westem equipment are not known.
Hence., it is not possible (o cstablish whether the equipment was less
advanced and therefore imported legally. or whetber it was ob-
tinzd in circumvention of COCOM embargo rules, since advanced
NC tools may not be shipped to Sovict and East European military
cnd-users. The machinery may also have been produced in and
cxported by Switzerland, Austna. or Swcden. which are not
COCOM signatorics

ret




i The USSR began series production of control units in~ 1960s to tolerate a level of accuracy in automated
“the late 1960s. Although no ligures arc available on machining lower than that for US and British
scries production of controllers for less advanced NC machines and 10 forgo the devclopment of an infra-
machincs, we estimatc that in 1978 the annual Soviet  structure needed for serics production of advanced
output of threc-axis control units was about 200 units. machinery. © -
Output of four- and five-axis units was negligible. '
Annual production in the United States in 1977 was 7 Technological Problems

‘about 1.600 three-axis controllers and nearly 1,000 When Western countrics moved into series production
four- and five-axis units. Sovict controller production  of computer-aided and NC multiaxis tools in the

probably rcached 300 units annually by 1981, con- 1970s, the USSR was unablc to follow suit because of:
comitant with increased NC machine tool produc- « Insufficient technological capability 1o produce con-
tion.* . : trollers, feedback systems, and requisite computers.

. . . i A shortage of programers and service personnel.
~Factors Coatribating to the Lag in Production of = The unavailability of precision-m: hined hardware

Multiaxls Numerically Coatrolled Machire Tools nceded for building these tools.  °

The difficultics that the USSR has encountered to

date in large-scale production of advanced NC - Coatrollers. The decision to concentrate on the pro-
machinc tools stem from a number of factors—policy  dyction of simpler NC machine tools led 1o the
decisions beginning in the late 1960s, the technologi- i
cal backwardness of the country. and systcmic fea-
turcs of the Sovict industrial system.

widesbread production of simpler open-loop control
systems. These were gencrally mated 10 machines
driven by clectric or electrohydraulic stepping motors.

. . o cmployed less advanced solid-state circuitry based on
~ The Sovict Government's decision in the late 19605 10 (ransistors and semiconductor diodes. and gencrally

devclop simpler prototypes and then mass-produce handled only two-axis lincar or circular positioning. In

them, making incremental changes along the way. not the late 1960s and carly 1970s, the Sovicts developed
only fitted in with the traditional approach to machine 3¢ Ieast seven of these first-gencration control systems.
building in thc USSR, but it also represented a
respons= to doubts being voiced both in Eastern
Europe and the West about the cconomic benefits of “# When (he USSR began series production of multiaxis
caomplex tools. A machining center. for example,

2 lools capable of simultancous contouring on three or
could perform a large number of machining opera-

i morc axcs in the carly 1970s (scc appendix B). a ncw
tions at-one sciting of the workpicee. but a aumber of  generation of controllers had o be developed. The
thesc werce relatively simple operations. such as drill- N33 and N55 controllers, which met these require-
ing. which could be more cconomically donc on a ments, were not produced until 1975 and 1977,

simpler and much cheaper machine. respectively, and then only in very small quantitiss.

. Thesc controliers had integrated circuits. like those in
"Adapting numecrical controls 1o basic models of gen- the West. By 1980 the USSR produced 15 modcls
cral purpose conventional machine 1ools required sim- capablc of multiaxis closed-loop contouring. By that
pler types of control such as open-loop systems and time the demand for controllers began 10 exceed the
stepping motors and much less complex clectronics supply. Since only the Leningrad Electromechanical
Plant in the civilian sector was officially charged with
controller production and was not mecting its produc-
,  tion schedule, machine tool manufacturers in the

n USSR began making their own controllcrs

3‘ <L

design. This decision involved a willingness in the late

* For an estimate of Sovict and US controller produciton (




rcport that Soviet controllers suffer
from numerous design and quality shortcomings, such
as poor resistance to plant environment, improper
tailoring to the requircments of the 100ls to which they
were mated. inferior workmanship, and poor quality
of the component parts. The controls are neither
reliable nor durablc; they are expected to function
about 5.000 hours without repairs, but thosc used at
the Sverdlov Machine-Building Association in Lenin-
grad, for example, failed after 200 hours. Three full-
time technicians were needed 10 service cight NC
_ machine tools at the plant

/Conlrollcrs also suffer from poor quality control and
manufacturing practices. The Soviets do not use
testing methods applied in the West to overcome
“infant mortality,™ th% period of carly breakdowns of
the equipment.* Their controlicrs appear to exceed the
normal Western rate of 1.8 failures per year because
multiaxis machines in the USSR are not used as
intensivcly. Components are often damaged because
of the heating and cooling periods associated with
considerable machine tool downtime

Soviet controllers do not yet cmboay the advanced
technology common to the West. The current genera-
tion of Sovict controllers lacks common Western
features such as “nonvolatile™ memory systems
(magnetic core). semiconductor memory (integrated
circuits), or bubble memory (a hybrid between
magnctic and semiconductor systems)

The Sovicts are still primarily adapting minicom-
puters rather than microprocessors 1o numecrical con-
trol. Microprocessor production in the USSR, which
began in 1980, is still only at-the pilot plant produc-
tion stage. Reports indicate that MICroprocessors are
only now being designed into new products. and it will
take a few years for scries production to get under
way. Even then, the Soviet machine tool builders will
have to compete with other industries 1o obtain
microprocessors for control units.

