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SIMPLIFIED SYSTEMS OF PROGRAMME CONTROL
FOR UNIVERSAL MACHINE TOOLS

Ede Sador, Director, Development of the Machine Tool Works. Hungary

One of the problems encountered m preparing the
present paper wis the fact that the “level o industrial
development™ of the countries concerned must be con-
sidered a very large spectrum of deselopment. However,
depending upon the conerete fundamentals prevailing i
the various countries, 1t s not obligatory  for those
countries to undergo all the steps of evolution wliich
were experienced by the more mdustrialized nations dur-
ing the industrial revolution and in their subsequent
development. Rather. it is necessary Tor the deseloping
countries to become familiar with the current technology .
1o become initited to it and 1o introduce 1 into the
developing national industries. 1his procedure evidently
requires n addivion 1o the necessary investments  the
aceelerated education of specialists,

Ihe industries which provide the mcans of production,
including mechanical engineering and the machine-toal

ndustry, must receive top priority in the development of

the national industry. I this way, cach conntry may, at
the same time, salcguard its economic imdependence.

The current world-wide technical revolution tends in-
creasingly towards automation. The metalworking field
1s being revofutionized by programme-controfled muchine
tools. The highly developed, automatic machine tools
permit the orgamization ol standard-quality production
with only a eertain number of specialized craftsmen and
a larger stalf of trained workers, which hitherto could
only have been achieved by employing a large number
ol high-quality workers having umple experience.

This paper deals with the simplified  programme-
control systems for machine tools, Tt does not touch
upon the numerical controls of machines, machine
systems and production lines. Neither do the limitations
of this paper permit the discussion of detailed theoretical
principles. The aim is, rather, to present a methodical
review of the question, to outine the development and

stification of programme control, to introduce ome

examples of the control types which are currently being
apphed more widely and 1o draw attention to the
cconomic aind perspective features ol the question. At
the same time, this paper presents an account of the
industrial development and training of specialists which
have been achieved in Hungary,

L DISCRIPTION OF CONTROL SYSTEMS AND DEFINITION OF
THRMS

In the operation of machine tools, the working process

and its direction are to be discerned. Direction is an

operation by means of which the beginning or termina-
tion of a process. as well as the desired gquahity of its
progress, can be ensured. Two cases of the directional
operation are the control and the feed-back control.
Automation is the realization of the directional operation
by means of a directmg cquipment functioning inde-
pendently  from human mterference. Automation is.
consequently, the mechanizauon of the  directional
operation (~ee lig, 1),

Figure 2 summuarizes the tasks of aqutomation in con-
neston with meral-cutting machine tools.

Direction

|
] ]

Contro! Regulation

( open chain of action ) (closed chain ot action)

.
Manual Mechanical Manual Mechanical
(automatic ) { automatic )
i |
Automation
Figure |

RFLATIONSHIP OF 1HF CONCEPIS OF DIRLC TION AND AUTO-
MATION

r Basic tasks of machine tool automation ]
PR SR
[ Oeter mination of :peedA]

[ VR

U N -
[;rogramme !ormlhon]

- { Puf_-morungj

Determination of the Assuring
position of a point constant speed_J

.| Settng of the Assuring

co-ordinates prescribed

T speed change
L Sectional
control
Determination
of path
Figure 2
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The task of positioning 15 to detine the size vilues of
the co-ordinates which determine a point. or some points.
of a co-ordinite system. Detimtion of speeds means the
determination of the characteristics of yotating and ad-
vance mam ud secondary motons according 1o the
postulateof thetechnology. as well as theascertainment of
their occurrence. The programme is the prescription
detining the directed characteristics of the directed pro-
cess. s well as therr interconnexson. The connexions of
the directed characteristivs are defined basicalty by space
or time co-ordinates. The space-hased programme can
e 4 neat-mosement progrimme: in this cise, the con-
tour will be formed by a corresponding spatial placement
of the major cutting edge. In the case of a movement
programme combined with a programme tool, the shaped
tool with an appropriately long cutting edge has to per-
form only a unidirectional mosement (see fig. N
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(¢) In the case of programme-controlied machines the
composition of the programme is elastic, as regards the
dimensions of the movement-programme and the speed
values of the main and secondary movements belonging
to the sarious sections, as well as their interconnexion:
this  control  generally  produces semi-automatic
aperition.
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TyPEs OF PROGRAMMES, DEPENDING UPON BASIC VARIABLE

The programme  generally comprises  the  whole
machining process to be executed on one machine.
Direction in accordance with the programme of the
machine is cnsured by the automatic directing device,
i.c.. the programme-control equipment.

