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Pracs ical Vireotions

The process of industrialization is now taking place to a greater or lecser
extent in almost all countries of the world, and one of the most striking nanifes-
tations of this prooess is the widespresd establichment ~f sachinery oconstructinn
and metalworking undertakings, together with modern piants for the overhaul of
oquipment and the production of spare paicts,

Although the production of machine tocle ie still restricted te o limited,
aldeit constantly growing, number of countries, the demand for machine tnols has
become world-wide, and many countries have to import such machines on an inereasing
scala,

It is very important for technicians inm such oountriss to be in a position
to make an expert evaluation of the quality of imported machine teels and to oom—
pare frem test results the quality ¢f similar teole produced by Aifferent factories.

The purpose of thess practical directions iz to enable suca technicians to
arrarge for the examination of machine tools on receipt in such a way as te secure
an objective evaluatien of their quality, beth by carrying out appropriate teste
and by evaluating their design and quality of manufacture from the point of view
of the machines' ability tc afford the recuisite precision in production work and
to retain their imitial qualities cver a long period of use.

We have deliberately avoided recommending exceesively complicated tests and,
in particular, tests calling for the usc of complicated measuring instrusents
which are usually available in the factories where the machine tools are produced
but are not available to the coneumere o7 the tools,




In a number of cases it i proposed that evaluation should be carried out
without any measuring at all, since testing with complicated apparatus would be
feasible only in a special laboratory staffed by highly qualified techniciane.

The programme of tests specified in these directions is not obl.igatory in
all cases, and in practice i. ir necessary to decide in each separate ocase whioch
tests should be applied,

The individual tests described in these directions are applicable mainly to
widely-used machine tools designed for the machining of various parts made of steel,
cast iron, or non-ferrous alloye and for effecting various different machining
operatione. In the cace of specialized machine toole, and particularly in the case
of highly epecialized tools, testing is effected by carry.ng out the operations for
which the machine tool is designed, thus onabling an evaluation to be sade of its
productivity and precision in the vory conditions in which it will be used in
industry.

The machine tool must be fixed on a 80lid base or on a concrete slao in the
workshop.

After thc machine tool has been set up on ite base or on a conorete slad,
it must be carefull, checked to sce that it is level. The degrec of aocouraay
with which the levelness of the machine tool must be checked is specified in the
precision standards acoompanying the tool and also in national standards eon the
precision of machine tools.

The high-precision levels used to check machine toole must have a soale
division of 0.02 mm per 1,000 mm or, in the case of high-precision msohine tools,
0.01 ma per 1,000 mm (0.0002 inch per 10 inches or 0.0001 inch per 10 inches,
respectively).

¥hen dhocking the lovel of machine tools, all movable parts of the tool must
be in their mid positionms,




To test the lovelnoss of a machine tool a epirit level is placed on “he
carriage, the table or any other part of the mechine tool which can be moved
along the longitudinal guides of the machine frame (Pig. 1). VWhen the level
is moved along the direction of movement, the movement of the bubble in the leval
indicates the rectilinearity in the vertical plane of movement along the guides,

If the level is placed perpend: cularly to the direotion of movement, the
dogres of truth of the €uidoe can be evaluated.

When fhe movable table or other part of the machine tool has a very short
travel, or when there is no provision for such movement at all, the levelness of
the machine can be verified by oalculating the horizontality of the table or other
part of the machine tool and eliainating as far as possible any deviation from
perfect borisontality. Bxoept in cases where the machine tool is on a three-
point mounting, the levelling operation involves a sertain amount of clastic
deformation of its frame. The frame must thercfore be brought into the position
it occupiod when the machine t0ol was checked for precision at the factory where
1t was produced.

AMjustment of the levelnese of the machine tool is effected by adjusting the
height of the individual supports on whioh thc machine ies fixed: that is to eay,
the supporting sorews (jacke), adjustable wedge shoes, stecl wedgee or othor
devices (Pig. 2).

When a m&m sachine tool has been lovelled bty the adjustment of steel
wedgos, it is advisable to pour oemont grout under the sole of the machine frame
80 that the adjustmont will de retained for a long period and the tool's stability
and resistance to vidretion will be enhanced ,

It is not essential to faston machine tools of thie catogory to the base with
mmmmmmuumm particularly heavy work, such as
sachining usbalamoed workpieces, oarrying out intermittent cutting, and so forth,
or unless fastening with anohor bolts is essential for roasone of safety, as for
Wummwmmummm.




Vhen eetting up lony, heavy mochine tools on their bases it ie necessary to
us¢ rogularly spaced supports such as scrow-jacks or wodge shoes arranged along-
gide or coaxially with the anchor bolts comented into the bass., This makos it
possible, during thc operation of the machinc, periocdscally to readjust its level
which may be altered by settling of the bas:, and thus aveid distortion of machine
tools with fast-moving reciprocating tables.

In order to facilitate the mounting of medium-sizod machine tools whioh often
may necd to be moved, and alsc in order to insulate them from vibration induced
from outside sourcece, such machines may be mounted on resilient vibration-damping
supports oquipped with adjustable scrow-jacks for revtoring the levelness of the
machine (Fig. 3). This method of mounting is particularly suitable in the case
of machinee mounted on upper floors of buildings, as it reduces the dynamio loads
on the floor,

It must be borne in mind that mounting machine tools on vibration-insulating
supports may lead to doterioration of the operation of the machine tool if there
are internal sources of induced vibratione within the tool itself, such ae

unbalanced electric motore, pumps, spindles, cxcessively abrupt reverses of
reciprocating tables, intermittent ocutting with o strong tool bite, and eo forth.
It is not rcoommended that machine tools with relatively flexible frames which arc
designed to be complomentary to the base, such as the frames of long lathes,
planing machines and other machine tools, should be mounted on resiliomt vibration-
insulating supporte.

¥When high-precision mechine tocls such as jig-boring machines, thread
grinding machines, etc. require special protoction from the influence of outside
gources of disturbance (for example when they are located ncar planing machines,
forging hammers or heavy bridge crancs), it is recommondcd that they should bde
mounted on vibration-insulating bases consisting of roinforoed conorete or comorete
blocks set on springs (Pig. 4a) or resting on special rubber, composition or other
pads (cushions) (Pig. 4b).




When ;ases are to be used for the temporary mounting of machine tools solely
for tosting purposes, it ie as well to fit the basos with ateel or iron beams with
T-section slote to receive the fastening bolts (Fig., %),

When selecting n method of mounting a machine tosl forp acceptance tegtas, the
instructions of the machine-tool manufacturer should be taken as the main guide,

For the common machine tools which form the basie equipment of mashine chops,
euch as lathos, milling machines, drilling aachincs, boring machinoe, rlaning
machines, grinding machines, gear cutting machines, cte., strict maintenance of a
given temporature in the place of tosting ic not necaseary, but it ie cesontial
that the tomperature should not underge sharp changos while the precision tosts
arc being carried out - that ip to 8ayy from tho time the lovelnoss of the
machine is adjusted until the and of the guometrical tosts and the tests of the
machine's precision in operation. During this time, the changes in tomperaturc
in the place of tosting must not excoed “5%.

During testing, the machine tool must be protected from the direct raye of
the sun, from direct streame of hot or cold air from the heating and ventilation
system, from draughts fron open doors in wintor, and so forth,

During the acceptance testing of high-procision machine tools euch as jig-
boring machines, throad grinding machines, high-precigion erinding machines, goar
érinding machines, ote., the tost area must bo kept at a given temperature. [n
most cases, the etandard tomperature of 20°¢ s adopted, but in certain cases,
deponding on climatic oonditions, other temperaturce such a8 17°C in winter, 23%
zamManbemnptM.

In these latter cases, if the machine tool was tected for procision at its
factory of origin at a temporature of 20°€3. it may prove neceesary to take into
acoount the differemoe in the coefficients of lincar expansion of the materials
from whioch the workpiooe (whioh may be of aluminium .lloy, for example) and the
mwmmmzmm, as such expansion detcrmines the accuracy of
positioning of, for example, the lincar moasuring mcchanism of a So-opdinate




N

boring uachinc., In the toeting of high-precision machine tools, the permiseible
deviation from the standard temperaturc in the wholo of the test area is subject

to particularly strict roguironents.

For most high-precicion machine toole thie deviation rust not oxceed hd 1.530{3,

while for the highest-precision machines it muet not excoed : Q.‘}QC.

In order to maiintain such constant temperatures, the teet area must bde pro-
vided with an automntic air conditioning syetem capable of satiefying those

roquirements,

The roquiremente regarding the tomperature to be maintained in places for
high-precision machine toole arc usually stated by the manufacturers of the

machines in the technical documentation acoompanying then.

2.3 The condition of the machine tool buforg testing

Prior to the commencament of acceptance testing the machine tool, mounted
on its base ae specified in scction 2.1, must bo completely fitiad with all its
attachtuente and tcchniocal equipment. The lubrication and hyurrulic systoms of
the machine tool must be filled up with oil of the appropriate type, a8 indicated
in the documentation supplied by thc manufacturers of the machine.

Tho machine tool muet be completcly cleaned of its anti-corroeion coating.

If any individual movablc parts werc fastencd down to prevent tb’u from moving
during transport, they must be frecd of their tomporary fastenings or spacere, and
before tosting they must be moved by hand to make sure that there is no hindrance
to their movoment.

All the protective devicce designed to emsure safe operation must be fitted

to the machine tool.

As a reeult of mechanical loesce through friction, of oil throttling in the
hydraulic system, of electrical losses in the motors and mechanisms built into
the machine, and also as a result of the procces of machining itself, host is
generatod during the operation of a machine tool and there is unequal heating of
its individual parts, which lcads to their heat deformation and changes their




mutual porition and sorctimes .ven their shope.  Beforo testing the precision of
the machine tool, therefore, it iu nocessary to wurm up the machine by running it
light o as to bring the tomporaturs of its various parts up to the normal level
attained during operation, Howevar, not r11 geometrical tests reguire prior
warning of the machine tool ©0 ther: ie no nood to perforn all of them immodiately
nfter the machine tool has beon warmoed upe It must be ascertained which tests
require the machine tool to be warmed up immediately before they are offocted,

In lathes, temperature deformations duc to the genoretion of hoat in the spindlc
toarings oxert a substantial influcrce on the position of the spindle axie relative
to the frame guides along which the croes slide moves and to tho axie of the tail-
stock epindle.

In turret lathos, warning up by light running affocte the poeition of tho
axie of rotation of the spindle rolative to the tool holders of the turret, the
direction of longitudinal movemont of the turrct, and the longitudinal and trans-
verse movement of the slides of the cutting huad (the cpoes slido).

In vortical jig-boring machines, warming up the machine by light running leads
to displacement, with respoct to the table, of the axis of rotation of the spindle
(horizontal displacement and divergence in a planc perpendicular o the longitudinal
movement of tho table),

In surface grinding machinee host distortion of the machine may 1-ad to non-
parallelism botwéen the surface that is boing ground and the surface of the table.

It must be verifiod that all tho iechniocal characteristics of a machine toel:
i.e., the travel of its various movable parts, the saximum dimemsions of the work-
picce which can be machined in it; the number of revolutions per minute of the
spindle or the mumber of to-and-fro movements per minute of the working parts of
the mmohine; the feod spood and the maximum screw cutting pitch, etc., coincide
vith the dats om the technical characteristios of the machine tool provided by the
mamufacturer,
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4, Chocking thc complctensss of the tochnien} cqaipment and normal fittings

Vhen checking all the normal fittings -g-inst the packing list, ono should
aleo check the complitunces of the cntir. sct of tochniecal oquipm.nt ordered for

the operatione epoeificd when the machine tool was purchased., All this oquipment
ruet boe chocked when it har actually beon inctslled on the machine tool and ie

ready to carry out ite particular toechnical operation,

5 Iosting of the machine tocl when ruaning light
5.1 Induced vibrationc in the nachine tool whon running light

An important condition for uneuring that o machine tool can perform procision
work is that whon running light the parte of the machine tool which carry the
cutting tool and the workpicco ghould be frog of induced relative vibratioms. The
presence of such relative vibrations in the rachine tool may lead to the appearance
of unacceptable undulationr in the nachined surface or to imporfect circularity of

that surfacoc,

Heasuring the amplitude of such relative vidtrations during light running calls
for the usec of spocial inetruments which the usoers of mechine tools do not usually
possass, They will thercfore have to make do with & subjective evaluation "bhy
touch” of the outwardly apparont vibration of individual parte of a machine tool
such a& tho head and tail stocks, the elestric motore, the pwmpe and so forth,
Such an evaluation iz malnly of use in comparing ome machine tool with ahother,
The final decision om the pormiseibility of the level of vibration observed in
grinding machines during light running muet be taken on the basis of the resulte
of the finishing grinling of tcst pi.ces (pco below, section 7.2),.

5.2

Yhen a machinc tool incorporatce fast-moving rociprocating parts (such as
the tables of surface grinding machines, internal grinders and oylinder- and cone-
grinding machines) whose specd is measured in tens of metres per minute, oxcessively
abrupt reverses msy s¢t up transiont vibrations in cortain parte of the machine at
the momont of reversal, and in particular, relative vibrations in the grinding
spindle and in the parts of the machinc carrying the workpicce (the table and the
heads botween which the workpiece is held).
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When machine tools are roceived by tho purchaser, the smoothnoss of reverss
can be evaluated only subjectively *by touch”, and this i{s meinly of usa only for
naking a ocomparative evaluation of machinos manufactured by differont factories,
A final evaluation can bo madc on the basis of the results of grinding test piocces
with the machine adjusted eo that there is the ninimum perniewiblo arount of free
movement at the beginning and ond of eseh stroke or so that the grinding disc doee
not break contact with the workpioce. This last condition is inportant, because
the induced vibratioms set up at the time of reversal dic out relatively quickly.

If, for axample, when grinding 1 shaft on a oylinder-and-cone grinding
nachine, the table revorsc is not sufficiently smooth, undulations may appear at
the onds of the shaft if the induced vibrations set up at the time of revererl
have not died out before grinding is begun.

When grinding without the grinding disc loaving tho workpisoce - as, for
example, when grinding up to a boad or rib - there iz an even greater danger that
traces of vibration will appcar {n the ground surface at the end of the stroke.

53

The noise of the machine tool must be cvaluated from the point of view of its
harnful effect on the operator of the machine and also on those working nearby.