These problems with Soviet third-generation control-
lers. which are capable of medium-scale integration,
suggest why the development in the USSR of the next

* US producers of coatrol units. such as Cincinnati Milacron. put
the controllers through a careful program of testing . including the
ruaning of the machine and controller for 200 bours.

generation of controllers-—those that will have large-
scale (LS or very-large-scale integration (VLSI)
capabilitics—is going 1o be difficult.’ Such develop-
ment needs to be accomplished, however. if the USSR
is to expand its use of NC machine tools and incorpo-
rate them into groups of .machinecs as in automated
production or flexible machining systems.

7

Computers. Another factor contributing to the lag in
production of advanced NC machine tools was Soviet
backwardness in the technology. production. and de-
livery of computers in the 1970s. The Soviets expected
to mect only a fifth of their domestic needs for
minicomputers in the last half of the 1970s. The
production of peripheral equipment was in even worse
shape, as discs, line printers, and equipment for
remote processing were in great scarcity

In contrast, during the 1970s computers in the West
were rapidly applicd to machine tools in three ways.
First. small general purpose compulers replaced some
of the functions of conventional control systems in
individual NC machines (CNC). Second. a central
computer was uscd te feed programs direcily and
control a group of machine tools (DNC). Finally,
computers were applied to control specially designed
and integrated complex machin‘ng systems that often

_included robots.

Thus. while the majority of NC machinc tools now
being produced in the West are computcr operated,
only a fraction of the Soviet NC tool inventory has
that capability. The shortage of minicomputers held
back the integration of computers with NC tools. Tlhe
older generation of Soviet computers, such as the Ural
and Minsk series, were large and suited only to
gencrating simple programs on two axes because of

* The term “scale of integration™ has s double mcaning. On the onc
haad. it refers 1o strictly clectronic functions. The scale of integra-
tioa defines the number of components that have been integraied
into one circuit in the coatroller. The farger the circuit. the more
functions that can be handled. The range of functions that can be
handied reflects on the range of capabilities of the tool 1o which a
controller is attached. This leaads te the sccond meaning. namely the
complesity of the performance characteristics of the machine wol.
An NC machinc tool that is capablc of only two-axis point-to-point
open-loop movement has a coatrol with low-scale integration, A
machinc tool capablc of two- or threc-axis dased-loop contouring
czpability has a coatrolier with modium- 10 large-scake integration.




their limited memory capacity. Generally, at least
32.000-addressable units of memory (32K) are needed
to write a contouring program for three or more axes.
The M-6000 serics. 2 minicomputer introduced in the
carly 1970s and still widely used. has 32K total
memory, which enables it to guide machines with
threc axes. But because not all of this memory is
usable—a portion of the memory is used simply to
operate the computer—the computer is generally
employed with machine tools functioning with
medium- rather than large-scale integration.

The modernization of numerical control systems has
been held back also because of shortages in trained
personncel for maintenance and repair of control and
computer equipment and the complexities of program-
ing machine tools—a difficult and time-consuming
operation at the carly stages of the development of
advanced numerical control. In the carly 1970s, a
Soviet writer estimated that 50 hours were required to
preparc a program of average complexity, while cach
machine tool in usc in small- or medium-batch pro-
duction needed 200 programs on the average. As late
as 1973, most Sovict NC machines were still being
programed by hand, although computers were in wide
usc in the West. To overcome these difficulties. the
Sovielts sct up regional computer centers. as noted
above. The Soviets also failed to create a general
programing language, such as the Automatically Pro-
gramed Tool, or APT, developed in the 1960s in the
United Statces

Hardware. There have been serious problems in pro-
ducing and obtaining hardware componcnts for ad-
vanced NC machine tools. So widespread has this
problem been that it was readily admitted in a
machinc tool symposium in the USSR in 1981 that
half of the Soviet machining centers with numerical
controls are equipped with imported components. The
shortage of these components resulted from a produc-
tion system that was historically slow to respond on its
own to innovation and from the government's failure
to plan for the manufacture of such components

Motors arc a casc in point. The decision to concen-
trate on mass production of standard gencral purposc
machine tools fitted with numerical control also
meant mass production of simpler forms of control,

clectronics, and drives. Open-loop systems, character-
istic of these simpler NC machine tools, required a
simpler drive such as clectrohydraulic stepping
motors.” These were built in two plants. The introduc-
tion of machining centers and other multiaxis con-
touring machines after 1972 required the more sophis-
ticated servomotors, which can be integrated with
fecedback systems." There is still 2 great shortage of
these—the first major plant for servomotor manufac-
ture is still under construction. The Soviets also
neglected to establish a regular source for producing
permancnt magrcts, a key component in these motors.
Action on another key component, thyristors, was
taken only in 1981, when four plants were assigned to
manufacture them.

The Sovicts have also encountered difficulties in the
scries production of subcomponents for feedback de-
vices, such as transducers and resolvers, without
which losed-loop machine tool operations are impos-
sible. The failure to provide for production of these
kcy componeats, which have been imported. resulted
from the original decision by the Soviet Government
1o concentrate initially on large-scale production of
the simpler, open-loop type of NC machine tools. Nor
did the USSR centrally organize the production of
lead screws with bearings, or “ballscrews,”.a central
component guiding the movements of machine parts
along cach of the major axes in NC tools. Currently
only onc plant produces ballscrews for all of the
USSR. 1, the key
machines used in this plant to manufacture this
component were imported from the West because the
Sovicts lacked the precision equipment required to
machine these components

“ Stepping motors mc ¢ the equipment they control in discrete
increments from stan 10 1 fixed stop position. There is na correction
potsible in the movements.,

** Servomotors are small or large direct-current high-torque motors
with thyristors—1hat is. silicon rectificrs—-which, according to
command, change the specd of motors or reverse the motor action
in accordance with instructions coming from the feedback system.
This cnables the machine 1o make toof potitioning more accunte.