Depending upon the extent and elasticity of the pro-
gramme the following systems can be discerned:

(@) Cyclic programme-control systems serve for the
realization of certain typical vases ol the space-based
programmes. The cyeles are reitenitive process-sections,
built up identically of movement-sections of equal speed
and generally forming closed movement-circle (see lig.
4y

(hy The programme-switch control system 1s i more
complex system. 1f compared with cyele control, as re-
gards the variety of paramerers to be directed. In this
system not only the fengths of ways, but also the related
speed-values, can be programmed.  The continuous
conne of the process. however. 1s not automatic:

Figure 4
CHARAC LERISTIC MOTION CYCLES

The connexions of cycle control, programme-switch
and programme control are shown in figure 5.

Programme-control systems differ in the way in which
they communicate the programme data to the machine:
(@) in control systems with stops, the programme carrier
is the direct contact with the machine: (b) in numerical-
control systems, the programme carner is in indirect
contact with the machine. A control system with stops
requires manual setting of the stops.

The essential charactenstic of numerical control is
that the size of the characteristics of the directed pro-
cess  ways of displacement, speeds etc. - is expressed by
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Simplitied Systems of Programme Control for Universal Machine Toots

numbers. These are written by meuans of symbols of some
mode of expression on the programme carrier (wWhich
is independent of the machine) and are fed into the
machine throuvgh its directing equipment.

Figure 6 presents a wrther division 2t the stop-control
and numerical-control systems according 1o ther basic
operating characteristics.

System of
programme Stop control Numerical
comrunication (direct) (indirect)
Character
of task
Po:nt - pasition Positional Positional

and programme - switch
discontinuous Cyclic control

control Programme -switch

Programme control

(in free running)

Process control
(in tree running
and under icad)

Interpotsted
Copying or
computerized

Fath contro!

Figure 6
BASIC  C HARACIRISTICS OF MACTHNE-1TOOL DIRECHONAL

FQUIPMUNI

This paper aims at the review of simple programme-
control svstems. Stop controls are considered simple
progranme controls, as in their case no special com-
mand-transter {code and logic. cte.) systems are needed
For the determination of programme commmands and for
the realization of the directional process.

Tl BRI SURMVIY OF TUHE DEVELCPMENT O MACHINE TOOLS

In the development of machine tools there are three
nuin periods to be diveerned; there 1~ howesver, a very
ntense temporary ovarlapping ot these periods. The
first period was characterized by mechanical devices and
the second, by the combmed (mechanical, hydrauhc and
clectricy solutions and controls connected with weak-
current electronies. while semi-conductor techmques are
ilustratisve of the third period.

In the first period (up to approximarely the 1920%),
the development of machine tools tended towards the
satsfaction of the continually widening circle of techno-
togical demand by means of increasigly mechamzed
and motorized apphances in the field of universat machine
toods,  After solving the mam  displkicements of the
machines by central drive. the power engane. the tirst task
was the mechanical feed of slides and tables. individuat
drives and mechanicul maim and sccondary drives, as
well as different mechamical disconnecung stops and
devices for the disengaging of mechanical feed, were
created through the development of metalworking tools
and the trequent atteration of the technological para-
metars.

Considerable economy in accessory time has been
realized by one-arm controf systems and the so-called
“eontrol stick™. The second half of this period was
churactenzed by mechunically constructed pre-selection
cquipment. which permits the pre-selection of the techno-
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logicat values of a following operational sector during the
effectuation of the technologies belonging to the various
working sectors. After finishing a certiin operational
sector, the technotogical values refating o the new sector
can be communicated 1o the metidworking machine with
one single phase by setting g handie into action.