When it is necessary to measure the noise level of a machine teol, o noire
gnugo must be used,

It is recommended that ome of the following noise gauges be used:

1. Sound level metor, type 1400 C or type 1402 C. Dawc Instruments Ltd.,
Great Britain.

2. Preoision sound level moter. iype 2203, Brilel 4 Kjeor (Denmark).

3¢ Kleinlautstirkomosser L8N 2. VED Werke flir Fornmeldevesen, Berlin
(German Domocratic Republie),

Sound level moters weod for measuring the noise level of machine tools must
comply with the standards of the International Electrotechnical Commission (1EC).
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orkehops 1o ehich the nois =love 1 bhoting ol machine ioocle 1 carricd out

migt corply with the following roquirements:

1. The ~ovel of background noies from the operation of othur oquipnent
ingtalled in the gwie or noighbouring workshope must to at lcast ten dooibele
lower than that of tho total noiec of the machine tool under test and the baok-
ground noisc. If the differonc. 1s less than ten decibels, the influence of the
backzround noise must be takern into account by deducting from the total noise

5

1ovel the correction fimur: given in the table holow,

Biffercnece betweun total noisc lovel
of machine tool plue background nolee

and levael of background nois: sorrootion AN\ L (in dcoibels)
from + - & decibals 1
from 5 ~ 4 decibole 2

2. In order to avoid oxcecsive iistortions in the neasurement of tho noise
lovel of 2 machine 100l ag o reeult of the roflaction of sound waves from the walle
and cciling of the workshop, the machine tool rust be gituatod not lose than two
metres from tho walls and the hoight of the ceiling must be not lees than two metree
above the hnighost part of tho machine tool.

‘loasurement of the noiee level of the machinc tool is carried out at the
workplace at a height of 1.5 metres above floor lovel and st 4 horigontal distance
of one mctre from the outlin. of the  ~chin tool, VNoise-lovel tosting is-nornally
carricd out whon tho machine io running light, but in specisl cames, when necessary
for tcchnicnl rcasons, it c-n o carried out when the nechine is working undur load.

The noige lovel of » machine tool, when recorded in thie manner, rust not

cxceed 77 to b decibels (on seale A of the sound level netor).

Power losses somewhat limit tho productivity of s machine tool, einee they
lower its cffective power, that ie to say, the power direetily available for

machining purpoece.

The level of power lossoe or, to be more exact, the mochanionl efficioncy of
a machine tool, ir an index to the degree of perfection of thc main drive mechanism.
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The coofficient of wechanical efficioncy }7
calculated through the following approxinate formula:

O w 100 - gﬂ‘ o 100 . ff-’i * a.f»‘\; + }:s.f-’z = cx.?‘i}
I - -

whore: Ka is the amount of clectris power consumed by the main Arive of the
nachine tool during light running, in ki lowatts, after subtraction of intornal
lossos in thoe electric motor,

il ie tho ratod power of the oleotric motor in kilowattis (at the shaft of
the notor);

Py 1s the louswe in the belt drive, in per cent: for veo-belt drives P, - vl

1
wiiile for flat belt drives P1 -

P, 18 the lomses in the gear drive, in per cant: P, = 1t

Fﬁ is the loseae in 1clling bearings, in pur cent; P, = 1,257

3
Py 1s the losgos in =1tding boarings, in per cent; Py = .

3y b and © are the numbers of gear drives, rotary boaringe and sliding
boarings, respectively.

Tho mechanical efficiency of the main drive of : general purpose machine too}
fittod with a gear 20x is vsually ') = 0.7 = 0.8, while that of fast-running
nachine tools cperating at maxioun spoed is = 0,55 « 0,60,

3¢5

Teating the correact functionierg of the manual cortrol ayetems oconsiste
bawically in checking the smooth engagemert and disengagement of the friction
clusches of the main drive, the speed changes of the gear box, the transmission
box speed changes, and the satisfactory operation of the various other manually
contrelled mechanisws, Particular attentiom should be paid to the amount of force
whioh 1t uwumutm levers and oontrol wheels and, if necessary,
this MMMW%&&QWM dynasosetor. Checks should be made to
verify the vorreot funotioning of the interlocking devices which prevent the
simltanecus engagement of incompatidle machine movements.
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‘hen checking the correct changing of speede in the gear box, particular
attention should be paii to the rclative positions of the gear wheels once they
have been engaged. Aftor engngement, the ponr wheele should mosh noroes the whole
width of their tecth,

On machine toole provided with apparatus for the automatic disengagement of
the feed mechanism or of adjustable travereing mechanisms, not only muet the
smooth operation of the disongogement mochanism be tested a number of times, but
the accuracy of the final position of the part of the machine moved by the mech-
anisme in question must be tosted aftor sutomati~ disengagement of the foed or
travers ing movoment a1t various running epecds. Such teets must be carried out a
number of timee and their recultse mugt bo evaluated in the light of any wandering
of the final position of the part of the machine in guestion,

On machine tools with an automatic working cycle, the correct fanotioning

of the cycle contrel eystem must be checked.

The spindle bearingr, the cloctric motors, the hydraulic pumps and the
hydraulic cylinders must bte testod nfter the machine toel hag beem run iight for
three houre.

Excesgive heating of individual parte of the machinc tool is not permissible,
firetly because cxcossiv. healing of such parts an rotary and sliding WW,
the windinge of electric motors and o forth affect the capacity of the machine
tool to perform its work properly, and secondly because excesgive heating may
distort parts of the machine and affect the procicion of machining.

Temperature measurements are carriad out by fixing thermocouples om the
outside walls of the spindle blocks at the point whore the boarings are looated,
on the walls of hydraulic cylindors, and so forth.

1f the body of the spindlc block has a vortical blind cavity which communi~
cates directly with the spindle bearing and into which 0il may be poured, then the
mmutmmmwmmmawwm ond of a soroury therwometer
in the oil.
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The operation of the friction olutch of the main drive chould be testod

by repeatedly engaging it and disongaging it. While this is boing done, the
clutch should not heat up to more than 10 °c above the ambient alr temperaturc

of the workshop. The froquency of ongaging and disongaging the clutch should
correspond to the frequency of cluth operation when machining small parts.

6‘ 5.5 0 PERA RS . g MG L BBGET 104 s
6.1 Tosting st full pover
The operation of a machine tool at full power i tosted by machining appro-

priate workpicoes most representative of the type of work to be porformed on the
machine tool under test im normal operation.

The outting rate should bo selected to make full us. (taking into account
tranomission losses) of tho rated power of the cloctric potor of the main drive,
as chooked with & watt moter. During testing, particular attention should be
paid to verifying the normel functioning of thc main drive mechanism of the
sachine tool. In particular, it should be verifiod that the main drive frioction
clutoh {s properly odjusted and operates without slipping and overheating.

The teste should be ocarried out both at one of the intermediate epcods and
at the maximum speed of rotation of the spindlc,

632

The purpose of testing the operation of s mmchine t0ol at maximum cutting
capacity is primarily to oheck tho funotioning of the food mechanism (om machine
tools where feeding tekee place simultancously with machining).

This testing is ocarried out at ome of tho loweet available spindle speeds
(within the lowest quarter of the range of adjustment of spindlc speed).

The foed setting is dctermined from formulac or from tables of recommondod
outting rates, MMMM»“W&WWW%“R&M teohni-
oal characteristios of the sachine tool,
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turing tosting, particular =ttention should be paid to the operation of the
fecd mechanism, especially the proper functioning of the protective device designed
to limit the torque tranemittod by the frod mechanisu,

€. Vibration reeistance of the me

Dangerous vibrrtions during machining are usually of an auto-oecillating
naturc, and thoy can ro gencrated aa o result of the propertics of the closed
dynaric systom (which consiste, ~* ite simplost, of an clastic system oomprising
machine tool - a*t-chments - tool - workpiocc), the machining preccss and othor

factors.

Reeigt-nc. to the gemcration of vibration during machining is ome of the moet
important indicee of the quality of a machinc toeol.

Vhon a certain limit cutting retc ie attained, the aystem referred to above
coages to be stable and sharply marked traces of vibrations appear on the machined
surface in the form of undulations ("chatter marke®). When such vibration arises,
the machining procese must be suspended, and a different cutting rate sust de
adopted. The limit cutting rate at which vibration sets in can oonsiderably
reetrict the productivity of a machine toel by preventing the full utilisation of
the machining capacity which the etrength and rigidity of thc machine and the
of fective power of the drive would otherwisc allow,

When machine tools arc being teeted for vibration resistanmoc in the conditions
of a specialized laboratory, tests arc made to deterzine the limits of stability,
thet is to say, the dependence - for a givenm type of s-shining, sise of workpiece,
tool shape and rate of feed - between the maximum dept': of cut and the spood of
the majn dircotion of ocutting.

Recemtly, vibration resistance teste have been = ud out without actual
machining by using special instruments which emablc thd ‘ynanmioc charactoristios
of a machine tool to be detormined by the artificial gemeration of vibratiom by

meane of a vibrator,

In the conditions in which machine tools are toeted by the consumer, however,
such tests arc too complicated and recourse must therefore be had to sispler
mothods,




Those simplor teets comcist basically in the dotermination of the saximus
depth of cutting at optimum machining speed of 1 teet plese of givon eige, using
5 given type of tool and s given rate of foud,

When testing lathes, the towt piece usod takes the form of a cylinder with n
conical tail which is placed in the comiocal sookot of the epindlo. Whon testing
lathos with » maximum machining diascter of I = 120 mm (hcight of cemtree: 160 an),
the diametor of the aylindrical part of the test plecc is 4 « 5 - 60 o nd the
length of the aylindrioal part iz 1 = 25 mp,

Por lathes whore D = 400 r@ (height of cemtres: 200 mm), the corresponding
dimonsions ape 4 » 60 < 70 mm and 1 = 30O o,

When tosting columm-and-knee milling machines (both vertical and horizontnal ),
tost ploces oomsisting of roctangular piecos of stoel are usod,

For oachince with 2 table sisc of 290 x 1000 mm the dimemeions of those test
piocos are length L » 200 - 250 mm, height H « 110 - 125 mm, and
bresdth B « 7% « 00 m,

For machine tools with a table size of 320 x 1250 mm, tho dimensions of the
test ploces aret L = 250 » 320 mm, H = 140 - 160 mm and B = 95 - 110 mp,

The t00ls used should be face outtere with hard alloy blades and oylindor
cuttors made from high speod steel,

As there arc no generally acoepted standards for the vibration resistance of
meohine to0ls, the vidration resistancs teeting of rachime tools serves mainly
for s comparntive evalustion of the quality of similar machine tools made by
different samufacturere.

By comparing the limit cutting rate at which vibration sets in with the
cutting rate osrresponding 0 the uaximus effective power of the nachine tool and
ite stwrdiness of osmetruotion, it is possidle to ovaluate the dogree of vibration
resistance of the sashine %00l when machining.

7.1 ¢ aaide

&

z» W itk M 180/R,230, "Machine tool test code” (Piret
e precisien testing of mnohine tools comprises operatiomal tests

ammmmmmm.
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Hothods for the orocision testing of wehine toole, togother with detaile of
the pormiseible devi-tions from the sot standards, are epecified for machine tosls of
various typos in national unchine tool precision siondards and in the precision
standards of the mochine tool manufscturing firme thomeolves,

Procieion stand-rds for machine tools of sevoral types sre given in Annec 1,

The official roport on the toste performod in accordance with established

precision rtandards sccompanies oach now mechine tool whon it ie delivered,

7.2 QOpevational tustine

The precision ptandards for machine toolr provide for operational testing,
which consiste of the fimishine nachining of tegt picces of giveon dimensions,

The sizo and ehape of the test piaces to be usod in such operational tests are
gpecified in tho procision standapde for the varicus types of machine tools,

The dimensione of the test pieces are selectod so that one tert piecc can be
usad for the teeting of the largest possible nmubor of machine tools, In order to
reduce tool wear in the msnchining of a single test picce, the surface te be machined
is nct conmtinuous, but ies in the form of narrow rings, Whon machining test pieces
botwoen centree, the contre holes of the test plece must be ncourately ground,
Machined test pieccor must be checked for accuracy of shape and for acouracy of the
positions of the surfaces aachined during testing with rospect to the initial
surfacoe of the test piecus,

Thus, for oxample, when machining rotating bodiee during the teeting 01’ lathes,
cylinder-and-cone grinding machines, internal grinding machines, boring sachines and
other types of nachine tovls, checks must be nade of the shape of the orces-scotion,
the oylindrieity of the machined surface and thc perpendicularity of the axis of the
cylindrical surface to the end-facc of the toet plecc,

When machining flat test pieces in the testing of milling machines, surface
grinding machinee, planing machinee and similar machine tools, toets are made of the
flatness of the machined surface and the parallclness or perpendicularity of this
surface to the intitial surface.

When testing boring machines, the main types of machining opaerations charector-
istic of thesc machine tools, such as the boring of holie, the milling of flat
surfaces, the machining of flat end surfaces by radial feeding of the cutting ool
and the rounding-off of flangoe with the cutting tool held in the faceplate, are
carried out on a single test plece.




The geometrical srecision terting of machine tools censists of the
following:

(;)

m‘m wich as the mtm of the ubln of uilzmq mhirwt, ;:iming
machines, surface grinding and other sachines, the flatness of the faceplates
of lathes, facing lathes and o on, and the accuracy c¢f the form of the conical
surfaces of spindles, whother they are external (a8 in the case »f the spindles
of grinding machines) or internal (a® in the case of the spindles ~f lathes,
milling sachines, drilling machines, boring machines and cther machine tocls).

oxample, m mumw of movement of the tablos of sinmg wachines,
planing sachines and surface grinding machines or of the carriagus of lathes,
the enindle heads of gear cutting machines and so on; the accuracy of rotation
of spindles carrying the workpicce or tool; and the accuracy of rotation of the
ciroular tables of vertical boring and turning sachines, surface grinding
aachines, gear cutting machines and other mmchine tools.

] ‘ EXADE ihe wor 206 and S t001 such as, for umh,
mlh&tm uMi m m mﬁm axis of the longitudinal movement of the
carriage of a lathe or the table of s boriug machine, the parallelism of the
vertioal movement of the enindle head o o goar cutting machioe with the axis of
rotation of the table, and sc forth.

m»mwwmwmmwm«em: matm (conical or
oylindrical) of the spindle, or the nerpendicularity to the table of the axis of
rotation of the spindle of a drilling machine; the parallelism of the direction
of moveaent of the table of o mi)iing machine, a planing machine or s surface
erinding machine 1o the slane of the table; and so forth.




the ‘*se}, such as, for example the relation between the Wm of rotation of

the egpindle and the speed of linear movemcnt of the carringe of a sorew cutiing
lathe, the relation between the speed of rotation of the workpiece spindle and
the speed of linear movement of the table of a thread grinding machine, or the
relation between the spoed of rotation of the milling epindle and the speed of
rotation of the table of a gear cutting machine (this last speed ratio cannot be
checked without specinl instruments, and evaluation must therefore be based on
the results of the test machining of gear wheele on the machine tool).

a giv &ttmu 5&5 ;mm} such as, for oxmh. the accuracy of w&tm
divieion of the workpiece (the gear wheel) on a gear cutting machine, the accurscy
of the co-ordinate displacements of the table of s iig-boring machine, and so om,

Geometrical measuremenis of acouracy are ocarried out at given positions
(usually mid positions) of the parts of the machine tool, since in some cases,
when parts are moved to other (e.g. extreme) positions, the resultant change in
the position of the centre of gravity causes elastic deformations which disturd
the rectilinearity of the horisontal displacement in the vertical plane, and so
forth, FPor example, when testing the geometrical accuracy of a columm—and-knee
milling machine, a horizontal boring machine, or a jig-boring machine with cross
tables, unacceptable tilting of the table to one side or another may be observed
whon the table is moved to an extreme position, because of inadequate rigidity
of the table slidec and other elemonts,




_tests of machines and precision tests of machined

7.4.1 Types of geometrica’ tests

ALl the geometrical tests of machine too s, and the testis of the workp:eces

machined in order to test the vrec:sion of tho zachine tool ir operation, consiet
of the following ¢lements;

(1) Tests of rectilinearity of )ines, parts or movemernt trajoctories:

(2) Teste of flatnons;

(3) Tests of the paralicliam of _ince, planem, or movoment trajoectories;

(4) Tests of equidistance (equal hoight) and coaxiality:

(5) Teats of the perpendicularity of straight lines, nlanes, or movement
trajnctoricse;

(6) Tests of acouracy of rotation (radial wobble), periodie axial dis-

placement and wobbling >f emd faces
(7) Tests of mccurscy of sivision;
(8) Tests of the accuracy of displicement to given co-ordinates.