Finally, manufacturing shortcomings that have in the
past affected the reliability of conventional machine
tools arc plaguingfthe advanced tools as well. These

include:

» Improperly stress-relieved castings, which can cause
a machine tool basc 10 warp or buckle.

* Improperly hardened slides, which can wear rapidly
and uncvenly and cause a rapid loss in accuracy
after only several months of use.

« The traditional low quality o[ cutting tools that last.

. on the average, about onc-fourth as long as their
Western counterparts.

Other Factors Impeding NC Machine Tool Production
The participants of a conference held at Ivanovo in
the fall of 1981 on machine tool modernization agreed
that additional funds were needed within the
machinc-building field for manufacturing of ad-
vanced tools. despite Moscow's edicts calling for
greater machine tool modernization. Moreover, A. G.
Aganbegyan, a prominent Soviet economist and chair-
man of this conference, urged shortly afterward in an
article in Pravda that additional investment be shifted
at the national level away from such sectors as
chemicals, metallurgy. timber, coal, and land recla-
mation and into machine tool modernization. on the
grounds that the benefit from such funds would be
greater for these fields if they were put into techno-
logically improved and cost-saving machinery
Although these 1 ccommendations stemmed in part
from the vested interests of these “modernizers,” it is
cqually true that progress in modernizing machinery
and in acquiring the requisite capital and institutional
support was held back by powerful interests who
wished to maintain the traditional strategy of produc-
ing large quantities of conventional tooling. The direc-
tor of Gosplan's machine tool department. L. N.
Snovskiy, pointed out at the conference that Gosplan
had planned to double investment in machine tool
modernization during the 1 1th Five-Year Plan period.
He claimed, however. that pressures for maintaining
the traditional system were greater and more wide-
spread than those for innovation.

[n the USSR, production of advanced NC machinc
tools was also impeded by the absence of a large-scale
base of product specialization. In the West, machine

toolbuilding is carried out by a large nctwork of
independent firms devoted solely to the production of
machine tools and backed by a vast network of
independent firms furnishing specialized parts and
components. In the USSR, machine tools arc pro-
duced in a variety of multipurpose plants. less than
half of which specialize in machine tool production.
When even a major producer of NC machine tools
such as Leningrad’s Red Proletarian Plant must usc
some of its resources to produce thousands of mowers.
plants for whom machine tool building is a sidcline
can hardly be expected to have the expertisc and
interest in tackling advanced NC machine tool

" production.

Another factor impeding innovation has been the
scparation in the USSR between toolbuilders and the
manufacturers of clectronics and other components.
Computer and control system development and the
building of actual machines are usuvally closcly linked
in the United States.” In the USSR. production of
machinery and components has been parceled out
among four different ministrics, with Minstankoprom
being responsible for building the machinery, Minpri-
bor for control systems, Minelektronprom for clectri-
cal subassemblics. Minelektrotekhprom for drive sys-
tems such as motors, and other manufacturers for
various hardware items. Many problems in advanced
multiaxis tool production have resulted from this
division of labor, including constant breakdowns in
production schedules, design shortcomings. and the
development of systems unsuited to shop floor condi-
tions.

Morcover, established bLadgetary practices at the
plant level. including incentives. have proved disrup-
tive to tool modernization. Plant managers continuc to

“ In the United States, despite the fact that some multipurposc
corporaticas such as General Electric, Bendix, and Allen Bradlcy
supply US tool manufacturers with a considerable portion of their
clectronics and control equipment. a number of leading American
machine too! manufacturers, such as Cincinnati Milacron, Gid-
dings and Lewis. and Warner and Swascy. have their own special-
ized control systems manufacturing divisions. These produce instru-
mcnts for their own usc and for sale. American machine toof firms
have played an active role in the.development of controf units and
the adaptation of computers to machincry



‘ concentrate on mecting quantitative output goals set
by the central planning authoritics, and these goals
are more casily met by kceping older models in
production. This in turn discourages modernization.
Even Moscow's efforts to create a new incentive

structure, including special awards for innovation,
have not been cffective. Indeed, since such awards
make up only 15 percent of a factory manager's
budget, they are clearly not enough to provide a real
incentive to innovate or to deviate from standard
management practices

The high cost of electronic equipment in the USSR
also has served as a deterrent to product innovation.
In the West, electronic components are mass-
produced, and the cost of computers and controllers
has fallen drasticall: over the past two decades.
Reports indicate that in the USSR the price of
computers for machin: 100ls continues to be very
high, hovcnng around 100,000 rubles (approximately
$140,000 at the official exchange rate).” Controllers
also continue to be very expensive. As reported recent-
ly by the chief of Vladimir Machine Tool Plant’s
design bureau, his institution in 1978 purchased a
Razmer-4 control system for 120,000 rubles. The
system is currently still selling for 108,000 rubles. in
the United States, the cost of 3 computer-aided NC
multiaxis tool breaks down into 15 percent for the
control package including. computsr; |5 percent for
the drive packagc mcludmg motor and feedback
systems; and 70 percent for the machine ttself. The
clectronic components in comparable Soviet machine
tocls, however, constitute more than half of the total
cost,

Faced with such problems, only the occasional man-
ager would seize the initiative and undertake produc-
tion of NC tools, especially of the more complex
tyy<s. Those who were

ch.:rged with innovation often delayed NC tool build-

ing. stretching out the production of first prototypes
over half a decade or more. Some suspended work on
advanced tool development or preduction to meet
their regular production quota of conventional tools.