In the second peniod ol development (until the 1950°s
and continuing up to the current time). control sofutions
were found suited to the continuous automatic direction
of the complete machining process 1o be performed on
the machine. 1t 15 no loanger possible 1o satisty these
requirements economicatly by merely applying mechani-
cal constructions. Various  hydromechanical,  electro-
mechanical and other solutions ure being applied. as
mixed systems prove most expedient in the specific cases.
Hydrauklic copying attachme: '~ were evolved and have
promoted the automation of the processmg of shaft-
shaped and other contoured workpieces. Various pro-
grammable maimn and secondary drives  to be switched
under load  have been developed i order to ¢hange the
technological parameters belonging to certain sections
of the automatic working process according (o the pro-
gramme. Semi-autonutis machine tools with progrumme-
switlching psing various position sensors and stops, s
well os with programme-control provided  with it
stops, serve to ensure the contmuous automition of the
complete machimimg process. Fhese machines  although
having o umversal character can be emploved mos!
ceonomicatly m farge-batch production.

The demand Tor automatic machimimg equipment which
can be employed cconomicalty in indnaduat and small-
and medium-batch production tivs the foundations for
the third period of development (which began in the
1950°s); this period s characterized by weak-current
technigues and semi-conductor techmques. Governing
systems using these techmigues perform the positioning
and the setting of other technotogical parameters accord-
ing to numertca! mtormanon. Automatic tool-changing
mechamsms and tool-pre-settimg eqnipment have been
developed for smalk-batch production. Automatic pro-
grammings have been originated m-order o diminish
the preparation ol the programme: and, in order to
reatize the mechanization of the delinttion of the optimal
technology und the different systems of programming,
languages have been developed.

In summation. the devetopment of machime tooty and
their control has always been brought about by the
demand  Tor increasing productivity  and  economical
machining. The equipment employed was always charac-
terized by the technical tevel of the given period.

H1 TECHNOLOGICAL JUSTHICATION AND POSHL LATES O
TECHNOLOGY
The necessity Tor and technological justification of
programme control ¢cun be ascertained by an examina-
tion of the production time. The production time (Ty)
related to the machining of one workpiece is composed
of the following time elements:

T| == 1 I N
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where 1, preparation ume. fy  main machinirg ume,
o subsidiary tme and 1, tme for technwal and
organizational servicing of the work-station and tost
time.

One must consider the fact that only 20 25 per cent ol
the productuion volume of the industrialized countres runs
m farge batches ormn s production. The renunning
three-yuarters of the mechancal-engineering praduction
is carried vut ndividuatly ormsmatior medium hatches.
This fact emphasizes the necessty of autonating the
machine tools used for ndivedaal, small- and mednm-
batch production. Js well as of creatng machine tools
which are adapted to such production conditions. 1
one substitutes general practical values n the formula
given abhove. one ohtains the following results (in per-
centage) for small- and medium-batch production on
unnversal machine tools:

T, & I L ls
10 (42 (204 (50 700 6 %)

Thus., 1t 1v obvious ihat 2 40 per cent of the ume 1
employed for the machining process. while 50 70 per
cent of the produciion e i allocated to subsidiary time.

By automating the subsidiary operations and per-
torming them multancousty with the machining. the
productivity can be considerably mereased. Lipon exami-
pation of the tme-fractions employed for the different
clements  of  subsidiary time. one finds, for virious
Liachine tools, the following data:

{ay Control of the machine (0.3 0.7y 140

by Clamping and unclamping of the workpiece (0.1
045 14

(¢} Tool change (0.1 015y

(d) Measurmg (0.06 0.25) £y

These duta provide roughly outlined information ahout
the Lashs to he solved and the technological and eco-
nomic need tor automating the subsidiary time clements.
Considering 1a” the yuota of subsidtary time employed
for controlling purpes: iv decidedly high, the primary
atm of the development of machine constructions CONSIMS
m thar reducthion, and this tendency manifests itsell,
i the case of small- and medium-batch production. in
the propagation of the different sartants ol programme
controls. Another possibility of reducing subsidiary times
s the mtroduction of grouped machining technology:
this is an effectne technotogical medium of the produc-
fon provess not only with manually controlted machine
ools. but also with those which have been automated to
a certain level

Technology puts vanous demands upon the machine
isell, as well as apon its control equipment.