The sethods and conditions for carrying out the {irst aeven of these basic
tests are described in deta. . in I Recommendation 1,230, "Machine tool tent
code”, first editiom, 1961.

The methods for testing the accuracy of (rectilinear) displacements to given
co-ordinates arce descrided in the precision ~tandards muppliod with jig-boring
and other machine tools.

7.4.2 Testiz

The rectilinearity of lines and guidee is testod with the aid of test straight
odges, precision lovels and, in the case of longths exceoding 1600 mm (63 inches),
with the aid of an suto-collimator or a microscope and taut string. Levels are
used only to deteot deviation in the vertical plane, while a taut string is used
only in the horisontal plane.

When tosting reotilincarity with the aid of a test straight odge (Fig. 6), the
straight edge wust be placed so that its onds are an cqual distance from the sur-
face or guide that 18 to be checked. A pedestal gauge whose sensing tip slides
mmmwmwnmummummmmaowma




The whole lonsth to be checkad e divided inte a mumber of sections, the
coading of the gaase &' thy oo of aech seotion is woted, snd o graph of the
ioviationg iron roctilinearity is thenm eonstructed (Pige 8). ™e dogree of
inaccuracy is calcuiated from the deviations from the streight line joining the
points corresponding 1o the beginning and end of the section that ie being

cheokod,

Phan verifyinz roctilinearity with a  evel, the whole length ia likewise
divided into cgual azetions - 100 29 %0 mm in ongth - and a graph of deviations
of level is consiructed from the wudcersive readings of the lovel reuge for each

section {Fiz. ),

After the deviation of ‘ovol of the suvetions has boen checked first from
12Tt to right anc thon from right to 14ft, the inolination of each scotion s
taizen as the arithmetic moan of both readings. After the points correspondins to
the boginning and end of the longth to te chookcd have beon connected with a
straight line, the doviations from reetilinearity are determined from the distance
along a vertical %o this straight line to the corresponding point on the zraph.

Optical inetruments are rerely usod for checking rectilinearity in scooptance
tests performed by consumers of machine tools, as such instrumenis are not usually

available in these eircumsetancos,

When checking tho roectilinenrity of movoment of a movable elomont of tha
acaine sool, the oot of a pelestal psuge is placed on the msovable element and
the gonsing tip of the pauge slider along & fixed tesi straight odge. VYhon recti-
lincarity 1s %0 be checked over a mubstantial length, & taut etring oan be used t¢

deternine devictions in the horizontal olane,

Wren tosting the reotilinearity of movoment (in the horiszontal plane) of a
tathe carriage, one may usc a oylindriea’ contre arbor fixed botwoen the contres
of the lathe, tho pedostal gaugo being fastenod to the carriage and the sensing
1ip of the gauge sliding along the cylindrieal surface of the arbor.

T.4+3 Testing flatinecss
The flatness of surfaces of machine tools or of workpiecos mechined on such
tools ie tested with the aid of test plates, tost straight odges or levels.




Mhon testing latnoog wioth o tert noatey the plato must fippt of il bLe
nostud with & layor of cuint,  Th, intnose of B tber fomtod oan boe udged
from the listribution 51 the simears of paint on .t wftor the thin v conted t.oat

»late has bum piacoed on th gure o 1o bo toatsd and movod to and fro,

Tontm of {atnons with tne tet gt b @t gtra okt Ages ar porformed g vy

following manner (Fig, .0):

Support blocks of id'ntical hoisht -rr HOsItanod st Shroo sormors of the
ractangalar tust surfac a,b,¢, while a bloak of eI 6 hersht je plascd in

the cantro of the togt warfaon.

The test atraight cd-o .o firet 91 a ! placod om supports a amd t Gnd the
adjustable block im thon brousht irio comtact with its undersido,  The straight

sdge is thon plucod op Bupport hlocks b oand o, the distanc. from the test murface

to the straight edgc at point 4 ie moasured, and th. sdfugtal Lo Yook g DA
under the etraigzht edec at that point,

Aftor plasing the straivht odre on supnart Yloeke a apd 4 and boand o, the
distancos from the atraizht odr to the intormediate points betwoon a and b,
band o, a and b and d and 5 are then dutermingd,

When ohocking tho flatnecs of a murface with n lovel gw.re (Pig, 11), the
doviations from rectilincarity alomg the directions OA and OC ars determined firet,
thon the reotilincarity along the dircotions 'AY, O''A'!, . and 07 ia verifiod,
Por checking purposes, thy roetilincarity along the straight )ines wt, and otMeY,,,
te alwo vorificd,

?l‘*‘@. 10

To cheek the position of the axcs of rotation of spindleas, onc should use
oylindrical tost arbors with oonica! onds (Fig. 12), which are inserted im tho
conical sockets of the spindles.
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mhe axie of the oy indrical part of the arbor wi!l not necessarily coinoide
xactly with the axie of rotation. To o iminate the influenco of this divergonoe
hotwoen epindic and arbor axos, tho arbor ie turned throuth 1%0 and the test of
the position of the spinllets axig of rotation is repeated. The position of tho
axin of rotation is then takon as the aicbraic mean of the positions recorded for

the two sgottinze of tho arbor in the spindle.

mhe influence of the divergenco wetwoon She s of rotation cen also bo
o) iminated in wnothor mannor.  The tip af the scnasing rod of a gauge is placed
arainst the oylindrica' part of the arbor and, after sl.owly rotating the spindie,
tho spindle axis position i@ takcen as the moan of all the velues shown by the

FEUG.

In order to test the parall.lisp of two f at surfaces, » dial pedogtal gaagu
is moved over omo of the surfac.s whi.c the sensing tip of the saugo slides over

the otner surface (Fig. .)).

The para’ lelism of two axes in the same oisne is testod Ly mecans of a dial
gauge fastenod on a Lase with a priss-shaped foot which is nlmoed on one of the
ghafts whooe patall-lism is being tested, while the sensing rod of the gauge is
placed in contact with the surface of the other shaft. In ordar to cheok the
constancy of the distance between the axes, the foot to which the indicator gauge
iz attached is swung s'izht'v, and the minimm reading of the rauge is noted, This
meaguremant ia repcated in a gcoond plans, a ocriain distance away frok the first

plane of measurcmont (rig. 14).

Testing the parallelism (abeonce of warping) of two axcs in a piane perpen—
dicular to the forepoing consi gts baszisally of testing the parallolim of esch
axeg to a third auxidiary pi.ane. Whon the axes %o be tcsted are horisontal, they
oan be tested by means of a level placed onm 2 bridge piece, the glass of the level
being placed perpendicularly to them (Pig. 15).

The parallclism of a spindle axis to a plane msurface is testod by seans of &
cylindrical test arbor inserted in the spindle socket and a dial gmage whose
pedostal is moved on the surface (Pig. 16). The parailelism of a spindle axis
to the guides of a machine tool can bo tested in the same manmer (Pige 17).




™e paralle'ism of the rectilinear t=e jeotory 5f the movement of an eloment
to & flat surfacce, s muide or an axie, a8 vo @ 28 the parai elism of two recii-

linoar trajeotorics to ench other ia testcd in a simi ' Ar way.

T.4.% gﬁ ng of the ~quid stanoe {constan® hc. w4 with rompect to o pione of

i@ or of an exis rotatine around another n.le in 3 perpendicular

plane is effected by means of n dial gauge whose foct in moved on the flat surface,

while its eemsing rod is in comtnct with a cylindrics. srbor inserted in the coni-

cal socket of the spindles to be temtod (Figs. 1L and '3,

7.4.6 Tgsting for goaxinlity

The cosxis ity of twn spindie axes is tosted by meaps 51 4 din. prauge Whose

branket ie Fastensd on one of the spindles, while its moasuring rod is pinsed in
contact with & oy indrieal tuet arbvor inserted - the conicn) sooket of the second
epindle (Pig. 20).

Vhen a straight line whose perpenaicularity is boing tested is the axie of
rotation of a spindle or other ~loment, ite perpemdicularity to a flat aurface
or t0 a guide is tosted with 21 dial gauge whioh ie fastened on the epindle a
certain distance from the epindle axio and has ite moasuring rod in contact with
the flat surface or with an oloment sliding on a guide (Fig. 21).

The spindle is turned through 3:6@9, and the maxisus and minimum readings of
the dinl gauge are noted. The difference between thesc rondings, divided by tho
iiameter of the cirele described by the axie of the dial gauge holder, is an
index to the deviation from perpendicularity. When the porpendicularity of a
spindle axis to ¢ guide is being tested, the spindle is rotated through 180° and
the sliding clement is moved & dietance equrl to tho diameter of the circle
desoribed by the gauge holder (Fig. 22).

When testing the perpendioularity of plane surfaces and cuides, a iry square
ie used and the problem consists sisply in determining the parallelisn to the free
sido of the square. This also applies to testing perpendicularity to the direc-
tion of rectilincar movement.




Te4.8 Teeting accuracy of rotation

T_eting thu ccuracy of rotation consists basicrlly of determining the radial
divergence of the surface of a rotating part such asg - spindlc, the periodic axial
displacement [axial diverpence) cf thet part, w.nd the "wobbling” of the end fwoe
of a part perpendicular to the -xis of rotation,

On: of the reasone for radi:l divergence of the surfaoe of = rotating part
may be irregularity of the shape { non=-cirenlarity) of that surface. Hoaspuring
the non-circularity of outcr and inner rotating gurfaces is not o gimple matier,

however, and calle for the usa of complox special instrumente.

Diametor moacurements do not fully refleet the non~-circularity of a surfaoe,
tut they do onable its ovality to bo eyaluatod,

Another reason for radial divergenco of a eurface may be the displacement of
the geometrical axis of that surfacc with rospoct to the contre of rotation.
Finally, radial divergence any be due to faults in rotary bearinge which cause
irregularity in tho position of the nxis of rotation (for agample, the so-ealled
myandoring play"). Where this ie the case, the radial divergence does not coincide
with a completc revolution of the apindle,

When checking the radial divorgonco of outer cylindrical or conical surfaces,
the gauge is fixcd so that the axis of its measuring rod is perpendicular to the
generatrix of the surface (Fig. 23).

When testing the divergenoc of inner susfacen, such as thal of the comiecal
gooket of a cpindle, the shaft of = cylindrical test arbor is inserted in the
socket and the divergence of the socket is evaluated from the divergence of the
cylindrical part of the arbor.

In order to do this, the gaugc ie fixed in the vertical plane, firet olose to
the ond of the spindle, and then at the free emd of the arbor. The divergence of
the arbor is tested by rotating the epindle elowly. AMtorwards, the test is
carried out in the horizontal plane.

In opder to eliminate the influemce of any disparity betwoen the axis of rota-
tion and the axis of the arbor, these tests arc carried out four times, the arbor
being turned through 90° with respect to the epindle each time (Fig. 24).




When messuring the periodie axisl displacer. nt {agia] wobblo
parte {(such ne a spindle), the influsnes of amy il sap mart b
In order to achieve thic, = wmall wxisd Ioad b0 appliied to the wnd fooc af the

2% o % .

donpurerent d Iferted by plocing the e of the asapuring rod »f thr grug
eonxially with the part bolng cheekod,  Por thiec purper. an wbor with o fiat ond
fama {withoul any contro *mwrmm}, woainet which the soaruring rod of th, Fuge

roats, ie imserted in the mocket of the wpindl.  Fig, 760,

1]

This togt can aleo bt carried out by aeing ¢ tept rtor stk morvaeal ond,
fitting a flnt faced tip omto the ond of the moneuring rad of th g fPip. TE0,
If the rotating part hae o centro aperturc, o boll o oame vt D in thie portar
and the flat fsoe of the tip of thoe meswsaring rod of th eeuee s plroosd wpinet

this ball {Fig. 2%¢).
Bnd face wobble in a vlans perpondicular to the -xie of pot-tion il detectad

by means of a gauge fixed parallcl to tho awxis of rotation at » ziven diastanc. .
from the axis (Fig. 26).

The part (spindlc) being tested ie elowly retated while slight pressure is
applied to it in the nxial direction, and the readings of the gaug: arc notud at

[¢]
riven intervals, such as 45 . The maximun diffcrence betweon the readings at

two opposite points then gives ap indieation of the end divergonce 2t a circle
of radius A,

L8 already stated (esection 2.4), tempersture displacements in machine tools
a8 the result of the internal genoration of heat oan have n substantinl effect on
the precision of machining.

In automatic lathes, thoso temporature displaccments, together with tool wear,
nay lead to systematic changes im tho diwmctor of the machined surface over a
batch of workpieces, unlese the machine tool is adjustod automatically or
ramially to compemsate for this,

Similar phenomena are observed in turret lathoe and other machinu tools which
do mot have sutomatic correction, whore thc tool assumce a predetermined position
with respect to the workpiece.
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In many cases, tonperaturce deformation of the maching too]l nay affoct the shape
of workpiceos machined on it. For cxample, in She case of oylinder-and-cone
srinding nachince, loctl duformations of the frame under the influencc of hoat
generated in the hydraulic drive of the table ny rosult in faulty oylindricity

of machined parts,

When it 18 necessary to check the temporature doformation of a machine tool,
the tests consist in comparing the respoctive positions of the elements of the
machin. tool carrying tho workpiocce and the tool, firet in the cold state and then
2ft.r the michine tool h.e boen warmed up by running light for o given poriod,

guch 18 three hours,

Thus, for cxample, in ordor to check the tumpurature deformation of o jlg-
boring maching, a test disc with an upper facc -nd a cylindrical circunference
which have been carefully checked for procieion ie placed on the table of tho
machine and a quickly dotachable holder earrying two nieron gauges is then fixed
to the spindlc of the machine tool, Onc of thoe gauges is vertical and its
moasuring rod ie in contsct with the flat fnoc of the test disc, while the other
is horizontal =and its nme-suring rod is in conmtaoct with the cylindrical circumfer-
ence of the disc (Pig. 27).