Plants that had already spent years developing mul-

tiaxis prototypes sometimes refused to £0 into scrics
production because of difficultics in opcrating and

" Average exchange rate in 1982

programing the tools, and the prolonged costs associ-
ated with these efforts. Others began series produc-

" tion but produced far fewer than necessary for cost

cffectiveness.

The Role of Foreign Technology

The USSR resorted to large-scale imports during the
1970s to speed up development and production of NC
machine tools. By decade's end. the annual value of
Sovict imports was three times greater than at the
beginning.

- Thesc imports served a number of functions in both

the defense and civilian sectors. At the beginning of
the 1970s, research organizations such as ENIMS
purchased foreign tools for testing and evaluating this
cquipment—in some cases for deciding on models for
future purchases from abroad. Machines and their
components were also imported for reverse engineer-
ing. The Soviets found, however, that reverse engi-
ncering of multiaxis NC machine tools was not
practicable, given the complexity of the machinery's
hydraulic and ¢lectronic systems

The failure to produce controllers in large enough
quantities for NC machinc tools with three or more
axcs led 1o sharp increases in imports not only of
control equipment, but also of NC tools and to
cxtensive efforts to acquire NC production technology
from the West. Machines, controllers, and other
components were purchased to aid production directly

“when:

+ Equipment that was nceded for startup purposes
could not be obtained from domestic sources.

« The limited use of the equipment made it inefficient
to develop and manufacture such machine tools
domestically.

» Similar models produced domestically were in short
supply and could not be obtained in time to mect
production schedules.

« Similar machinery was available in the USSR but
did not have the requisite quality
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Soviet Imports of Machine Tools From the West
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The USSR also has engaged in cooperative produc-
tion with forcign manufacturers. They sometimes help
directly in improving Soviet-manufactured machincry
or issuc licenses thdt cnable the Sovicts to produce the
machines, cquipped with key forcign-madc parts. for
resale abroad in Western markets. Cooperative ar-
rangements have helped Soviet designers and engi-
ncers obtain Western know-how and kecp Sovict
manufacturers abreast of Western innovations and
standards.

[mports of Multizxis NC

Machine Tools From the West

Western Europe supplicd more than four-[ifths of the
USSR’s non-Communist itmports of machinc {ools:
dunng the 1970s, ncarly half originated in West
Germany. Japan was also a major supplicr, while the
United States acoounted for a relatively small share
of the total (tablc 1)

COCOM controls on sales to Communist countrics of
continuous-path NC machinc tools with three or more
axes and very-high-precision machine tools kept Sovi-
ct imports lower than they might otherwise have been.
(Thesc commeoditics arc defined as “strategic.”) Fol-
fowing some relaxation in cmbargo controls in 1976-
77, howcver. Sovict imports of NC machinc tools
surged, rising from 17 percent in 1975 to ncarly a
third of the total metalcutting machine tool imports
from thc West in 1980." Almost half of the advanced
tool imports. by value. were machining centers

Austnia, Switzerland, and Sweden—not members of
COCOM —have beecn important supplicrs of ad-
vanced tools and control equipment. They produce

~ Numcrical control wes not applied widely in the Wt 10 metal-
forming oquipment until tbe late 1970s. Thus, conventional metal-
cutling z0d oxtalflocming tools made up the major shase of Sovict
ool muchincry impocts during the decade




electronic equipment, such as controflers and CNC
continuous-path NC machine tools with three or more
axes, in large numbers. The USSR has also made
R&D arrangements with these countries, the most
recent being a joint Soviet-Swiss machine tool work-
. ing-group to improve Soviet NC machine tools using
Soviet clectronics and computers. Information on
 Sovict imports of advanced tools from non-COCOM
nations is sketchy, but considerable amounts of ad-
vanced equipment, probably including some exceeding
COCOM guidelines, have been imported from these
countries. The Swiss, the leader among the non-
COCOM nations in the production of multiaxis tools,
ship half of their total machine tool exports to the
USSR. During 1970-80, Switzerland, Austria, and
Sweden ranked as the scoond-, seventh-, and ninth-
largest Western exporters of machine tools to the
USSR.

Although most Soviet machine tool and equipment

- purchases from COCOM countrics were within
COCOM guidelines, sizable sales of embgrgoed
cquipment may have passed through COCOM be-
cause of mistaken judgments on the equipment by
licensing officials, misrepresentation of their products
by exporters, bona fide differences in interpreting
COCOM definitions in the least restrictive sense, and,
finally, the willingness of some Western governments
to permit the sale of embargoed equipment arising
from differences with US interpretations on the stra-
tegic applications of the machinery in question.

Thus, the Soviets have been getting help where their
technology lag is most pronounced. As carly as 1967,
the USSR bought 300 NC machine tools from Alca-
tcl Company of France. Since then there has been a
stcady strecam of Western technological assistance in
the development and, to some extent, in the produc-
tion of such advanced NC equipment as machining
centers. In the early 1970s, the Soviets acquired
manufacturing know-how from Fujitsu of Japan for
the production of stepping motors. Since then many
agreements have been signed providing technology for
mating numerical controls with machine tools, the
preparation of NC program tapes, the computeriza-
tion of the tools, and fcedback and mecasuring sys-
tems. Recently a number of agreements have been
signed that extend numerical control technology to

other conventional machine tools in ficlds such as
blanking presses, plasma-arc welding, casting, plating,
and power generation (table 2).