!’rngrumnw—uuurnllcd machines must — as a matler of
conrse  possess the wehnicl  charaeterises of the
traditional nuchmes. Pt they must abso have increised
aceuracy and rgidity.

|’rngrummc—cumrul cquipment must he able to direct
The viFiots movements, 1.6, perform the positionings
wil., adeguate aeeuraey. direct the switchings of speeds
and the different units s needed s and it must. i com-
phance with the foregoing, possess im appropriate pro-
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gramme-storage capacity. Ttis a postulate, furthermore,
that the programme should be prepared at minimal
cost, but it must be cusily alterable. 1t is an important
requirement that the possibility of manual intervention
Jdhould be guaranteed i order to modify metal-cutting
Jduta and to correet tool wear.

1V, I NAMPLES OF STOP CONITROLS

A. Discontinuous controls
As an example of cyelic control. a bricf description of
an internal-grinding machine model K L-100 (see fig. 7).
which was developed and is produced in Hungary. 15
g ven below.

Figure 7

SEMLI-AT TOMATIC  INTFRNAL-GRINDING MACHINE, MODEL
KL-100

This machine is suitable for the manually controlled
or semi-automatic cyc\e—cnnlm\\cd machining of passing-
througn and bhind holes. Setting of working cyele con-
oists of setting the respective positioning stops and the
welective switches ol the electrical-control equipment.

in accordance with the pre-set working cycle. the
machine performs the following tasks: rough grinding.
automatic dressing and compensating of the grinding-
wheel. switching from roughing to fimshing and slopping
automatically atter having attained the pre-set size. Al
the end of the cycle. the grinding shide runs in its imtial
position: the cut s automatically interrupted: and, after
changing the worhpiece. the next cycle can be started
with the push-button. The machine is clectro-hydraulic-
ally controlied and it performs this fixed cycle continu-
ously (see fig. 8) with such amplilications as are pro-
vided for by the pre-selection switches, ¢.g.. the setung
of single or double dressing ete.

Perception ol the final Wize can be elfectuated in three
different ways:

(@ I only normal aceuracy i needed or a blind Tole
is 10 he ground. automatic differential measuring cin be
applied. This means. essentially, that the machine —
heing controfled by the pre-set stop automz ticaily

s
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dresses the mantle of the grinding-wheel 9.05 mm belore
reaching ihe final size. The machine grninds the 5.5 mm
after the dressing position:

(hy When grinding a larger number of workpieces and
passing-through holes. a size-gaugimg control is advisable.
s essentials are as follows: the gauge enters the ground
hole when tinal size s attimed and sends o sgnal in
order to stop the machine:

te) Active measuring equipiment an be applied in all
grinding cases, its subsamee bemg the following: by
means of the gauge ol the measuring equipment, which
is extended inte the hele. the diameter of the ground hole
i lelt continuously. The control switches automatically
from roughing to fimishing, according 1o the pre-selected
technology, and stops the machine alter having obtained
the finai size,

t
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¢ reverse
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_Finigh
grinding

Rapid } t (cy“le time)
I

Sparking-out

grinding-whedl
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sing of i,
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- Rough
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Figure S

CYOrt DIAGRAM OF SEME-AT TOMATIC INTERNAL-GRINDING
MACHING, Mopgt KE-100

Loadiag equipment can be inserted in the automatic
cycle and mounted on the machine. thus ensuring its
wholly automuatic operation,

As an example of a program.ae control with stops,
figure 9 shows o programme-controlled mulling machine.
Maodel MUT =320, which is produced in Hungary

Ihe machine can be operated as a basic type or with
b contron, or it can be programme-controlled with
Pinch cards,

O the hasic machine starting of the milling spindle,

401

Figure 9
PROCRAMME-CONTROULTD MINTING MA 1IN,
Mom MU -3

its braking. 1ts feed or the rapid motion of any part of
the tuable can be switched by means of push-buttons,

Various cyeles or yimple programmes can be set i all
three dircctions on the evele-controlled machine by means
of stops and switches.