Lfter the nmounting of the tust dise hae boen ad justod in such a way that when
the spindle carrying tho gauges is turmed elowly both gauges (t.e. that ocoaxial
with the axis of rotation of the spindlc and that perpendicular to it) eonstantly
rogister zero, the holder carrying the gauges ie removed from the epindle and the
machinc ie then run light for a certain longth of time, such as throe hours,

The machine tool is then stopped, the holder carrying the gaugus ie roplaced
on the spindle, and the original neasurements taken by slowly rotating the
gpindle by hand are ropeated. The spoed at which the spindle is rotated should
corrcspond with the epeed of rotation for the finiehing machining of medium-sised

apertures .

»'rom the readings of the gauges it is poesidle to deternine the horizontal
displacement of the end of the spindle and the change in tho inclinatiom of the
axig of the spindle as a result of temperature dofornntions of esim' of the
machine tool.




Where tomperature deformations of a maohine tool lewd to changes in the
goomstrion]l shape of parts machinod on it, it may be more uascful to detoraine
their influenco by oomparing the acoursay of the shape of suvernl parts machined
on o ocold machine tool with the same nusber of parts mashined efter the maching
tool has beon warmoed up under light runnins for throo hours without boing
adjustod, This method of deturmining the offcotes of temperaturc delormations nay
be used for testing oylinder-and-conc grinding sachines,

To cheek tho temperature deformation of » lathe, tcets should {irst be oadoe of
the parallelisu of the axis of rotation of the spindle and the direction of
longitudinal displacement of the carrisge on the cold lathe thon th. samo tostr
should be made after the lathe hae boon warmed up by runring it light for throe
hours .,

point of vicw of longevity

The longevity of s nachine tool, and particularly the length of time that it
will maintain ite initial accuracy, depend very largely on the deeign of the
machine tocl and cannot bo determined by teste of short duration. An indirect
avaluation, dased on consideration of those clements of the machine tool which
have the greatest influence on ite longevity, mwt therofore saffice.

In the overwhelning majority of machinog tools, the maintenance of the
nachine's socuracy depends on the guidos and the spindle bearings., In gear milling
and gear outting mechinee, tho dividing worm drive is equally important, since
woar of this part has a dircet influence on the precieion of thc pitch of thc
goar whools that arc being machined,

The groat “mityzy"et thae conditions in which oechine tool guides operate
nakes it impossible to lay down gonural requirements which thay must satisfy.

In the case Of food guide of medium-sisod machine tools which are subject to
heavy soiling, such s lathes, turret lathes and semi-automatioc lathes, the wear
is charecteristically of an abrasive naturc.
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The guidce of thepw nachine toole muet thoerefore be hardencd. In some OamoE,
cnst iron frame guides are hardenod by gas flame treatment or high frequoncy
currente, while in othcrs tho actual zuidos ocomsist of applied stcal strips whoec
surface has boen hardonod by thormal or thormo-chonical menns { comontation or

nitriding).

Per the uidee of heavy mashine tools, whomo sliding parts arc sado of gray
iron, the predominant form of dctericration is scoring. Oyer %he past ton OF
fiftcen years, nost manufacturors ot heavy moachine tools have bogun 10 use
pplied coatings on omo of the rubting surfaces of eliding clemonts, The materiale
used for these surfacos include various plastics and non-ferrous alloye which are
not pronc to binding againet the ocast iron surface with which they are in contact.

The main condition for the durability of sliding guides is protectiom from
goiling. Vherevor possible, thorefore, protective dovices (Fig. 28) such as
tcloscopic covers, oxtonsiblo bellows ("concertinas"), steel or plastic strips,
otc., should be used, In addition to theso protoctive devices, seals should de
fastenod to the onds of novable elemente (Fig. 29)., Another important oondition
for tha long life of machine-tool guides ic proper lubrication and the careful
removal of impurities from the lubricating vil by allowing them to sottle and by
filtering finely. Tre machino-tool mapufacturer should indicate the type of
lubriceas ‘s rocommendcd for the lubricatiom of cach machine tool in the tcochnical

m

literaturc which acoompanies it.

1f a machine tool is fittcd with rolling guides, partioular attention must be
paid %o the protcction of guch guides from soiling, as by their very constyurtion
they are oven more gcasitive to soiling than sliding uides.

In the caso of rotary spindle bearings, proper lubrication is essential. The
corroct lubricant must bo used for these bearings, and the reguiresents roganding
the amount of lubricant applied to them must be observed in accordanoe with the
nen:facturer's directions, as any deviation from these directions may lead to
premeturec failure of the bearings. Spindle bearings must be so adjustod as %o
avoid oxccssive heating on the ome hand, while on the other hand avoiding
exocesrive play when cold, which leads to "granulation” when machining.




In the caee of sliding spindle bearings, v used sairly .n grinding wachines,
the proper cenditiens for liquid friction sust be mset up, rrimarily by the running
in ef the bearing pushee (rings) over the whels rarge -f syindle epeeds.

ihen the lubricatien conditions prescrived oy the manufacturer are ~“served,
the body »f the bearing sheuld n3t heat up by more than 15 - 20°C aL ve the
amb ient tmtw* for o pepipheral speed at the ;surnal »f net more than 5

matres/sec:nd,




Annex 1

ACHIAT TOUL PRECISTON STANDARDS

BB g&{}iﬁﬁirkﬁﬁl tests of eneral-purpone lathes with maXxiousm werkpisce dianeter

of 400 mm and maXimum distance be

1‘

3

3‘

Jegcripticn of test
nectilinearity of 1:ngitudinal
mevement of carriage:

(1) in the vertical plane
{t} in the herizontal clane

Curvature of longitudinal
movement ~f carrisgt

Parallelism of tailstock guides e
direction of longitudinal travel
~f carriage

Redial deviation of centering ccllar
of headstock spindle

fadial deviation »f axig of
headgteck snhoket:

(a) at face of spindle
(o) at a distance of 300 mm from face

Axial deviation (axial periodie displace~
ment) of headstock spindle

twaen centres of 2000 min.

only oenvexity i
~ermissible

1
rnly crnvexity towarde »ne
operator ig permissible

0 @

0.01 mm over whele length
Af carriage mrvement

0.,02% mm %ar whnle length
Af carriage movement

4,01 me

0,01 mm
0,02 me

G.0) mm




Fuco doviation ~ supporting collar
(or flange) of neadetock spindle

Parallelism of axie of headstock spindlc
to dircotion of longitudinal movement of
carriage

(a) 1in the vertical plane
(b) 1in the horizontal planc

Farallolisn of dircotion of movament of
oarriage tool carrier slides to axie of
hoadstook spindle (in tho vertical planc)

Parsllelism of axis of conical socket of

tailstock spindlc to direction of longi-

tudinal movemant of carriage, in vertical

and horisontal plance Preo omd of test arbor
may only deviato upwards
and  Sowarde oporator,

Parallelisn of movement of tailetock

to direction of longitudinal movement

of carriago:

(a) in the vertioal plane

(v) 1in the horisomtal plane

ldentity of hoight above frame ocarriage

guidos of axos of hoadstock and tailstook

epindloe (only axis of tailstock
spindlc may bo higher)

Procision of transmission system from
spindle to lead sorew, without usc of 0.03 mm
for a length of 100 mm

0,04 o
for » length of 400 mn

Aocuracy of geometrio form of outor aylimdriocal
surfaoe of testpiece after finishing out

(‘) Mw 3,01 mm

(” . 0,01 o for a longth
conioity ; of 100

Flatness of ond surface of tostpiecs after 0,015 mz for a

finishing cut - ‘ diamoter of 200 mm. Only
: concavity is pormiseidle.
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Wageription of tosts

1 e

1, Mmoo re of workine mirfaes nf tal

” E

n. Mo oativ perpendicnlarity of Congitudina’
apd tranavecse povement of £ in thu
hor zonto vlane

S, paralel.mm of workine surfac af t.0 g
Lrection of ite ongitui.onn movaient

A, Para‘le.iam of workins surfmwoo of tal: o o
diroation of ity trans ores Novan nt
5. Pardto . isn of side wni's af contro eroove

of table to dirostion of tablo's snmi -
{innl movenont

£, Axia! dovintion of apindin

7. TDeviation of ond faoce of forwnrd ond of
gpindle

9, .adial deviation of axis of oonical socket
of spindle .

9. Rodia! deviation of outer oylindrieal nounting
surface of forward emd of spindic

Trusio ook tricn bortc of rorecn =purpose colunn-ind-knoc pmel linge sachinaes

Pormicosible deviation

’ﬂnv’

Om'» eonpavity ie pormisaidl v

wor whole toneth of table
travelt
up o 300 mn - 0,015 mm

v 500 pm - 0,020 mm

" 000 m - 0,030 o

ver wholo lomgth of table
travelt
up to 310 nm - 0,02 ma

Ovor who'o Tenath of tablo
trayelt
ap to 300 ma - 0,02 mm
w500 mm - 0.03 mm
v 000 m - 0,035 mm

Por machinec with diameter of
spind’ ¢ journal at forward
bonring oft

up to 50 mm - 0.012 mm

over B0 sm - 0.020 mm

For machincas with diameter of
spindle journal at forward
boaring of
un to 50 mm - 0,015 mm

" % i - 9.&25 o ]
ovor 850 mm - 0,025 mm

At face of spindle: 0,01 mm

At distonce L=150 wm from foca:
0.015 mm (for machines with
spindie journal diametor of

up to 50 mm)

At distancc L=300 mm from face:
0.02 mn (for machines with
spindle journa’ diametor of
over 50 mm)

Por machines with diameter of
spindlc journal at forward
bearing of:

up to 50 am - 0,030 mm

ovor 50 mm - 0.015 mm




cEcriplion of tgnte
10, Perpendieniarity of axis of rotation »f

horizonta!l epindle to ocomtre eroove of
tabl

ile Pupatlelimm of axis ~f rotation ~f hori.
sontnl epindlc to working murfaco of €0 s

12, Perpendiocularity of wxie of rotation of
vertioal epindic to working safuce of
table

‘3. Perpemdiou'arity of working surface of
table to direction of vartical movoment of
knce in the longitudinal and transverse
ploanes

& 1] IRe £i5

murdao

1opting ¢

Dimensions of machinod
not lose than:

Por table working Brondth Longth Height
ourface width of: B L H

up to 160 mm 80 160 80

a8

161 « 250 mm ’ 100 200 100
over 250 ma 150 300 100

Permigrniblc deviatson
A

5 g

0,00 my far + L eneth

Frar machin s with t2b . wiith
up to 160 mm -

.07 mem for o lengsth 1% mm
Paor maekines with tab o width
vor 60 wm -

D0V men for o a angth Lel00 e
e and of $omt wurbor may only
foorinty Aownwardn,

"o For machincs with ¢ .10

width of up to 160 mo:

TeG1% mm for n dimmotor of

IS0 o in the ongitidinnl planc:
D020 mm for o fiametor of 50 re
in the transvoras planc,

Ze Dor machirnes with table
width of svor (60 mm:e

.72 mom onnd 2,0 mm, rospectivi ly
for o Aiametor of W0 me,

‘n the transverse plane only
ing ination towarde the frame
in pormiesibl o,

For machines with tably width ofs
Un to 160 ma war (60 rm

for a " ongeth for » ongth

f 150 mm - 3f 00 mm -
DLOLS wmm 0,020 mm

nlong longitudinel axin of tahle;
und 0,020 mp 0,030 mm

ons transverse axis of tablc,
“n the transverse plane, incli-
nation of the working surface is
pormiseible only towarde tho




Geperiptin of -t

L. agpean of moah nod muprfacet

B, pPapt ae sam ol oanmo maghin !
ayrfce to bno
. Porpendiousrity »f o de mmachingd
sarfaces 40 0
t, Tolative rpendicul vity to saeh athoa
f aid. and en' froee of teetyice:
§

o ey
gLl

with maxdoue worksioco diaautor of 200-400 o

Pormiggit) ¢ dgvi-tion

~ametricn’ tints for gnoTo oo Do gy oY

0,07 mm for o leneth of 150 mm
0,04 mm for = Cengrth of 300 @

n.02 ma for ~  uneth af 150
n.0A m for n ongth ¢ W00 mm

oL o for » Longsh of V50w

n.02 re for o ongth of 100 o
0,00 s for n longth of WO =

The permioeiblo Aoyirtions arc showm 0T varionn ertermarics of prootiaion in

machinoes

“ogoription of tust

. Tueoti'inearity of movomont R T A
meagured in the vertion: S 1 L8

Af tablo,
Ty TR

3, Tectiinonrity af novenunt
acnmured in tho arizonta

3. Absunoce Af wisn whon $ablo i rotatod
in plne porpondicular 40 ita diraction
af povoment

4, Paraiolisnm Af vam. gurfaccs ~f toble
/e honds ~nd tailctocks) to dircet.on
of longitudinal moverient of tab o

5. Absonco of radial dovintion of nxig of
neadstock spindic sockot:
() at foec of spindic
(b) at = distanec I from faco

T . "

6. Absoncc of radial deviation of cutside
pasc surfacc of ond Of hoadatock spindic

7. Avscnce of axiai devintion of hoadatoek
spindle

fi. Absence of deviation of face of baso
gurface of headstock spindlc

Fam&mibw dcvi ation

Tor table travels oft

120-500 mm S00=-800 s
He12 miorons fulf nicrons
Conenvity of trojoctory iz
not permissiblo.

e niie, £-10 mic.
Only pormissiblo Acviation
fron rectilincarity is sowards
rrinding head

Smi?2 mic, f-16 mic.

oy o maoximo workpicoo diamctor

oft 100-200 mm  200-400 rm
3«}’5 Bice 64 uid,
3-8 pie. (=10 mie.
L=150 1300 mm
2"5 miaa M ﬂoo

’ia 2"3 miQQ 2.'5"’4 MQ.