How important advanced Western machine tools are
to the Soviets may be inferred (rom a comparison of
imports with domestic production. For example, the
USSR, which has been a major buyer of machining
centers from Western Europe and Japan, acquired
286 units during 1976-81 from Japan alonc—more
than the totnl Soviet domestic production during the
same period (table 3). 1

) Military Applications of Imported Western
NC Machine Tools

C ' ¢

. A 3 indicates that such procurcrﬁcn(
has been carried out by the Soviets since the carly
1960s. Some known examples include:

* Four hcavy-duty NC machining centers, probably
for tank turrct machining, were delivered in 1981
2

« Propcller shops of several Soviet navel shipyards
including Severodvinsk submarine plant purchased
computerized lathes, NC milling machines, and
profilers £ ’ B

- 2

¢ A high-precision, 230-inch NC gear-cutting ma-
chine &£~ =3 for usc in
manufacturing nuclear submarine reduction gears
was dclivered 1o the Soviet Union in 1968.

«{ ] NC chemical milling machines for production
of helicopter rotor blades probably have been in-
stalled in helicopter manufacturing plant 387 near
Kazan. RSFSR.
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« S~ot-weiding robot f__ Jand gear-cuttino
machine< and computcr-aidcd asscmbly tool:
__Tucrc installed in the 1970s in
three >ovict truck plants that produce both civil and
military vchicles.”

+ Automatic machine lool-£ jwcrc
installed in the Kalinin Plant, Leningrad, in 1976
fer the production of artillery warhcad cascs.

- An unidentified NC machine tool
ZJwas reportedly employed to produce
parts for the SUJ-25 bomber at Thilist Airframe
Plant 31.

[ruports of Multiaxis NC Machine Tools

From Eastern Europe

Eastern Europc has been a less important source of

Soviet imports of NC multiaxis machine tools than

the West. That area also fell behind the West in the
last decade in developing NC machine tool technol-
ogy. although East German numecrical control toch-
nology, which was the most advanced in Eastern

s O
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4

—

Europc, did not lag much behind that of the West in
the 1960s. East Germany produced its first NC
machine tool prototypes in 1964, and by 1970 it was
cxporting 80 percent of its NC tools to the USSR.
During 1971-72 the East Germans sold the USSR
almost 300 NC machine tools, although these were
hard-wired. point-to-point types. They opened a
machincry center at the Red Proletarian Machine
Tool Plant in Moscow to. familiarize the Sovicts with
the opcration of East Gecman NC tools and to train
Sovict technicians in maintenance and programing.
Morcover, East Germany also engaged in the carly
1970s in prototype production of advanced machine
tools such as machining centers and systems of aggre-
gated machine tools (FMS). [o the 1970s, however,
East Germany failed to move into serics production of
multiaxis NC machine tools and FMS. Although it is
not entircly clear why this happened, excessive con-
centration on cxporting carly-gencration NC machine
tools to the USSR and Eastern Europe probably
played an important role.*

= 1n 1979, foc cxample, E,z,u/Gém.-ny sent half of its tokal machine
100l output o the USSR




Table 3
Volume of Japanese Exports of Machine Tools to the
USSR, 1976-81 =

Unics

1976 {977 1978 1979 1980 1981 Total
Machining centers 2 17 62 50 76 9 286
NC-operated lathes 2 6 63 8 32 3 16 .
NC milling machincs 0 7 0 3 14 10 34
Profile milling machines 0 54 0 (V] 4 [+] 58
NC boring machines [1] 4 12 6 2 2 26
+ Source: Japancse Ministry of Finance customs clearance trade data.
A scrious cffort appears to be under way in Eastern agreement L ; for cooperation on ad-

Europe to close the technological gap. These countrics
currently have 10 or fewer multiaxis NC models, cach
in production, including machining centers. About

vanced tool manufacture. Bulgaria, which has re-
ceived extended help from Japanese and Western
manufacturers, has also agreed to ship more than 200

half of these are estimated to be operated by comput-  robots annually to the USSR.
er. Series production of controllers has now started in

East Germany, Czechoslovakia, Hungary, Poland,

Romania, and possibly Bulgaria. L. \ Outlook

the Hungarians arc ecmerging with the
most sophisticated programing and graphics modeling
in Eastern Europc? and Hungary, Czechoslovakia,
and East Germany have produced prototypes of flexi-
ble machining systems (FMS)

East Europeans are major supplicrs of conventional
machine tools to the USSR-—providing more than
60 percent of all Soviet machine too) imports—and
the USSR may be preparing them to become a major
source of advanced NC machine tools as well. In 1971
a plan was initiated for joint Soviet/East European
R&D, programing, and production of machine tools
and control systems. In 1979, Hungary, Poland, and
East Germany revealed plans for exporting substan-
tial numbers of microcomputers to the USSR. Bul-
garia has begun to export software, computers, and
peripherals, such as tapes and discs. Romania is said
to be shipping some three-axis machine tools that
have mechanical components and software imported
from the West. The USSR and Bulgaria signed an

Modernization of the machine tool sector is essential
for Sovicet industrial growth, because machine tool
quality is critical to the manufacture of complex
machinery neceded to increase productivity in Soviet
industry, The USSR has had difficulty, however, in
utilizing this new technology, and has lagged scverely
in moving from carly vintage NC tools to advanced
computer-operated multiaxis machine tools now
common in the West. Excessive concentration on mass
production of simple gencral purpose tools fitted with
less complex control systems as add-ons, the back-
wardness of the Soviet electronics and computer
industries, the rigidities of the Soviet industrial
system, insufficient numbers of trained machine tool
opcrators, engineers, and programers, and, more re-
cently, slowing investment growth have all impeded
innovation




The USSR now has one of the world’s major centers
for rescarch on machine tools. a nationwide network
of rescarch institutes and design burcaus, and about
50 plants producing NC machine tools. Mectalcutting
and metalforming tools and nontraditional metal re-
moving equipment (electrochemical, laser, and elec-
tron-beam machining) are being fitted with numerical
control. Some upgrading of the Soviet machine tool
inventory should be accomplished in the long run, but,
in the critical period of the 1980s, improvements are
unlikely to come quickly enough to be an important
factor in raising Soviet industrial productivity. Since
the late 1970s, the production of conventional tools,
still the backbone of the industry, has fallen largely
because in 1979 investment funds for the machinc tool
sector were cut 26 percent below that originally
planned. Although NC tool produciion was not
affected by the cut, 7- to 12-percent annual growth
during 1976-85 appears insufficient to take up the
slack. The 1985 goal of producing 5.000 advanced
multiaxis tools—up more than 12 times from the
current production of about 40C—is unattainablc.