With a simple cyele. the table returns to 1ty imitial
position after huving pesformed the machining process.
In the receding cycle. the workpiece retires Irom the tool,
thus ensurmg that the tool Ieaves no seratch marks on
the workpiece during the raprd reversion of the table.

Two workpieces can be clamped simultuncously on
the table i the pendulum type of evele. and the machine
automatically switches the rotation of the main spindle
according to the placement of the table

The machine automauically switches the necessary
mosements of the table when exccuting a simpler pro-
gramme. ¢ g milling all sides of Trames, and 1t stops at
the end of the programme.

In the case of punch-card control. the punch card s
prepared according to the determined technology and
the plug-tield s plugged in conlormity with the card.
The machine automatically performs the programme fixed
by the plugs The programme can consist of forty subse-
guent sectors,

Any diserete placement ol the machine can be obtained
within cach sector by switching fourteen different ir-
cuils accordimg to an appropriate combimation. The pro-
gramnie board s thus o switching field consisting of Torty
rows of contactors, fourteen m cach row, with their over-
all number consequently beig S60.

The fourteen programme pomts of the programne
board are. from left to right. the Tollowmg: A, nuun
spindle to night: B.omam spindle o left: €, traversing
shde 10 night: Do otrasersing shide 1o left. B, cross-shde
advance b cross-shde retire: Gioknee up: H, knee down
J. change of feed and rapid motion in similar direction:
K. rapid motion: I, slow motion: M. change of speed
of main spindle und feed: N, stepping device in linal
position: Q. change of group. by stops.
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When changing [rom one programme section 1o the
next during operation, the stepping device known from
telecommunication technigues  isactua ed by the imputse
supplied (rom the position switch, which itsetl' s operated
by a stop lastened o the preserihed spot. The stepping
device switches out the respectise horizontal row ol the
programme licld by meuans of its wipers and switches on
the undertying row. The stepping device has twenty-live
are termimads, and 1t executes one imterval at cach im-
pulse. which means the changing oser from one row to
the following one. One unit of the manual plugboard
having twenty rows, the stepping device sieps the surplus
five terminals automatically in open cireuit.

Two groups of stops can be emploved on the machine,
evidently by emiploying two stepping devices also. Only
one group. however, can operate it one time; the stops
helonging 1o the other group remaining inelfective des-
pite their impact. When orogramming a change ol the
stop groups, the position switches and stops ol the other
group can mfluence the switching. Such a separation of
the stops ensures the possibility of operating the second
group of position switcbes in some other programme row
and advancing in the same dirgction, after having finished
a certain milling operation: thus, it will be possible to
machine tongitudinal sizes differig from those of the
previous milhing.

I an accurate stoppage is required at the end of a
certain programme section, this should be programmed
by the plug t. slow motion and. in such cases, the
table stops within a runge of - 0.03 mm.

The machine can effectuate any desired number of
rapid-motion feed changes within one programme see-
tion. that is 1o say. within similar direction of the lable,
by employving plug J (the number is limited onty by the
geometric sizes of the stops). Two main spindle speeds
and two feeds can be emploved according to programme:;
one of these can be set on the machine, with the speed-
chinge dise, white the setting of the other is effected in
the programme box, ‘These can be interchanged option-
ally by means of the plug M.

Plugs A and B. which determine the direction of rota-
tion of the main spindle. eficit the braking and re-starting
of the motor within the identical programme sector.,
Shoutd the machine have completed the operation which
comsisted of onty fonrteen sectors, it stops at the end of
the Tourteenth sector: from the fifteenth row of the pro-
gramme board. only piug N is needed to unreet the step-
ping device inte its il position,

Fhe machine stops after having completed a whole
programme operation and its re-starting is elfectusted
by pressing the starter-button ol the eyele.

B. Puath control

Contonring tashs can be solved without a measuring
sslem by means of copymg systems, These systems
ensure. at a preseribed acenracy, the relative position of
the workpiece and the toel along a plane or space curve
determined by some temphite, thatis to say: they control
the posttion.