2.5-6 mie,  6-10 nic.




mmmgn% a8 4opt

e‘;‘

Paralio lam of iy of haeedstoor ovandl
sooket Yo direotin 0 woveront o e
5%% in the vertien! »lane

(k) dn the oroz el p oan

Commtanay f hoipht ~f i oF hogdat ok
spindie whon hoodstosk oo ot oted apound
its vortion sxis

Puralloliiom of movel nt «f $-1 2tock enind'.
to Aireotion »f novonoent of 1o}

gx} in the voprticon o an

,,'t:») in the horogint |l v nn

ParalloViar f axle of 40 fatook opind’.
aooket Lo dircetion of anv ment of thd -
stook spind o

f&g in the vorticn p

B} oin the horoaont ponn

Parallelien {in the vertier olanc) o a
lino rannine throush the axoo »f the hende
rtook and $ailetrel ocentros v thy Jircetion
of movenont of the t-01c, ~iony the Tunrth
of erinding

Avoemoe of roAinl A-viation of the comtoring
eollnr of the »rinding opini o =t tho #rin-
ding disc

Absonoo of axinl deviation »f ~rindin~
apindlic

Parnliolion of axis of grindine spind o
frr internnl grinding to dircotion «f
movomont of tablo, in the vertien” and
horigonta' planes

Tdomtity of hoicht of axies of headetock
=2ind" 2wt pind’ o for intome rindong
above muides

Neotilincarity and porpomdicularity of
movemont of zrinding hoodstook t5 axie
of oontrec of hoadstook md tai’ stoel:
spindien

Constonoy of height of axis of grinding
spindlc whon spindlo ig turncd around
its vertienl axis

Vopmgauriulo dovityon

Length nf trawve
B0 e
Tt
vor the whe
din -

Macter of forwnrd journ .
10=50 rem Elmi) v
Gt mic, B 110,

25 mic,

%

10 mie. for oo longth of 100
Devintion of the free ond o0
the teat arbor ig only pornis-
8ible umwerds wnd towvards thoe
xis of the comtros,

Maximun di~metor of workpioco:
un t3 200 mm ovur 200 oo

Aaximan sige of workpicoo!
up to 200 mm from 200 > 400 ma
4-6 nio. S5m0 omit,

Mprom 100 $o 200 rm  from 200 to
400 mn
Protrugion of tost arbor,
L=100 mn
1% mio. 20 mio,




Descrivtion 5§ taat

20

(1) Aecursey of noveoent of grinding
noadetack theowsh one seale dlviaion
~pd through 1 0-12 3enle ddvisione

(v) Constaney f positinn »f rinding
hoadotoal whon sot in 2 glven position

mogtins of machine tonl in operation

Ao

Jor

Promision of evlindriot surfaoe of testniecn

(comstrney of dinneter 4y erosp=cootion),

Work boteoom contr. -, Dianeter »f % a¥nicoe

iP é D

', Lonzth L = D (D = maxirmy dianctor of
workpicen, in )

rachineg with Lomw’c:-‘s ?‘i«"‘,(i:j:}:’%

2. Testpicoc = o ~o'ler »f dincnsions
1P &, L = !0 - ig fretened in tho
chue? or in tho spindic ascclket ~nd
ite outor or'indriea’ part is nachinoad

1, Tastpicec = = lLush of oy’ indrionl forn
with d, 2 M, nd L= ?a} - i1 fastencd
nned oy'inirios?

in the ohiok 71 its i
gurface ig noachinod

Porutaartie iatio

Prom 100 from 200

to P00 e to 400 m
g0 mia, 10=-146 aic,
i=2.5 nmio. 1eGmid § mio.
wfl mio. 711 mic,
3 mio. 7=11 mic.

Pormigeidls dovistions from
conatnney of diamoter at any
cross~goetion mmat bo not @OTC
than 49 »{ those shown.

7. Tlatness of ond sarfioc of testpicoc, llaximum dimmoter of workpioco!
Testpicce is ~ disc fastoned in the chuch 100200 m 200=~400 mn
rnd machincd on ite cnd suvfaco. 4~6 mic, 6~3 mic,
Comvexity is not perdissible.
Note: The permissible deviations arc given in mogt casoas in tho form of a

range of vrlues which arc applicablc $o maghine tools of varicus

degrece of procision.




Metol-working squipment ie notable for ilte grent variety in:

1. The tools used (drills, reamers, taps, cutters, milling cutters,
shavers, sbrasive and polishing disce and so forth),

2. The typee of work carriad out (boring, milling, drilling, gear
cutting, grinding, polishing and so forth).

3. The degree of finish of the machined surfice (varying from rough
finished to highly finiched),

4. The dimensions of the machine (vnrying from table top mchines to
iarge unite which maohine parts sever.l tene of metree in diameter
and hundreds of tons in weight).

5. The procision (varying from machine tools of normal -ccuracy to high
precision mh:m:z.

6, The range of parts machined (there are, for oxample, univereal machines,
multi-purposc machines, specialised machines and specially dosigned
machines ),

The number of toole uecd at the eame time {there are esingle and multi-
epindle machines, sulti-carringe saohines and multi-cutter machines).

The number of parts which oan be maohined at the same time (eingle ari
mlti-station machines),

The degree of mechanization and sutomation (varying from machinee whichk
are continually controlled by an operator to those which nrc full:
automated),

10. Their design features (vertical, horisontal, drum-type, single or double-
sided, pendulum type, multi-clements and sc forth).

11, Additional operating features (stationary, portable),

The selection and comparison of such varied equipment is made easier by the
fact that the machine tool industrice which have evolved over a long period of
time in all industrially developed countries all produce mechines which are similar
in 2 nusber of basic charncteristics.

Of the machine toole used in one—-off, limited serier and series production,
the most common are universal sachine tools which are suitable for carrying out a
namber of operations of a given type of machining on workpieces of various denomins-
tions. Machine tools of this type are relatively inexpensive, have wide range of
spindle speods and feed rates, and are simple to adjuct and service,but their techanical
capabilities oan only be properly exploited if fully skilled operators are available,
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Unle~s thero ic smoeis ogquipment for this purpose, thos. opar tore mat know how
to set up, choeck nd Toston the wirkpieoe proper y oin the maohine tool, sdiuet the
cutting to0' and errry out the mochinineg, sontrs ling the mrohinc tool mamuilly ond
t-kine the ncoossare ramroments. ™ omuch machine tooie, the qu-iity of the machi-

ninz ~nd the output l-rge'y Acpend on the aki’ of the porator.

Fewmp cg of such univers's met . workng maohine toola are ponorn  pUrpese
centre l-othez, eolumn=and-ince mi Cine nnchines, shaping machinas, vortionl drilling

machines nd cylinder-nnd=oonc srinding moohines.

Specin.ized maching toole “ro intonded for the moehinin, of workpiecvs of
single typc, o'though of vorious dimongisna.,  They are desismed to fheilitate apeody
~nd ~ceurate setting-up of the workpi-co nd are amaally intondod for siamltaneous
machinin~ -7 the workpiccc with severnl tonie, walch BOCUrGS high productivity, bat
thoy con only be used cffectively .{ thore arc !-riee cnough batches ol workpioces

to bao machined.

Speein! machint tools re d-signed for the machinine of on'y o single type and

size of workpicoe.

“vtongive usc is made of hisheproduction cpeeializod and spocial purpose maching
toola nt the prescmt time in such bramches of industry ne the nutomobiic and tractor
industry, the aviation industry, the boerring induetry, the ¢'cetrical machinery in-
dustry, the shipbuilding industry, the wgrieultura! noshinery industry, the trans-
port machinery industry and so forth,

Pfforte to rcducc the dosign and produstion time for apecial purpose mochin:
tools, which nure produced only to spoeia' order, wnd cfforts to roduc: costes and
simplify rcpairs nnd ecrvicing, whi'c soourin- - hivh degrus »f relinbility and
automation of machining, hove lod to the doveiopnent of thoe group of po-on)lad Qofm
positc machine tonls.  The desimm »f muoh rachine toole i buuod on the prineiple of
the use of standardizod clomenmts, some of whieh may ocour o rambor of timeas in o
singlc mochine tool, thus nking it nossible to conetruct mul ti-spindlos and siti-

atntion machinos,

Mo firet automatic machine too! limes woro erentod by Cinking sovernl Oohe
posite nachine toola with nn ratonntic ocomver mystcm,




according ta the mair technclegical parameters which, fer the basic types cf

univerasl msohine tecls used frr mechanioul angineering machining nre as
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The seloction »f & machine tor ]l eof the requisite
T

fellowst

Yo

4o

6o

7.

8.

Pe
10,

11.
12,

13.

14,

15

‘1 Al 18 iy

lathen, ecrew-cutting latose and
gear-milling latass

Maltieoutter semi-autmatic lathes
(herizontal and vertical)

Turret lathes, singlo-spindle
sutomatic lathes and longitudinal
machining automatics

Multi-epindle autesmatic and memi-
automatic lathea:

(a) for bars
(b) -hmek-type machines

Paciag lathes
Vertical boring and turning machines

Vertical and radial drillirng machines
Certre Yoping and ailling sanhines

ferisontal boring mackines
Jig-boring machines

Diamond bering sachinea
Cylinder-and-cone grinding mechines
Cantreless grinding machines and
oentrelons lapping sachinee

Internal grinding mechines

Surface grinding machines

timenaione (s oarried w?l

Maxigm diacmter ! werkpiece above
frame, maximus length of workpisce
(diegtance betwser centres),

Maximuns diameter of werkpiecs ahove
frmme ~r CEPTLAZ®,

Moximum dispeter »f bar which can be
machined,

Moximum diametsr »~f bar which can
be mochined and meximun length of
part which can be machined,

Meximus diaseter and length of part
which can be machined,

Waximum diamcter ef workpieoce,

Maximam diameter and height of
workplooe,

Maximum roted drilling dismeter for
medimm carbvon gteel,

Ko mum diameter and length of
workpisce,

Dinmetor ¢f boring spindle,

Mametor of table if circular or
width and length If rectangular,

Width and length of table,

Waximum dismeter and length of
workpiece,

Maximum grinding diameter,

Maximum diameter nf aperture which
ocan be ground.

Width and length of table if
rectangular or diameter if circulsr.




LA

25.

26.
27

Dol prinaingt moohin g

S0t srinding mochines, threed nd
worm crindine roohiner, muoorfinishingy
machines wd cuteords Boning mawchinos

Trtarns homim mowehin

Wifing machines

fhoroonine wachincs (untverss )

Jemp mit ling omchinee, rurr cutting
machines, «uoar shyang tachines, cour
prinding machincee, renr
wd conr charforing mashims (o
eviindries!l and eunies coor whe s

Dot misling wechinoe

dolling and cold workinge noachincs
Iwrizuntm‘ and vortie-
milling mwbmw and sopy miitano
machince

Jinglo= and doublo-gided plranoenmi  'ing
machines
Botary $nblo milling nnchincs
Single and doud'c sided plomin
machinoes

Fdre planing machinos

Shnpine machincs
mnclines

and slotting
Horizonta' and vertienl 't:mwh{ng
nochinen "
Catting=-nf? nrchinue

Sorcw-cutting nnchinca

Dynamic balancing machines

shaping machinos

(e 1¥) lw*m—»- nd-knoo

™ w;;hw of erinding mam

Py meam mmmw and Mh af
WO o0,

Dy wctor which can be honed and
Lorgrth of travel.

Dimmoter of ?mt{im MN%.

i woter and ongth &? kamww.

Maxinur diamotor and fore of modu' o
s werkpiecoe to bo wachined.

Faximum Aiametor and length of
WOrKpioco.

Mrzimam 4i-wmetor of workpiece.

Width and Conpth of working sure
faoo of tablo,

Width and longth of working surface
af tab}‘ia

Diametor of table.

‘laximun width of workpicoe and
Longth of working surface of table,

Maximum width and longth of work-
piace.

HUaximum ol ide trovel and maxinum
ghaping width. "
ntod tractive foree in Sonnes.

aximum diametor of materdal -whioh
oon 1’*0 Q’&%‘

vaximum dimongions of throads which
onn bo cut,

Ranee of woight of parts o be
hnl m%fﬁo

Changos in the main technical paramcters, on which thc dimoneions of she
machine tool depond, are subjcot to well defined rules.




The scleootion of » munbor - proforab'y inmitod - ~f difforent types and aszoe
of maohine tools for o fraotory 1o umus'ly oarricd out woording ¢ ~n arithmetic o1
recmatrio progression with variablc 4mmonminttoirs basod on the froquonsy of the
serics of main technica)! parwmctors. The wore frogquont scrice (for sanll valuce of
tho denominator) thus oorrespond to th. r-nge of the mor. froguently uscd typos and
siges of machine tuols,

In the casc of an infroquont serios, the sonsurcr 15 _b s0d to seicet honvier
and more sxpemsive machine toole than those which direct.y euit his roquiruments s
far ao sise is concernod. In tho enac of a very froquont sorios, on the sther hund,
the produetion run of cach machine tos)l is diminished wnd ite svorhead costs ar.
sonsequontly highor.

Types of machino toole whose mnin technical parametors corrcapond to the t.orms
of a whole seriee aro basic machinus, These uneic modols re modifiod in such
rospocts as precision, level of meochanisation and witomation, cortain dimonsionnl
paramoters, spoed of operation and weight (for the rawehining Sf non-ferrous motals
and alloys) and so forth,

LATHES

Universal scrow-cutting lnthes of mediuw dimensioms arc most froquently mot

with in this group.

On a sorow-cutting lathe, nny motslturning Sporations oan be coffceted by
fastoning the workpicee in a ohuck or botween contres. Among the operations which
can be carried out are oylindrien! and conioca! surnings, the underoutting of ond
faces, the outting of inch or metric serow threads, and bdoring out. By inscrting
a drill in the tailstook spindic sockot, it is possid o to oarry out drilling
opoerations by using the mamual food of the tailstock spindle or moving thoe wholc
tailstook forword mochaniocally.

lathos nnd serow-cutting lathes nare usced both im the production and repair
dopartmonts of largo and small machino-building faectorics, as well as in small

workshops and ropair oontres.

The oomstantly improved design of theso mechine tools reflucte tho goneral
Sechnioal progress of industrial produotion and the rising domand for lowor pro-
fuotion costs and ocomomy in the use of mampower, Ovor the last ton to fiftoen




years, th: tochnicn’ charactoristics and dosimm of 1athes have beon modificd to

inoreazs their power, running spocd and procision, emd %o reduce the time spont

OB RELI Ay ol SLICRS,

In order ¢~ incresse the statie nd dynamic rigidity of lathes, their body
clements have beon made heavier, spindles have boon providoed with throe boarings,
and tailstock spindles hove been strengthencd and in snac mytels nade prismatic

or triangu'ar in shopo.

The main type of transmission mechanism used in the main irive is still o
gear-box with moveble guar-whocle, but dircet belt drive of the spindlo, indepon-
dently of the position Hf the gear-box, is being ased mere and more froguontly in

1athes.

The usc of clectropremctic clutchon in ehingo-sp.ood gear-toxos makeos gradunsl

spood chinges possiblo by choaper muane than thu use of variable (stopless) trans-

migsions,

Dlectromagnetic clutchos make 1% poseibl. to change goar during machining, to

maintain a constant cpeed of wachining, 'md o excroisc romote control,
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Toble J rhows tho gmoneral techniosl oharactorietice of universal lathea of

the moet common types and ginog.

LY 'S Y Tedblme mwo wmompos Pomd swmemd o oy
LA maLe wawen UL WYY WAL AT AN LN

1

variation of the maximum distanoe botween ocentree, There are aleo certain modols
of lathes provided with an adjustatle frame which can be ©1id alomg the base,

thus onabling the distonee botween centres to be increaced still further.