Short on both conventional and advanced tooling, the
USSR may be required to rely as heavily on imports
as it did in the 1970s. How much imports arc
constrained by hard currency availability or by
COCOM controls is difficult to judge. Imports will
not be a cure-all, however. Dismantling of institu-
tional roadblocks, chahgces in traditional manufactur-
ing practices, and more discriminating allocation of
scarce investment funds also will be required to
increase the output of advanced machine tools and to
use them more effectively in increasing productivity.
The past record suggests that successes in moderniz-
ing the machine tool industry will be limited.




Appendix A

Numerical Control
Manufacturing Technology

Machine tools may be categorized as numerically
controlled (NC) types and conventional machines.
Conventional machine tools are those that are not NC
cquipped and are controlled by an operator. NC
machines are equipped with a control system that
operates the machine by means of numerically coded
programs fed into the system in the form of punched
tape, the playback of prerecorded operating programs,
or a computer.

The steps in preparing and operating an NC machine
tool are as follows. A part programer, after studying
engineering drawings of the parts that need to be
fashioned, visualizes the machine operations required
to machine the workpicce. A program is prepared and
“typed'’ onto a tape or card (or, in the latest genera-
tion of tools, into a computer). The program is then
machine scanned and converted into machine tool
movements by the control unit or controllzs {figurc 2).
Controllers may handle perforated tape, magnetic
tape, tabulating cards, or even signals that are sent
directly from computer logic or computer peripheral
cquipment such as disk or drum storage.

Numerical'control programing falls into two classes
or systems. The simpler method, usually used in
drilling or boring machines, is point to point or
positioning. The programed commands place the spin-
dle, tool, or table in specific positions and the tool then
drills or bores, for example. The tool does not touch
the workpiece while moving between positions. Also,
the tool generally moves along only onc or two axes
(hgure 3).

The more complex system involves continuous path or
contouring, a method used in milling, turning, and
grinding machines. In this method the cutting tool
moves along the surface of the workpiece, cutting the
metal into cither straight or complex, or even asym-
metrical, shapes. These movements are designated as

interpolation, and labeled as lincar (straightline
machining), circular (curved machining), or parabolic
(free-form machining used in shaping molds or in
sculpturing dies). ’

The control units may be coastructed for cither open-
loop or closed-loop operation. A closed-loop system, as
shown in figure 3, is essentially a method for checking
the operations of the machine tool and correcting
deficiencies. The movement of the tool table or cut-
ting tool is monitored through a feedback unit, which
may be electronic, mechanical, or optical. As shown in
the illustration, a gauge such as a transducer or
inductosyn indicates the position the machine table,
slide, or tool has reached in response to the tape or
computer demand and reports this finding back to the
control unit, which then continually compares thesc
signals with those given in the original command. The
controller thea gives new signals compensating for
any inaccuracies in movement, stopping the correcting
motion when input and feedback signals are the same.
Such measuring systems are essential where great
socuracy is required.

On the other hand, an open-loop system does not have
a feedback mechanism (see figure 2). Machines with
open-loop systems are simpler in construction and
require less clectronic circuitry. As a result, they cost
less, are cheaper to produce and repair, and require
less sophisticated control mechanisms, gauges, and
drive motors.

The features discussed so far are characteristic of the
first two generations of NC machinc tools. Generally
speaking, these tools rely on hard-wired control sys-
tems in which the configuration of the electronic
circuitry determincs the range of control functions
that can be performed.




Figure 2
Two-Axis, QOpen-Loop Numerically
Controlled System
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bigure 3

One-Axis, Closed-Loop Numerically
Controlled System

/

‘v Tupe reader

Opcratoc’s consolc

— Feedback

Recent advanoc:x in eompu technology brought:

Compoicrx also ma :
about by thc usc B

'ibl' duw numcdcal con-

“teansfer line or a’ﬂcnblc machmmg syttcm




BLANK PAGE




Appendix B

Soviet Multiaxis NC Machine Tools:
Types and Estimated Output, 1972-81

Model Number Trpc_'of Machine -Manufaclu—r;rm_ Year R:;x;ncd Esu;awd .NC‘l;m!' -Tnl—cq;hnon ‘ Control
in Production Productioa. Loop
e e e — e — = o A . e M & &8 e . 1911.8‘ —— —— -
Three-axis
contouring e e e et
6R13F3 Vertical milling Gor'kiy 1972 65 2PT-NY/3 Lincar Opcen
) S 915 . 10 N3aM Linear/circular Closed
6R13RF) Vertical milling Gor'kiy 1973 490 2PT-71/3 Lincar Open
__(with turrer) s 130 B N3}iM Lgnfn[/grcuhj_ Open
6520F) Vertical milling L'vov ~ 1973 40 2PT-71/3  Linaar Open
X — e N80 NBIM Linear/circular Open
PeS20F3 _  Verticalmilling _ L'vov 1975 .85 PTTY3  Linear - Open
1U6520F3 Vertical milling __ L'vov e M908 85 _N3UM _ Lincar/circular Open
6520PF3 Vertical milling L'vov 1978 65 NiIM Linear/circular Open
i (wilh 'nm) — - S ——— i mAran Ax mame— aa s e 4 maiieias EmE Aapmeimpr e st s s &
LF270F3 Vertical milling___ L'vov 1915 65 N3JIM __ Linear/circulsr Open
!.FZGOFJ Vertical milling L'vov 1975 &0 N3I3IM ) Lincar/circular  Open
LF260MF3 Vertical milling L'vov 1975 ) 40 NIMM Linear/circular  Open
{machining center) 1980 o s N332M Lincar/circular _C_lq_cd_
MATSSMF3 Vertical milling Sunkokon- 1976 25 NS52 Linear/circular Closed
t struktsiys e e
6305FA Planer milling Gor'kiy 1977 - NSS! Linear/circolar Open )
6B443GF3 Honzontal milling  Leningred ® 1977 > Nss2 Lincar/circular Closed
6B444F) Horirontal milling  Leningrad 1977 } R N5S2 Lincar/circular Closed
6B445F3 Horizontal milling  Leningrad 1977 25 .NSSZ Linq_l:(_circular ikzwi!_
IRS00MP4 Machining center  Ivanovo 1976 25 NA Lincar/circular  Closed
{drill, mill, .
bore horizontally) _ e o
IRBOOMF4 Machining center  Ivanovo 1978 Fewer than  ~a Linear/circutar Closcd
{drill, mill, v 5
bore borizontally) B . o
[R500PMF4 Machining center  Ivanovo 1979 5 NA Lincar/circular  Closed
(drill, mill,
bore horizontally) -
6S60MF3 Machining center  Ulyanovsk 1978 25 NA Lincar/circular Closed
(dnill, mill,
bore vertically)
6MG6I0F3 Planer milling Minsk 1978 20 Na " Linear/circutar  Closed
4532F3 Vertical milling Kirovakan 1978 10 NA Linear/circular  Closed
(profiling) }
MA2611PMF4 Horizontal milling Stankokon- 1978 20 NA Lincar/circular Closed
- struktsiya
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Soviet Multiaxis NC Machine Tools:
Types and Estimated Output, 1972-81 (continued)

(deill, mill,
bore honzontally)

Modc! Number  Type of Machine  Manofacturer  Year Reported  Estimated  NC Unit+  Interpolation  Control
in Production Proeduction, Loop
, . e e AL R e
1S16F3 Vertical wurning Krasrodar 1978 20 NA Lincar/circular Closed
SRS 4L E L N —— S
LR336F3 Hifilm!&l millingu Leniagrad 1979 B o NzSy_" ] __Lngc:r/crc?l_x_l_ _C_losed
6620MF4 Machining center Ulyanovsk 1979 10 N552 Lincar/circular  Closed
(drill, mill,
e e bore vertically) e e
6S40F) Machining center Ulyanossk 1981 Fewer tham  N5S2 Lincar/aircular  Closed
drill, mill, s
e .. borc horizoatally) ) s e o
2204V MF4 Machining center Odessa 1981 Cewer than  Rarmer-4 Lincar/arcular Closed
(drill, mifl, , 5
e OOtebofizontallyy e e
2254VMF2 Machining center Odassa 1981 Fewer than  Razmer— Lincar/circular Closed
(drill. mill, b
— borevertiaallyy ; .
Four-axis
m‘m —— S e e — . o em—em - com mitet mm se mmmar emis .
‘2623PF4 Horirontal milling  Leningrad 197 b3 ) NS§S2 Lincar/circular  Closed
- {machining center) ... 1980 S N3s2 - Lincar/circular Closed
6902PMF2 Machining center  Vilnius 1978 20 NA Liocar/circular  Closed
(drifl, milt,
_ . bore horizontally) e e o e e
6904VMEF2 Machining center  Odexsa 1978 25 Na Lincar/circular  Closed
dnil, milt,
o orchonzonwlly) e
KU3s2 Horizontal milling  Kolomensk 1980 Fower than NS§$2 Lincar/circular  Closed
5
Five-axhs
cmw{" — —— - —_ - e ———— ————— . —— -
QF‘B;SO~ Planer milling Got’kiy ey R N _Ns$s2 ___‘li_innr/dmlu___g}gsfq_m_” B
KM350 Vertical milling Kolomensk 1980 Fewer than N5§52 Linear/circular  Closed
5.
KU3$1 Verticai milling  Kolomensk 1980 Fowerthan  NSS2 Lincar/circular Closed
. b
IRI600MF4 Machining ceater  lvanovo 1980 Fewer than  Na Lincar/circular  Closed
(dall, milf, b
bore honzonlally) o B L
IR320MF4 Machining center Ivanovo 1981 S Na Lincar/circolar  Closed

* The controllers listed here are maaufactared in the USSR and
represent three generations of numenical coctrol units: the first-
generation 2PT-71/3 (open looped and capable of lincar interpola-
tion onlyY. sccond-gencration N33 1 (open looped) and N332 (closed
loaped and capable of circular interpolationk and the most recent
NS551.N552, and Razmer-4. which control machining up to five
axcs.
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® The machine tooks from Leningrad were manufactured by plants in
the Sverdlov Machine Tool Building Association.