As regards ther operational principle. they can be

Fde Sador

divided in two main groups: (@) continuous operation;
and (A) disconunuous vperation.

In contmuous contousing, the gauge touching the
emplate gives @ continuous signal and the movement
of the tool (or the workpicee), that s, the controlled
charagteristic, 1s continuous afso.

i discontinnous systems, the gauge gives signals only
In case of those placements wiich are simular to diserete
placements of the controlled characterisue. Discontin-
zous svstems are mamfy emploved on milling machines
and on mifling and boring machines, whereas continuous
systems are freguently found on fathes, because of the
smaller bend radius of the tool.

From the point of view of the control direction, the
copying attachment cin be one- or two-dimensional. The
executing system used is most frequently hydraulic.
electric or electro-hydrautic.

A semi-automatic copying  ithe, Model EM-250.
which is produced in Hungary. bas cyclie control with
stops also (see fig. 10).

Figure 10

SIEMISAUTOMATIC COPYING LA THE, MoDEL EM-250

This machine was constructed For the machining of
shalt-shaped workpicces with diameters ranging [rom 18
1o 40 mm. Hs main dine has eight stages, two of which
can be programmed automaticatly by means of a change-
speed motor,

It possesses an infinitety variable feed range. hn addi-
tion to the pre-selected feed, two additional leeds can ke
programmed: one for the bisection of the feed when
machining shoulders: the other for finish copying.

The cycle-controlled  hydraulic copying attachment
mounted on the carriage can execute five roughing and
two limsh-copying phases. Feed can be effected only in
direction of the minin spindle. and it has a rapid reversing
motion,

Figure 11 shows the structure of the eyelic control.
The copying attachment has one muin gauge and one
secondary gauge. The secondary gauge, No. L touches
the stops. No. 2, for depth of cnt, according to the pre-
selected depths of cut ol the roughing phases. These
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SKETCH OF CYCLE-CONTRCLLED COPYING ATTACHMENT
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stops for depth of cut are situated in an easily extractable
flapper which can be set autside of the machine.

The snap-switch, No. 3, which is located under the
main gauge, init ates, in the roughing phases, the revers-
ing of the copying slide when the gauge bumps againsi
the shoulder of the template (the magnet No. 4 releases),
and it also initiates the reversing of the carriage. During
the reversing of the copying attachment. the ratchet
motion stepping mechanism. No. 5. lifts the next two
stops for depth of cut into the impact plane of the
secondary gauge.

The snap-switch, No. 3, is ineffective in the rough-
copying or finish-copyiag phase. Reversing of the copy-
mg slide and the rapid retraction of the carriage are
switched by the electric position-gauge. No. 6, which is
Actuated by the carriage. This construction shortens con-
siderably the programming time. because the template
iselt serves as a longitudinal stop. Switching of the bi-
sections of feed when machining the shoulders ir; the
copying phase is also effected by the template. In the
conrse of programming, only the following organs have
to be set: template. stops for the depth of cui: pre-
selected main spindle :peed: and basic feed.

The necessary numbe: of phises for the machining of

one workpiece can be set optionally for either the rough-
ing or the copying phase. Such pre-selection and setting
Is also possible when only a copying phase is inserted
ito the machining of the workpiece.

V' ECONOMIC APPLICATION OF PROGRAMME CONTROLS

Machines belonging to the same type. but possewing
dtfferent control levels. have, respectively, specitic tield-
of applicatian in which they can be employed with the
optimum efliciency. The technical conditions of applica-
tion have to be ensured primaniy. The operation of
machines with a higher level of control sets up continu-
ally greater claims on the works organization and on
the technical standards of the whole tuctory. in propor-
tion to the complexity of the control (e.g.. technological
matters, tooling, production programnung, ¢tc.)

“Rentability™ of production means essentially to pro-
duce high-quality products at the least possible cost.
It cannot be decided. in general. which batch size mukes
a certain. machine with a simple programme control
econamically preferable. in comparison vith o nanually
controlled unwversal machine or with 1 machine of some
other control system

Individual calculations have to be made. Those parls
of the production costs which are influenced by the dif-
ferent types of machines must be examined.