In order to incroase the maximum perminsi%le dinmetor of workpieces, provided
that the latter are relatively short, wells are made in the forwsrd part of the
frame in front of the chuck, G3Sometimes the frame ie “"stretched” to accommodate
large diameter workpieces which are not too heavy by ineerting packing pisves under
the headstock and tailetock,

The equipment of universal lathes with copying machanieme - mostly hydrsulic -
permits automation of the machining cycle, and thiz ie particularly advantageous in
the case of series production, The came objiective is sorved by the preselection
mechanieme used on n whole range of machine tools for the preselection and rapid
change of gear wheele and the adjustment of the number of rovolutions to a given
value to su.t a given machining speed and a given workpicce diameter.

Semi-antomatic copying lathes notod for the high degree of automation of their
operating cycle, their increased pow:r and higher maximum running vpoeds have
become more and more widely uscd in industry in pecont times.

The latest advance in the asutomation of machine tools is their equipment with

programmed control mechanisme, the simpleet of which consist of electrie plug
panels, drums with pegs, etc. These mechanisms programme only the sequence of the
separate clements of the cycle, the actual form of the finished workpiece being
determined in such cases by a pattern or template followed by means of a szervoe

systom,

For instrument manufacture and other precision work, lathes of higher precision
arc produced., The increasod precision of thesc lathos is achieved through the uee
of high precision bearings and the more careful manufacture of all the vital parts,
Instrument-making lathes are charactorized not only by their high precision, but also
by their greater technological capcbilities, and particularly by their wider spindle
speed range and their wider range of foed rates,




Heavy lathes with s workpiece dianeter of 192% wm or more are manufactured in
twe or three different models for machining heavy, medium and lightweight parte.
The roughing and finishing machining om lathee is carried out wy tools made of
high~epeed steel and hard alloy steel,

Direct-current slectric moters are frequently used for the main drive of
lathes, and the total power of all the electric motore with which s lathe is
equipped may be zeveral hundred kilowatts. lathes can usually be controlled from
several pointe,

Copying mechanisme are used en lathee for the machining of complicated curved
or stepped profiles. For cutting sorew-threads, i synchrenous electric drive ie
enployed.

In addition to the lathes and screwcutting lathes used in industry, turret
lathes are alco in wide use fer the mase production ef small steel parte directly
from bars.

The mechanism for feeding and nelding the bar takee various forme, depending

on the diameter of the bar to be machined and the deeign of the lathe! the feed
and gripping may be manual, through a lever and weight: through a spring sechanise;
through a pawl drum, by moans of an eleotric drive with push-button control: bty
hydraulic mewns and se forth,

The advantage of these machine tools is that they can be set up fer simul-
tanecus machining by several toels mounted in a turret head with a vertical or
horisontal axis as well as by teols mounted en transverse carriages, they can
carry ocut a sesi-automatioc machining cycle, and they do not require highly skilled

operators,

Onoe the machine tool has been set up for machining a batch ef parts, the
operator can quickly become familisr with the neceseary contrel operations and can

attain high productivity,

The operator's work is made easier by the fact that whereas on earlier turret
lathes the gear changing i'as manual, and thus time-consuming and tiring, the
requisite number of revelutions per m’‘mute is now sclected in advance and the
spoed is regulated by means of a single handle. The use of friction clutchee makes
it possidle %o ohange the drive ratios while the machine is in motion, without
switohing off the ulectric motor, and this reduces the aumount of time spent on
suxiliary operstions,




Single and multi-epindle automatic turret lathes are deeigned for the produce
tion of parts from ocold-drswn precision reod and are wed i large-series m‘m
production, By means ¢f tho greup seiting method, they can aleo be effectively

used in small-scale production.

If automatic lathes are fitted with soveral transverrae carriages and turret
heads and alse with various extra sttachments, they can turn out complex-shaped
parts at a high rate.

Longitudinal-machining automatic lathee are widely used in the instrument«
making, watch-making and sther branches ef industry.

Tarret lathes are aleo produced in versions fittod with chuocke. A bateh of
ten to thirty parte ieg an economic size for mechining on well equipped turret
lathes or semi-automatic turret shucking lathes, which have dieplaced ordinary
lathes in many factories eongaged in series production, The power of the main drive

in semi-autematic turret lathee i¢ as much az 30 to 45 kilowatis,

By using a large number of cutting tools which move simultancously along
identical paths, semi-automatis multi-cutter lathes make it possible to machine
parts to their remquigite shape in zhort simultaneous oycles of operation of several
carriages. These semi-automatic machine trols, which are of relatively simple
design, are used for machining parts which are not %oo complex in shape, - ither
between centres or in a chuck, in large-serise and nmass produotion,

Semi-automatic hydraulic copying lathes usually machine the required UW
with a single cutter and can easily be readjusted by changing the patterm op
template and changing the tool setting,

Vhen semi-automatic hydrsulic copying lathes have a suffioiently powerful
main drive,the citting capabilitiee of hard alloy tocle can be used to the full.

Facing lathes are used for the machining of parts such as ringe and disce
which are of large diameter (several metres) but are of relatively small thickness
or height.




Wider use 18 made of vertical boring und *uning Lathoo, on which workpioces
which are not only of large diamotor but alse of considerable height and weight
can be oonveniently fixed and machined,

Deeigners ~re paying grast attontion te the sechanizatirn and autemation of
the centrol, clamping and release of the carriers and slides snd the movemont of
the carriagee of those machine tools. In addition, vertical boring and turning
lathes are now being designed te inearporate syvtems for the clectronic measuremant
of the operatiomal displmcement of thair main olamonts,

As well as universal machine tools, machine ool fictoricr ape produc i ng
ppecialized and specinl-purpose lathes whish have nttein-d a high degroc of
developmont in countries with sutomobile, tractor, and ehipbuilding industrics,
railway equipment and metalworking machinery, conetruction and other brancher of
'ndustry. These machiny tools are designed for latho-mechiring srankshifte and
camehafte, for turning the bars and rollere of relling =ille, for cutting tubes
and aloevos, for turning axies, wheoele and whee!l couples, fer railway rolling
51k, and for turming the basks of turbine blndes, boaring rings,and other parts.

Vhen selocting and importiing machine tocls, whother universsl or speaializged,
developing countries must wlways oconsider local conditicne and the prespects fer
tio development of home industry,

ke 2 guide, the table below providee - schematic olureification of the variocus
typos of machine tools in the lathe group nnd indicates the fleld of utilization
of the walr types.
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Table 3

Lathe group of machin: tools

[hasic tvpoe and eizon and technical parameters of machinoce

produced by the machine tool indugtry, cuwsmarizod for IOV R et

bl
/

Type of machine tool

Technical parwetors,
in me

Usee

Ze

3e

4.

e

Te

Table and pedestal
lathes

Hodium-size sorew-—
cutting lathes

Haavy lathes

Tarrot lathes

Semi-sutomatic chucking
turret lathos

Single-spindle auto-
matic turret lathes

Single-spindle auto-
matic longitudinal
mashining and shaping
lathes

Multi-gpindlic auto-
matic horizontal bar
lathes

lox. dian. 1
of workplioc.

100100

125=000

PUN=100) G Km0

1250=6 300 up to 20,000

18-170

[rom—

160=500

Wntchmaking, instrument-
making and precision
mechanice industirios

Une-off and series pro-
duotion® repair depart-
monte and workshops

Fenvy machine consiruc—
tion

Sories production of parts
from bar or from indiv-
idual workpiooos

Largo~soanle machining of
parte in large-series and
mass production

Large-eerics and mase
production of parts from
round, square and hexngonal
bar stook

production of precision
parts of oomplicated shape
from cold=-drawn high-
precision bar for the
watch-making, instrument-
making, optieal, electrical
and other branches of
irdustry

of bar of part machined
] E0miF0

Iwmd O 5 0m 30

10--140 16020

various lathe operations
in large-serios and mase
production




Table 3

{comttd)

Wour -

Multi-epindle semieguto-50.0%0
matio horigontal
ohuoking lathos

Gear-nilling laithes Y A

Semi-automatic multi-
cuttar contre lathos
{horizontal and vertical)

Faoing lathes

HMax. diom,
of workpiccc

600=25, 060

Voerdical doring and
turning lathos

diam,

125600

:‘éuo i«s}mfth
of workpiscc

up te 207

Fax, hoight

*Kﬁkx Eﬁ@

Vardous 1ithe ovcepations
in lappo=gorics ond moss
production

Cuant it nachinire of
hohbing oitlers, cutting
Yece wnd profil. ocuttors
wnd of tools with ctraight,
el ligne and ondemil?ed
cutting alroee

Largo-genl. roughlng and
finic hing machining of
parts such =8 stepped
shafta, c*c. High pro-
ductivity ir achicved
throueh the high powoer of
the drive, the rigid con-
struction, wnd the maltiple
cutting toolas,

Haohining of thin Inrgo-
diameter rarte such as
rings and ddgor made of
forrous or non-forrous
aiale

Hachining and bvoring out
of oylindrical and conical
surfroee machining of
grooves, drilling, rceaming
and turning of heavy (up
to 530 tonnes) workpicces
for tho hosvy-machinery
congtruction industryv,




rilling -oohinos

Phie rrour o1 rmecbing *o0ols comprisoe vertical 2»illing machites {including

tible drilling machinec), radial drilling machincs (inelading transportable machines),

doep Arilling nachinoes (both veriieal il horizontal), scrow-outting machines,
contr> boring machines, nd automatic rnd cori-nutomatic cortre milling machines,
Uporations such as arilling, ovantecboring, brosching, reaming end sorew tapping

e be perforucd on these nachines,

The moin designe of Ariliding machines are verticnl ~oluwmn drilling machines
and radial arilling machinos, he Tisst gype o~ for dril. ing holes in eprall work-
plzoee ho'd in jJaws or in dige, nnd the axis of thoe espindlic nnd tool is fixoed,

!

The second type e e Jreillung holon in heavy, bulky workpiooes, when it ie easior

o roave the drilling hesl tha the sorepioce to pass from one hole 10 another,

The "nereascd demand for nrecieion, vigldity wd vibration-resistance in
mackine toslz pre led mapuf~cturors %o produwde radial drelling machines with
wditional sunparis, reotaynar tablor moving hetwoeon se-ordinates, and round
vevolwving %ablos, -nt in receal soars drilling wechines o the portal type have been

producea.

1n erdor to innreste ho productivity of labour of drailling-machine operaters,
thore machings vy roviced with tup=ot tonl heals o in roue coses with sutomatio
tocl rhange, whil- oo-opdinnto orows Soblee ape ogalyned vith meckanisme to auto-

ante tae dirpracoomrt of tho table betwoon co-ordinates whep machining. .

Tha use ol rosgpyoammcd comtrol eneurcs Pully entonsted couirol of the soguence
uf oper alione, the criari shoont of the co-urdinates, the retting of the tool and

wie nalting: of *he mhiring process when sompleied.

the rain aovenernis of mackine «lenmerts ore boing mochanised to an inoreasing
derece, porticularly on keasy mnchine *ools. For osxarple, large radial drillirg
muchiner wavally bave mecnanisod novemert of the drill aesd ir the sloeve ae well
g moechonieed clamping of ihe drill hosd, the slegve and the oolumm. All the
sontrola are ajtuatoed within casy reach of the operzlior., Hony firme produce
naching tools on which only the final fino setting of the spindle head support

fe O manuallye  On ecme modole, the movoment, turning, raising, lowering,
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clamping and veluase of the @leove, pole-changing and ad justment of tho rotation of
the spindlc drive, ar wull as ongngoment of tho food whon drilling or scrow
threading, are all carricd out by manipulating a1 sinelc hndle,

On alli-purpose universal machines, the slccve carrying the drilling head oan
be turned through 360° and adjusted for hsight in a dirsction parallcl to its axic.
The drilling head oan be fastoned in any position from +)0° to -90°, and the feed
stops automatically at a pre-sct dopth.

Yodifications of vertical and radial drilling machince arc also preduced
for co-ordinate drilling work., Such machinos arc cheaper than the corresponding
types and eizor of boring machincs and give oatisfaoctory machining reeilte when
high precision of positioning without a jig iz not required,

In series and large sories production, multi-spindle line machinee with 4 -
or moro spindles arc used for the succoseive mwhining of onc or morc holee with
different tools. Vertical drilling machinee with sulti-spindle bell-type heoade
are also used in the same type of poduction. The spindles are articulstod and
change position to suit the poeition of the holss in tho workpicce., Machinc tools,
in whick the ocutting tool is a wire-like drill working with abresivaes, are being
produced to satisfy tho requirements of special branches of industry for the
drilling of small-diameter holes in extromely hard materials. Thowe drille not
only rotate rapidly but alsc simultaneouely vilrate in an axisl direction, and in
an oight-heur day a machine tool fitted with them can dri)l 200-400 holes.

Automatic centre milling machines may be used for the centre boring and
undercutting of the end fnoces of workpieces in machine~building factorios where
the length of the production run ie variab' o. Theso mechines simultaneously mill
both end faces and thus onsure paralleliem. The perpendicularity of the sentre
milling to the ond facee makes further machining unncoessary, and only finishing
undercutting iz neceded,




rilling m

{basic typee and sizer and technical parapetors
of the nachince producod by thne machine bool
induztry -t prosent, swwanrized for goidanco)

achines

and rimilar machine toole

NS I

of maching i

ashnical poramotors

LR

Lo

&

&

e

Trilling din,

able drilling machincs

ertical drilling nmachince

‘ortinol drilling mochines
vith extensible spindles
(ap to 470

ovablo
nachines

vadinl driiling

Taoial drilling mochines

Co=ordinat. drilling
~nohinee

iuntomatic nd copi-

wtoratic contre horing
cad contre nilling
sachinces

i min
L up to 15,00
Tom="5 up to 4,00
frow o up to 1,500
2575 10 1000
Ga=100 25w

up to 30 ap to 1500-
or morc 2000

. diom,. up to 5000~
and longth of  ariiling: up
workpicouo to 120U
from 10 x 120 millingt up
te 100 & 27000 Lo 700

Nuambor of rove/

Drilling, countorboring
reaning of holoes in
small workploeooes

Drilling, countorboring,
roaming and sorow
tupping of workpiocos
held in s clamp or jig

Simaltansous drilling
of groups of holce

Drilling oporations in
differont plance on
large, hoavy workplocos

Drilling operations on
workpiccos clamped in
pluce

Irilling, milling and
horing oporntions at
Towor lovel of
procision than with
Jig-boring machincs
Drilling, ocontre

boring and milling of
ond faces of workpiece




w;‘ ngz _machinos

In this group wo fi.d horizontul boviay aachinie, ile-horing rchiooe,
diamond-tipped boring machires -wd composito mechines, and wloo machie todle £y

decp drilling and boring sn well o various srociclizod ruchines,

Tho main trend im the derign of bering nachines, whish hoe hooen pertisvlarly
marked in rocont yoare, is to inmcroceed pre:ision ~nd woductivity wd towards

furthor sxtension of ‘h tochnciosic.. possibilitics of horizontal borin nnchinaes,
P

Mowern horizontal Loring wachinse have Arives of highor poucy which »rable
them to do hagh-production willirg e well - toring., These meohinee heve rigid,
solid frames, supports and opindle olomonts who 0 zive ther adeguts ibeation

regigtance whon carrving out heavy milling oporations, ™ wroalzo oqaippod
with various noccessories -nd itome of auxiliary quipment (reund tablo s, copying

equipment and 85 on),

dy tho use of dircot-curront clectric motors, whose spoed ~an b rogulatod
over a wide rango, tnc feed raty omu be chansod during the nachining nrocose ard
the kinomaticr of the machin. tool ocor be simplifi.d.  The fact that the main
drive can be regulatod makee it easisr to selont the optimu. mochini g gpeods 1o

it the asctual conditione.