Appendix C

Representative Soviet NC Machine Tools

o g T
4T
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Figure 4

b4
<

Numerically Controlled Lathe
Red Proletarian Machine Tool Plant. Moscow

The Red Proletarian Plant. ane of the lareest lathe manufacturers
in the world. buils its firse numcrically consrolled engine lathe in
1966 The 16K20F3 NC lathe shown here was develaped from the
gencral purpose encine lathe 16K 20, the basic madel Sor 40
varieties of mediunt-size lathes intended chiggly for batch produc-
tiva. The I16K20F 3 is a horizonsal enginé lathe capahie of contour-
ing simuliancousiv on two axes and opercted with an cicht-channel
punched tape. Tools are clamped in o horizontal six-station turret
Jor shaft ana chucking weck. A version is also manwfactured wich
the 100l holder in a vertical position rather than in a horizontal
pasition. The machine is currently operated by a Soviet controller.
the N22-1M_ which has onlv an open-loop capabilit

. Stanbiamprs Kevore
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Figure 8
Computer-Aided Numerically Controlled Lathe
Red Proletarian Machine Tool Plant

PThewio tfae terat saesant <o Red Pradetarian s general purpose engine
lathe te aperate by computer-aided auoernoal conteol -CNCo The

Sevsets displaved thes fiedt peatatipe. the 1AK X1 CNC Lathe, ot

she Dewpzig Fare in JYNT 3 number of machiaing peageame have
Seets toredd in the memears of the compuder aad the aperator
selests the appropriate procram dicectly oon the conteal panel at the
teeent o the machine Only g few machenes of this tipe have been
mevduced o date, ingluding one delivered 10O} Aveacisto Compans
-t Fenland '},4/ Neame vt Koo
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Figure 6

Numerically Controlled Drilling Machine Tool

" Stankokonstruktsiya Plant, Moscow

Drilling and bortng machine toals bare also been fitted with NC
Lo batch oe series preduction This mackine is a hoetzontal
deslling machine  the PA622F) bl at the Stankokonsiruk -
tvva Plant 1that sernves ENIMS . the centeal rescarch imsnitution of
the Sentet machine toul industes The machine was purchased in
1977 by the French firm Alcatel and outfitted with Western
numenical cuntrols The USSR alse buddds vertical deidiing mao-
chines wuh multiple spindle heads destgned for simultancous
machining of weveral holes 1n one or pare parts :

Manboame ot Moorra

e
A




gure 7

laner Milling Machine
_irov Machine Tool Plant, Minsk

a1e meachsne Lol (s nart of o serted of large plancr-pullcae
Jchines that are a specialts of the Kirov Mackine Lol Plont n
insh The machine. the 6M6IQF!, recelves ts name fron its
\emhlance 1o a planer The wewrhplece, which rests on the table_ 14
o against two vertical rotating cutters ot the appropriate \yeed
keve machines are designed for mlling laree waekpieces roquir-
¢ hedavy stk remaoval and coatouring I his particular mochine
et NC. but the plant produces o lene of plancr-mitllery wtih
acle cutting heads. such ay the 6A610FS_ that are operated by
s §oaperte s M biace, and §gnepmine Homm obe (ANS

«

2%




27

Fignre 8
Numerically Controlled Profile Grinder
Designed by ENIMS, Moscow

{n manwfactuning. grinding refers 10 the removal of metal by o
rotating abrasive wheel In this model, the MASOGF S prdile
erinder the wheel (s attached 10, and \pins around on. a vertical
sptadle The wheel can grind interior and exterior surfaces of
hellow or solid parts. The wse of numerical control enables the
wherel 10 cur W}lﬂh not wnly stralght, but also caomples, cured
swrface Stoabianyp st Kovars




Figure 9

Numerically Controlled VMachining Center
Ivanove VMachine Tool Plant

Tewrtule S
doe TR 1o
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s Chelg Tt et machines TR peear. e
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Figure 10

Numerically Controlled
Spark-Erosion Jig-Boring Machine
Dzerzhinskiy Machine Tool Factory, Kaunas

The USSR has also adapied NC to tools used for nontraditional
machining. This includes peecision machines such as the
4DT22AF3. a spark-crosion jig-boring machine tood whose three-
axis NC contouring capability enables It to machine-finish com-
plex shapes. such as those of dies and molds made of coaductive
material, as well as heat-resistans high-alloy and hardened 100l
steels. The tool is part of a fig-boring series produced at the
D:erzhinskiy Machine TSol Plant in Kounas. The Soviet Lithua-
man machine 100l indusiry has become an important prvdut(f}
precision and specialized small metalworking machinery

Stanlcxomprt Revtr




Figure 11

Coordinating Measuring Machine
Vilnius Division, ENTAMS

The USSR not conly had Aequn 1o manutaiture clesiremn «ompeo
acats fer \C temddv Aut bac applicd NC 1o davicet fre meciuning
prurtec One svuch device nm 16 preedape producisen o the K808
ceowdingte mearusing machine Thie (VN muliig e mochine coa
Ak vomipled machine havaae parts such as the one pictured [
veengead syt (adceporatey o macameuler. wRich caables (he
Jaty und the corrections 1o N fed haek direathe nte an gutamated
nreduittaa vwsteen These proatypes were Jesigaed aad built iq .-

{1thuama. a center [vwr precisian machoniag on the ( SNF

Nesabam oy M




Figure 12

Numerically Controlled
Forge and Press
Equipment

The U SNK has begun 1o de-
vedinr auenerieal coonteen meth
Jrorge-press cquipnient The wp-
pee phot shows the IRZTISP
heetfolding press. antended foe
headrag sacets up ta o thok-
aess of O 5 mm and o widih of
Sencters The lomer phater
Vhoras the ROID2JP NC tureer.
tipe minliuple-punch press,
coutpped with a turret holding
up tor 2N punihing Ly fore
making bedes of varicus sizes

und chapes
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