Figure 12 shows the different components of the pro-
duction costs and refers to the changes 1n the proaportions
of the costs when comparing programme-controlled
machines with manually controlled types.

In order to presznt an exzmple. a determination has
been made of the production time of the workpiece for
a universal centre lathe (see fig. t3a) and for the semi-
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COMPONINTS O THE PRODUCTION COST 01 0Nt WORKPIECE (K ()2 TREND Ot CHANGE IN COSTS WITHLUSE OF

PROGRAMME-CONTROLLED MACHINES

antomatic copying tathe Model EM-250 (shown in fig.
(). which has cvele controb,

Pigure 13b illustrates the production time. 7, in the
function of the batch size. 1t can be observed that the
ovele-controlled copying lathe s more proc ive il the
batch contains more than approximately eight pieces.
Frgnie 3¢, however, draws attention o the fact that
only m case ot on IS can a real cconomie profit be
expected of the semi-automatic, eyele-controlled copying
lathe. This s due 1o the differences between prepiration
fmes. wages of 1the operator, prices of the machines and
ather madental costs (see fig. 12).

I the case of the previonsh reviewed internal-gnndimg
machine (odel KE - 1001 ey chie-control sy stem and into-
Mt measurmg reduce the production time ot one work-
prece tosachan eatent that the employment of the stop-
con trotied madchine v ccononical, notwaithstanding s
figher prce ad s mere evpemsive operiion. evenin the
case ob vy sl et 1o ten paeces) hatches, Gauge
control Lases somewlu the preparation me o the K1
fvpe ob machime and s estends the b ol the econ-
omiedl Bt seze To ahont inenty Lo Iwenty-five pieces,
Phe KE Bpe of machime s more productise i grmdmg
Bores of. ¢ e 28H6, ceen Tor ine preces or upsards cand
the production tme dimiishes by 3 per centaf the bateh

comprises twenty workpieces. As regards economic feasi-
bility, the employment of this machine is advisable for
batches from ten pieves and upwards.

Both types referred to in the examples can be operated
according 1o the system whereby several machines are
handled by the same operator.

There are. of course, several lactors in addition to
those already mientioned which exert considerable influ-
ence on the problem of application. As mentioned
before. the advisability of adopting some machine with
one or another advanced control is decided mainly by
the technical level of the production. As the level ol the
adopied control iereases, the intellectual performance
cspected ol the operator decreases, but in this case, the
1asks concerning the technical preparation of the produe-
ton also show a considerable upward tendency. There 1s
no doubt, however, that  under appropriate conditions

the productivity and “rentability™ of the production, as
well as the imterchangeability of the machined parts,
can he substntially increased by the employment of
nuichines with simple programme controls.

V1. ConcrrsioN

This paper has deualt with control systems belonging
to the second period of the development of machine
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EXAMINATION OF THE ECONOMICS OF SHAFT PRODUCTION

tools—more precisely, to the last phase of this period.
Simplified controls are being increasingly employed in
the metalworking industry. The trend of future develop-
ment points towards simplified constructions, increased
operational reliability and further improvement of the
ratio of unproductive and productive (machining) time.

Although this paper does not take into consideration
the numerical controls which are characteristic of the
third period of development, it is, nevertheless, necessary
to point out their progressive importance in revolutioniz-
ing small- and medium-batch production. A tendency
towards simplification is to be observed in the realization
of numerical control also. Considering the great number
of types of numerical controls which are available, great
importance must be attached to international unifying
and standardizing activities.

Hungary has alsoendeavoured to pass on its experiences
to the specialists of developing countries, in the forms
mentioned below:

(a) Hungarian experts have installed industrial equip-
ment delivered to developing countries and have trans-
mitted their own operational and handling experiences;

(b) Several specialists from the developing countries
have taken their degrees at Hungarian universities and
this programme is continuing:

(¢) Hungarian lecturers and professors have travelled
to several countries, at the invitation of those countries,
in order to promote the education of specialists,

Within the bounds of its possibilities, Hungary wishes
to continue to serve the accelerated technical evolution of
the developing countries.