A suspended ocontrol panel, with devicor for visuully sheskeing the oo-ordinates
of movement, anabioe the operator 43 contrel the ~wchine tool from any point which

is conveniont to him during the machining procese,

The following improvumente ho.e becn made by dosigners to increace labouw
productivity om horizenia: boring nuchincs:

Inorcaped munning speed;

Higher leval of mochanization and further perfostioning of the control

systom and of the roference and measuring syston;

Provision of machinc .ools with individual lifting dovices to
mcchanize the filting and rouoval of accessorice and heavy tools
(milling cutters, mandrels, ote.),

The use of multi-position drume with inecrted pege, adjusted in accordance
with the referencoe and measuring system when thoe first part is machined, provilcs

the basis for tho mechanirzation of subsequcnt repeated co-ordinate displacoments

of the elements of the wachinc tool when machining o batch of identical parts.




Copanres oo inorowy the provision of horizontol borine mackinen heve procoodod
Jdong two linco:  comviruction of high-orocieion modols ag wcecurato as jig-
boring nechines, and farther improverent of the precieion of ordinary boring
machiner,  This lottor ilmprovoment in procindion has boern offectod by tho use of
nighor-prosicion =oasurcnont eouleoe nd ont eal rensuring st whononte, by
reducing tomporoture dofaruations | partivularly fomperature dieplacemcnts of tho
epindle arie ir the mo~hining ;rocoss), and hy increasing the procision of elow

machine movenorts.,

Several firemr have barun 1o produce prucision horizeontal boring nachinee for
boring aolse in eolid vorkpieces. On *noere nnchinee, the co-ordinates are sot up
by mcane of rorroy horozortal snd vertizal stripe with noles in which poge

defining the woveoment of tho tanle ond o the epindle block are insertod,

Universal horizontal boring sschines of guall snd modium gizes aro manufactured
with n fixcd support, «hile those of larg eizes arc producod with a support which
g movable in the lompitadinel direction, Un perticularly hesvy machince the

forwerd support is wovallc ‘n both the longitudinel snd transvorsc dircotions,

Table % provides a guide to the toohnical charactoristics of horizontal boring

machinog rroducod by the mechineg tool industricr of various countrios,

Thegn nachines =may bo upoed in industrial production wd in ropair shops for
the boring of holor in celid workniccooe,  Thoy nood to bo operated by skilled
workors.

A conglacrable rusbor of noacrn norizontnl borins machines arc oguipped with
progrommed contrel, vhich saves lebour andg ineressss thoe productivity of boring

maching operatives,

Tig-boring mochines nrc us.d in both one-off ard sorice production nad onable
precision boring operations to bo carricd out in accordance with co-ordinates

without the wee of xpensive guidancoe equipmont.,

On theso nmochince the co-ordinatos can be ostoblished to within 2 nrocision

of v -- % nicrons (dopending on the gize of the rachine) through the use of

W

procision-dividoed indux ssales, optienl anasuring devices and interpolating
reference systome. The high precieion of jig-boring nmachince is nchieved

through the incroasced rigidity of their Ifranmc clements, tho reduction of heat




deformations and of chance errors and the use of wear-resistant relling guides,
which considerably increase the sensitivity attainable in displacements between
co~ordinates,
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Isprovements in the design of jig-borire machines with a view to increasing
productivity and conveniencs of operation have been directed towards the mechaniza-
tion and automation of the movement nf the machine's working parts, the pre-
sslection of co~ordinates, the rep.istior of running ¢pceds and feed rates, and
the mechanization of tool changes ,

Inoreas ngly wide use is beine made of various systoms of programmed control,
to automate oontrol of the eycle of co~ordinated displacements of the table and
carrisges and mMile out the poBeibility of operator arror,

A numbar of firms are preducing semi-automatic machines or whish *he who ]
machining cycle - including the rapid approach, working feed -nd rapit withdrawal
of the spindie, the chang- of machining ratee, tool changee and ~o-ordinate
changes of the working parts - i sutomated,

These semi-automatic machines are complicated in songtruction and are not

yet in wide we,

Where high precision is not required, it is advizmable to uee cheaper machine

tools of lever precision (0,02 mm), which have a sufficiont degree of mechanization

to yield nigh labeour productivity, These machines permit presalection of rumning
epeeds and foed rates and preciss eetablishment of pre-selectsd co-ordinate
positions by sutomatic means and they are fitted with push-button contrel of the
ad justments of the various machine ¢loments,

Generally epeaking, Jig-boring machinee are preduced in 2 wide rauge f gizes
and in varicus classes of precigion, g0 ae to allow rational sclaction of the kind
of machine suitable for the production conditions,

Horizontal and vertical fine boring (diamond boring) machine tools are used
for the fine boring and machining ¢f cylindrical surfaceeg, and arce the moet
economiocal for large-sorics and mass production. Usually, these machin: toolie are
already set up for the machining of a particular part when purchazed.,
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Goneral-purposc oolurg and-knes milling mechines re produced in the form of
horizontal machincs with rotating or fixed tabl e, of vertical machinoes, on th.
basie of which ocopy milling machince arc comstructod, of machince with programmed
sentrel and se forth,

Small colwmn-and-knee milling machines - with ~ * L1~ width of 107wl00 mpy o«
are intended for the rachining of small workpiceoe med. of non-feprous metale and
alloys or plastios, ~nd for th. finiehing milling of parts mad. fron rtos] op
oast irom,

The longitudinal, tramsverse and vertieal focde un thoeo machinos hmf:gy be vithor
mechanized or mamual. Om automatod .achin.s 4.4 in geriee production, the
longitudinal foed of the tablo ie oarriod out fron = dru actuatsd throush the
guarbox,

On machines with < table width of 2. mu or morc, the moavement of the table
in all dircotions is mechanizod, and tho nachine can usc both nmilling cuttors of
high-speed stoel and thosc providod with blades of hapd alley. The tochnologisal
capabilitice of the maghince arc incressod Lf various wdditional accussorio
(univereal dividing héads, .xtra oams for the contral of wutomsntic cycloe, ote,) and
cxtrs ende fnivorsal nilliag hoads, boring heads, glotting attachments and grinding
heads) are obtained from tho supplying factory at an oxtra charge, Tho mz;ufamumm
aleo produce highwéf;@m& nodifications of machines whish differ frem the basic
modols by their rore powsrful olcotrio drive and their incrcased range of epccds
and fred ratos,

All-purpose nodols with a milling head which can be turncd in two plance and -

univereal rotating tabl: ar. also manufactursd, Theose machinoe ar: bascd on
horizontal ocolumn-and-knoo milling nachines and ar. oquipped with racking and
slotting heade bosidos the usual wcoossorice nd auxiliary cquipment, All-purposc
nmilling machinoe arc of high precision and urc wostly uecd in the tool-naking,
instrumont-making and repair shope of nachinery manufacturing works,

Coluanless nilling machinoe with cross tablos have 1 more rigid tablc cone
struction than colwm-and-knoo milling machincs, which enabloe then 0 machine
workpiccoe of large siz: and welight,




Copying milling nachinee are prrduced »n the basie of either oolunn-and-knee
or cclumnless types »f milling machines, and they may have vertical or horizontal

arrangoment of the spindle.

Engraving cepy milling amachinee fer copyinge ccording to two co-erdinates

(in a single planc) and fer three—dimersisnal coepying can do light milling

werk (t.e milling »f shallcw pross dies, flat templutes, patterns, ate, ) and

engraving ~f naweplatcs, desims wnd figures, In these machire teels, the
tracing finger 1s moved manunlly and the cporating principle 18 based on the

reproduction ef designs or shapos,

Ir the cepy milling machirce preoduced by machine tool firme, mechanical
e ] L

slectro-mechanical, and hydraulic enpying syertoms sre used,

In apder tc increaso preductivity in cepying werk, machines preduced in the
lagt few yoars have shown a trend towards merc powerful main drives, a wider

range of spindle speede and the use of twe or mere spindles,

The requ’rement for powerful and rigid copy milling machines has led tc the
development of the oclumnless milling machine ss the baris for copy milling modele,

In industrially developed countries, cclumn-and-knce milling machines have
becn autemated by th use of programmod control mysteme, which enable the setting-
up time af the machine to bo shortened and enable ~ne oporator t2 leck after

saveral machinoas,

In the simplest systoms cf automatic contrel, programming is effooted by means
of plug-ir units pliced one after another en tho contrel panel in order te secure
the proper sequence of eperations, The magnitude of sach movement of the elements

of the machine ie defined by the distance between stops,

Universal planc-milling machines arc used in one-off and scrics preduction for
the machining cf large-dimeneion solid-type workpieces of casgt iren, steel or none

ferrcus metals,

These mochines arc produced in single-suppert and two~-support frrm, the first

of them fitted with a column-type crossbean rather than an erdinary orossboam,

Singleo~support plano-milling machines with n column~type crossbeam are
suitable far use in repair shcps and in one-off production workshops., They make
it pessible to machine large workpicces which cannot be machined on two-support
machines of similar table width,




Plano-willing wachines .re cons iderably more rici! thon ool wm-and-knee “dlling

machines, which seans that they are capable of machining with greater preciusion,

The machining of a number of workpieces after = vinele setting of *he machine
considerably cuts down the auxiliary time. Deduiction of the auxiliary $ine iz
achieved by equippins the machine with mechanisme o govern =ovaments of —ar ous
machine elements and for the sett ing-up of large diveter wrtore and milling rutters,
by mechanizing the locking f movable parts, increasing the speed of quick digplaca-
mert of the table and other parts, and Yy making uec of pemote contrel,

A large mumber of special-purpose michine toole ire constructed om the bag . of
universal plano-milling machines .

This group of machines includes the following basic typeu:

le longitudinal planing machines:
single side
double mide
edge~planing sachines
combined planing-milling-grinding uachines

Shaping machines:
with mechanical main drive

with hydraulic main drive
with electro-mechanical main drive

8irtting machines:
gonsral-purpose
portable

4. Proaching machines for intermal and extornal broaching.

Machine tools of the shaping-machine group are widely used in one-off and
geriss production in various branches of machinery construction, and their prodac-
tivity and precision of machining is constantly being inoreased through deeign
improvements,

Shaping machines have number of undeniable advantages which have won them
an establiched place in the iiste of oquipment produced by machine tool manuface
turers. The main advantages are: high productivity of labour when machining
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leng marrow surfaees, simplicity wnd che press of the cutting teel nnd eimplicity
of sharpening, nd the proasirality of ~orpyaeng ut clesn Pinsshing anping (inmto~d
of sor pine ard prinding ) A1 rhpiecos, taus epruring eood regalts from the point

el oy o o1 murfee mechining,

cf view o clony finich - nd g
When adly ~ne urpkpioee o0 complacnced peefile oo te be anchired, the sost
sconomioal mothod of moaniane e sharinge »thor ther milling, which invelves a

complic ted and cxpensive 1oty o of millone cuttore,

The use of ccmbined shipings=11lling=srinding ~inhines whon working on heavy

frame parts of wachincs g seds nicobly econemicnl combintion of the operations

of shaping, milling, boring anu privdine, witnout aoed te wove the serkpleca.

&

A practice which g wro t conve lonce to Lotn tho mrufacturer and the
consuncr {particul rly ir the cvert ot ropuir) - wd fellewad by several machine
trol mapufacturers - 18 to owity te o coneuderstle deeres the partis aeed in longi-

tudinal planing machince, plorc=-nillirgs o ohines nd lengitudinal grinding machines,

28 this preatly reduces the numo.r of different parts ueod in these machines,

Sheping machines onn be oriipped vith copy.ne surriages [ the two and throe-

dimengional oopying of werkpiecos of compiizated profilo,

The moet important technio ] prrumeter of the phoping machines used in one-
off and serice production sro the meximum trovel of the slide, the dimenecicnn of
the working surfces of the tslle, the distuco fron the besring surface of the
cutter to the frame, the number of to wd fre mevements of the slide por @minu.e or
the spoed of the slide (for mechincs with hydraalic drive), and certnin other

fenturee,

The technological asprbilitics of these machinee cun be congiderably expanded
4 o

by using universnl rotating tables,

“nm  general-purpose mochine toole it is poseible, by using the approprinte
nttachments, to carry cut various operations suchk ~o nochining of cylindrioal nd
conical dises, radius ploning, copying from o fl-t pattern, bending, thread-relling

anil so forth.

It is ndvantageous to equip shaping machines net only with screw-operated

machinc clamps, but alsc with hydrrulically opernted clamps which cun be switched

into the hydrauliec system without disturbing the norm 1 cperation of the maching
tool.
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Ceehanirntior ot the cutter feed im conoralepurpocc machine toole ig aleo
froquently ot with,
Mhe limone.one of the worin.os whkiok i Leine cround arc checked either

maraa y o Y pnounatiec cr.co with o an ciccotie ita transeiseion dovies,

f the hoad and t i :tooks of the machine ecan be turpod amd 1% i fitted
with ermipment for intorm crindins, both cxtorns’ and intorma’ oylindrical and

conica' surfanng can bc rround,
fertain machine tools nve autornated osdine and un'oadine of the workpieces,

Sontraloss srindine machines ean atvantagodinly be uscd when erinding laree

batehes of parts in largo-sorios and rass production,
Thege machine tools =zroe amun' y of sne of two basic typee?

le lmchinca with 2 firod supnorting bindc and uovable -rinding and driving
hﬁﬁM‘f‘;
2, lachines with a novab'e suprort binde and a movab.e drivins head.

e advantaro of tho first Javout ie that it gooures s high degree of
vibration resistance tecause the fast-revo ving spindle and abrasive hoads are
‘ocated in thc main body, firmly fastened to tho frame of the machine. The
machine is desigmed in cuch a way that when the driving head block is moved
along the inclinod guides, the workpiecc is pressed harder against the driving
head and therc is consequent’'y butter brakine of the workpieoe. .

In machines of the socond type, the line of disp!accoment of the workploece
ig constant and tho rrindin~ disc ie moved up to the workpicce as the diso
woars down. This makcs it unnccossary to move the loading devises, and the
driving hcad is more rigid becausc there arc no inturnediate carriers for the

support blade.

lHachine-tool manufacturers arc producins contrelesa grinding nachines with
mamal, semi-autouatic and automatic control, Semi-automatic machines for inoisive
or longitudinal rrinding have incision muchanisne, adjustmonts for wear of the
grinding disc when rinding, and compomsation for reduction of grinding disc
diameter. ‘utomatic machinoe speoially set for the srinding of e0lid workpieces
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are produced on the bauis »f somi-autonatic srindine Caeninem. o lorm univoroans
interma’ prisdin. =aehincs hove fuite m high L.y of wanhan.gation o f the
machine movemcnt and nutomation 5f the eontrola, thu: makin-® 1% pocy. ™ o [n- thes
to carry out A sumi-sutomatic Frinding oye o whor wirking on . butch of tientics
workpioces.

Universa! int.mma arindimg ninchines for the ronding of conica worknionoe
are provided with means for turning the workpiccc ¥ oW in the hori-ort . i,
It i advantareous if “th the internal hols of a workpicss and the cyterma nt
face porpendisular to the wis of the holv oom ' pround without rolo wWdine the
workpiece im tha machine, and this ir oade pognit o by 2m mi-ccindine attachmont
fitted %o the workpises hoad,

Both ay!indor-and-oonec Frinding nmachines nd interna srondine nachines are
umiznlly also produc.d in hisher-preeision version~ which Tive minims Yimoncional
doviations of mos rore than D.5 micpons for circu.icity cpd -2 ricpons for
dimensional accuracy.

Various specialized typee of machince are congtiuct 3 on the basi . of uyrie
versal srinding machines, such as machines for ~vi nding camah-~fis apd crankshafts,
workpiocos which arc large but not hervy (Uege the rotore of jat ong ncs), bearing
rings and so forth.

Surfage srinding machines are produccd in various types and for various
funotions,

lachincs which grind with the poeriphery of the 1rind.ne disc producc work
of a high dogree of diromsiona’ procision and give a good fin‘ah to the ground
surface. Whon the requiremonts for precision and quality of finish arc not so
high, srinding machinea with a highor output whieh usc tho facc of the grinding
diso are omploycd,

There are four basic types of surface grinding nachinca:

1. Thoso with » rootangular tad e wnd a horigonta! spindlc for grinding
with the poriphery of the grinding diec;

2. T™hose with a roctangular tabls and a vortioa: epindlc for grinding with
the froe 07 the erinding diso; :




Y. Mhoac 1tk o round b o oamd o horigontsn epind o for erinding with the

poriphory Sf the ~rindinge dise

4. "hoa. with - round t-2'c and o varption) spimd' e for erinding with the

faca ~f the srinding 0o,

Proeision rochine s with o horizont spind o and rootancouiar tible apre proe
duced for ton. shons., Theege machines oroe notabio for their incrossed riridity and
for a mumber o0 lesisrn featurcs vhioh are necvssary in order to attain high
precision wmd o7 fini he The $b1 and earriage of the machine arc usually

mountod »n o’ liny ridon,

o sheout-mut surf ce srinding sachunes degtnod tor use in corios produetion
oporations have 1 hivh-nowcred grindirs boed drive, 2 roctansuliar $9ble und a
horizontal or vorties’ gpiadie. In simplificd worsiomas, only tho bavic working

novomenta sre rochenizod and the oyele ie sontrollod by tho oporator mormally,

On somi-sutom~tic machine with con=tant automatic cheoking of the workpiees
dimensions, the autountic machining cycle covera both the roushkiny and finishing
srinding and the halting of srindine when the roquisite dinonsions have been
attained,

The argest murface srindine machinee -ro produced in portal form with a
reetangular tab'c.  There nre scoveral difforent modo’s of these machines, difforing

in the mumber =nl $ype of erinding hoadas fittod,

Tiachino tool manufacturcrs arc aleo producing doublo-asided ord-face
grinding machincs for tac simu'tan~our grinding of the two ond faces of parts

puch as disce, rings and roliers,

Rough crinding machincs arce usced for olscaning up various rollcd soctionas
e.g. round and squarc suotions, slabs and tudbes, The usc of mochanised machinc
toocls consider-bdly increases labour productivity, clininatos hoavy mamual work
and improvos workins comditiona,

The neohanization of ladbour in roushing and finishing work ie also achioved
throush the une of etationary, susponded and hand grinding uachinos,

Thread grinding machinos are used in tool making for thoe productiom of sorow.
threaded ncamuring and cutting tools and high~precision throaded paris. ‘




The thread -“rinding machimes n at ‘remiont.y used in industry ape th s f
universal typc, which are usol mainly f r grinding ey indric. and o nici. serow-
threade ( n b th cxternn! and intorna) surfacer), prindins preciei v gerow-thronds
and woms, producing knup’ ing r 'lera, nnd re’ Laving mcrow tops and amal . em due
hobbing cuttors. In rdcr ¢t make the dditi me a vemonts (whom re Loving,
milling enus and o f rth) which -re necosmary whon machining t e f difforent
types, universal thrond ‘rinding nachines met bo squirned with the iprr priate
mech nisme and attachments, with » ¢ nsequont mubstinti inerocac in tho ¢ e
plexity f their dosimm,

Fachine=t ) mamufacturers ~rc producing speeisiizel throad frinding nchincs
fir oarrying wut imdividun! typee f porati ne such s rinding throwds { erent
longth, erinding interma! throads and o f orth,

Ordinary grinding machincs, which aurs indisponsab' . b .th in the amn’ o8t worke
shp and in the produeti n dopwtments .f groat machincry-buildins fict rios, arc
produced in a wide range f types, varying fr o the sinplest bench rrinders t
speoia’ mut.matie grinding mashinoe.

The best type grinding machinc £ r usc in thc mechanies® moinecring worke
shope f emal) fast ries is that conaisting f tw abrasive dises oounted rn the
onde >f the shaft of a suit bly housed cloctric m ¢t'r f r manua sharponing ~nd
grinding sperations, Tho abrasivc discas are housed in canines ¢ nnected t- =
dust romoval plant, »nd a r¢atab o tablc n which cuttins ¢t -1s ~re rented for
-hmmm mkés it prsgidle ¢ sceurc the dosired 1o metry f the sharpcned t0-1
odpo,

These nachines arc usually fitted with oquipment f r sharpening drilis and f-p
the dreesing of tho sbrasive discs with ut the use f 2 diam nd drossing device,
They oan als) be fitted with uffing heads.

The dimmond drossing and finishing of grinding discs, which ie particularly
Begessary when o olean groumd surface m the sharpencd edgc >f 2 t091, rectili-
nearity and sharpmoss of the edees, and procision f the radius at the cutting
Po1as of & 3001 ave required, mist be oarriod wut -n grinding—whool drossing
m mlx oquipped for this purpsee, which smotimos take sevornl grinding
€008 o ome wpindle, |

i
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The eloctrochemica’ sharpenine of hard alloy tools is carried out by means of
a grinding disc consisting of diamond particles in a metal binder, with a low-
tension (6-12 volts) current passcd between the diamond disoc and the tool that is
being sharpencd, through an electrolyte which is continucusly supplied to the
grinding aroea,

The electrochemical sharpening of hard alloy tools is two to three times more
procductive than normal methods of sharpening.

Special clectrochemical grinding machines are produccd for this purpose.

gear cutting machines

Gear cutting machines are divided into gear milling machines, gear shaping
machines, rear nlaning machines and gear broaching machines, dopending on the
nature of the narticular operation they perform,

The machincs most widely used for producing cylindrical gear wheels in the
machincry-construction industry are reer miiling machines, which cut gear wheels
with hobbing cutters, cutting disce and ond milling ocutters.

These machine tools are of high output and have been widely adopted in industry,

as have the tools used on them,

Both the roushing and finishing machining of cylindrical gear wheols is carried

out on gear milling machines.

The most widoly adoptcd ani eamily readjusted zear milling machimes for the
small-serics and series production of gear wheels arec those which operate by means
of a tool moving along the tooth that is being out.

In large-seri.s and mass productiom, it is more advantageous to usc machine

10018 vhere the workpicce is moved along the ocutting tool, ae such m<_hine tools

do not takc up much factory floor space, and when oquipped with suitable sutomatio
loading devices they are transformed ingo fully sutomatic machines. The disadvantage
of these machine tools is tha large amount of time and labour required for uheir

read justment.

Table 6 below ~ives some gemera! technical parameters for widely used universal
goar milling machinos with vertically moving oarriages. These paranoters are an
index to the mach nce' capabilities under normal working conditions.
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Tablo 6
Naximun diamoter of gearwhools which can be machincd
Paremstors 200~ 400~ 630~ 12%0 1800- 2500~ 5000
25 500 800 2000 3200
Maximum module 4 6-8 8-10 12 18-20 18+30 40
siso, mm
Numbor of revo- 45-450 40-310 40-310 32-200 8-100 10-60 10=60
lutions per
nimte »f milling
outter
Foed rate, per
rovolution of
the workpiece,
P
- Iﬁ‘l 0. 32"‘ oc‘- 0."’ 005- O. 3“ 0. 3" O. 3"
3.0 5 5 5.6 15 15 15
- Mﬂ&l 0.03- 0.2— 101- 0.2“‘ 0.06— 0.0‘8- -
1.0 2 1.} 2.5 1.5 1.5
- tm‘m 0016' 0. 15" 0:1}‘ 0.08- 0.08- 0 08— Ld
2 ;) 3 3.8 15 1.5
Powsr of main 5 7 7 10 14 25 25
oleotric driving
motor, kW

In one-off and small serics produotion it is economioal t- use not costly
highly sutomsted machine tools but simplified modols >n which the setting of the
nusber of rewolutionc per mimuse, the milling ocutter feed, thc dividing mechanism
drive and the differontial mochanism is effoctod by changing gear wheols.

Qear millisg machines must be operated in acoordance with the instructions
ummmamuummmx. and measuring instruments arc
essential in order %0 maintain and vorify their socuracy. For this purpose lovels,

Y17 opares, streightedges, neamuiring geugee, mininotors and mutocollimators arc
W mm‘

Oear sheping machines have a loer output than gear milling machines, mainly
w«mmmmwmmumm, but thay are
mmm«nmmoﬁuhnwuxtunmammmmu
uwm ‘

I —
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At the present time, all gear shaping machinee are seni-sutomatic and can be
divided into the following categorice:

1. Vertical machines operating with a cutter;

2, Vertical machinee operating with a multi-cutter head;
1, Horizontal machinee operating with chasing tools:

4. Vertical machines operating with a chasing tool,

Special models of these machine tools are aleo produced fur machining racks,

On vertical machines operating with n cutter it is possibtle to mwchine gear
vheels with a diameter of up to 3,000 mm, a tooth module of up to 12-15 mm and a
tooth length of up to 200-275 mm. For machine tools of the romaining categories,
axcept for the second, these gear-wheel purameters are almost double. The finishing
machining of gear wheels is carried out by the process of gear shaving, which has
been widely adopted in large-~series and mass production branches of machinery ocon-
struction, such as the automobile, tractor, aviation and other industries, in whieh
tho stability of the gear-making materiale and thermal treatment of the workpieces
make it possible to dispense with subsequent finishing operations after hardoning.
The minimal deformation which nevertheless occurs is provided for in advance by
corresponding correction of the shaver,

In industrial production, the finishing machining of hardened gear wheels is
1sually carried out by gear grinding. On small-module (modules up to 1 mm) gear
wheels, the whole cutting of the teeth is by grinding of the smcoth workpiece.

Gear grinding ie an expensive and not very produotive process, and goar
grinding machines require highly skilled operators. But the growing demand for
precision gear wheels to rum at high peripheral speeds is ocausing an increase in
the use of the goar grinding method.

The goneral characteristics of five basic typee of gear grinding machines,
grouped acoording to principle of operation and field of utilisation, are givea
below,

On these machines, the workpiece is given a slow rotary and forward rolling
movement in ocontact with the oonical edge of an abrasive disc, which moves guickly
along the tooth,
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Depending on the design of the rmachinc tool, the sides of cnoh tooth nrc sround
oither alternatcly or simultancously, Indexing of th: vorkpiece ig effeated 2t aa
ond of each rolling stroke.

Maohine tools which operat: scoording to a presct iutomatic cycle, including
correotion of tho grinding diso, aro very easily rcadjustod by means of int .r—
changeablo gear wheels, and arc uscd in both one-off ~nd tmall scries production.

IL.

In these machines, the roiling novement s cchicved by an rvolvent cam while
the indexing movement is achievod by ¢ epecial indexing iisc, Only one gide of the
tooth profile is machined at a timo.

These mackine tools are mot univereal and thoir productivity is low, but duc
to thoir very short driving train they afford high precieion and they are used in

tho toolmaking industry for grinding gear cutting tools, shavers and calibration
goar vheels.

ItI.

The special feature of these machine tools is that they can eimultaneously
erind both faces of a gear tooth, and s the workpiece is moved along the abrasive
disc, teeth of consideradle (ength can be ocut. Because of the emall area of |
omntact, there is no local cverheating of the teeth. |

The machining of the teeth is of high aocuracy, slthough less than on machines
operting with & flat grinding heed.
w' Basite d w ) ' Lk & X

These machines have been improved in quite important respects in recent years,
and the wethod of profile copying is beccming inoreasingly widespread. It is used
ot present for sachiaing aylimdrioal straight-tooth and spiral internal and
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The disadvontage of these machine tools is the high cost of dressing the
poofiled grinding head. 'Inlese ordered with the machine tool, the necessary
evolvent templates can only te made if the user has a toclmaking shop and skilled
&wuge makers available.

These machine tools are used in large-series and series production, as thay
ere four to ten times more produotive than the other types of machines. This is
due 1o the ccntimuous nature of the machirning procese and the large cutting surface
of the tool.

The latest models cf these machines can grind gear wheels with barrsl-shaped
teaih,

The main types -f machine tool for producing oonical straight and spiral-
tooth gear wheels are gear planing, gear miiling and gear ocutting machines, all of
which operate with cutter heads, and gear grinding machines. Gear lapping, gear
inspection, cold working and other suxiliary machine tools are also produced.

Bocause of the possitility of their universal utilization and the simplicity
of the tool used, gear planing machines have come to be widely used for the one-off
and series production of straight-toothed gear wheels, These machine tools are of
low productivity, however, and the machining, for example, of a 40-tooth gear wheel
with a 6 mm module takes at least thirty to forty minutes. .

For this reason, higher-production gear milling machines are being more and
more widely used in industry to produce straight-toothed conical gear wheels. As
the setting up of these machine tools is more ocomplicated than that of gear planing
machires, and ac the coet of the milling cutters is oomsiderably MM than that
of ordinary cutters, these machines are only used in large-series and mass produo-
tion,

The good operating qualities (smoothness of runming and durability) of spirel
bevel gears, and the faot that a simple multi-cutter tool (cutting heads) can be
used for machining them, have led to the oreation and expansion of demand for gear

cutting machines for machining spiral bevel gears,
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Gear grinding is used to produce high-precision
f from hardened workpieccs.

sylindrical and bevel gears

In mass and large-series production, lapping is frequently used instoad of
gear grinding to produce precision gear wheele from
inoreases productivity and lowere the coat

press~hardened blanks. This
of mechining.
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