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In the sclution of pr.blems of imprc.ing Vhe orgmnisation, control and
servicing of production cperetions, an iaportant part is plyed by the var
fous technical and orqanisationa. measures which, together, make up the
technical preperations for production., The proper organication of these
technicel prepesrutions is the basis for subsequent technical progress in
the iaprovement of the Vechmology, organiration and economios of production.
T™he outacded systemn of preparations tesed on the establishment and utilise-
tion of individual procesees, whioh is still followed in sany faotories,
does mot permit the acet effective and comprehensive uwtilisation of the ex-
tensive fund of indwstrial experience availadle. This is particularly masked
ia conditicas of one-off, short-run and series pro@motion, where the chenge-
over 1o the predustion of & asv type of part wwally iavoives the need ¢o
prepase ahev large amownte of éiffesrent kiads of production and technical
Goowmentation, Nundgeds and even thousands of new jigs, penchen, Gies and
other types of producticn equipsent sust Yo Gesigned and nade, ond this in-
volves neavy cost as well as leasing %o imefficient utilisation of the time
of designere, technicians and %he highly sirilled woskesr of toolmaking shops.

The ccet of the plasning and senufasture of produstion equigmenrt accounts
for betwesa 50 por oent (in %he case of shcri-run production) and 80 per cent
(12 the case of long-run production) of e entire cost of the preparetions
for protwrtion, and thus apprecisbly affects the cost of hr produst,

In auy factories, special oquipment has only & short 1ife Secause of
the continucus imtrcdustions and produstioca o! nsw mashines and instrwments.
Sush oquipnent is taken out of service when the produst is chrnged, and ia
the majority of cases this coours loag before the oqui ment is phyeically
worn ouwt, It would agpeer that in 50st cases the meed to prevase special
oquipnent for the napufactuve of new pro@ucts could be sveided by wsing
the existing egquipment,
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¥han production processes are nlanned singly and a wide range of parts
is prcduse, however, such a raticnal approacih is almost impossiblo: each

technician uG d28ignar prepares new production 2ruipment a8 he soes fit.

The & sign of individual processes for each part/operation prevents
wide use being made of pneumatic and other fast-running drives, as such
rapid runniny aould involve additional expenses which are not always justi-
fied. T:ere 1s thus a conflict between the need for the rapid preparation,
at the lcwest nossible cost in time and money, of large amounts of equip-
ment for  roducing new parts, on tho one hand, and the need for the attain-

ment of macimum productivity on the other hand.

This conflict can bo overcome by the developmant of standardized
and uniiied high-productivity equipment with components which can be
adjusted ard excluangei. The term “unification", as used in connexion with
production equipment, means the designing of a piece of equipment, such
as a jig, sc that it can be used for the production of different parts by

adjusting and/or exchaaging its indi-ridual componeats and units,

The unification of equipment is closely linked with its standardiza-
tion and universalization. ~tandardization may affect either the individ-
ual pa~ts of a jig or the jig as a whole (etandar-ized models of universal

equipment).

11 designing group-adaptat e (adjustable) equipment, the widest pos-
gible use must be made of units, parts and elements which comply with

eatublished State standard specifications.

1t is worth noting that although there are adjustablc and exchange-
able ,ig systems whioh have been amply proved in factory practice, and
althongh the effectiveness of these systems has bean clearly demonstrated
(especially in one-off and geries production), their adoption on a wide
gcale is prcving extremely slow. Once again, this state of affairs is
explained by the abserce of any clear-cut system for the technological

preparaticr of production.

The question o1 how best to gselect and utilize unified high-productivity
¢cquinment can onlr be golved by first undertaking the oxtensive work needed

£ aclve tae more creneral problem of the scientific orpanization of the

1 chnisal preparation of srodnation.  Toe heart of sucih a sclution must be
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the principle of the unification of production along two basic lines: the
establishment of groups of parts and the classification of production
processes into certain types. Both these lines of approach are based

on the classification of the parts produced according to a system which
has already been fully worked out.

Without oonsidering further the question of olassification, which is
a special subject, let us now consider the main prinoiples of planning
production equipment fovr group applications,

Erincizles of desisning pachine tool lige

Jigs are divided up, accordingly to their universality, into the
following groups:

I. Special (SP) jigs designed for a single part/operation or a
single operation on a group of parts of similar design and
production characteristics. These jigs cannot be adjusted,

II. Universal (UP) jigs, which can be used for different parts
because their design enables them to be adjusted.

111, Exchangeadle—component multi-purpose jigs, including:

1. Universal exchangeable-component (UNP) jigs, which are
universal jigs with exchangeable components enabling
them to bc used for perts of various types;

2. Oroup-adaptable (OP) jigs, which are jigy designed to
be used for a certain specifio group of parts. These
jigs 2ay be of three typea:

(a) Jige with exchangeable nents whioh ocan be
fixed to suit given parts {GPN);

(b) Tigs with fixed bases, enabling several different
parts to be fastened in a single unitary $ig for
simultanecus machining without the need for

changing the jig components (GPP):
3. Universal fabricated jigs (USP),

Let us oconsider the principles of the design of exchangeable-component
multi-purpose jigs designed to suit a certain group of parts.

Uroup—adaptable and universal exchangeable—component jigs are Gesigned
for use on groups of parts which all require setting up and fastening in a
similar manner.
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™ vorking of parte of Aiff.ront caanes in 2 aingle 11¢ ic made pos-

aibly by the xistune  of achang o ble or o adustable g componante, In
crdor Lo oacve thl requisit. oroductivity ond necurncy nf mwchinary,
e must b ti f 11y featarer:

1, They must pormit the rapid and stable cotting up of any part
from a given ¢roup tn *hom, and thay must have muick-ncting
manuzl, mcchanized or automatic clumping dovicos;

2. They murt b simpic in ~porating;
3, Ty must be f suitably riad conatruotion:

)

Ao Tuay must bo designod v ropid mounting M th> mechingy tool
and ra.id romoval aftar usc.

The provision of all those featursc may incrataa th: complaxity and cost
of a }ig, but ovan 30, rroup=adnpt.ble and universsl :xchangeatlo-component
jigs re coonomically juetifiad bocauss the xpens. 5>f their dosign and prepe~
ration is coverad by the incronse in thy aumbor of different parts whioh they

oan Aceapt,

Vhon dosigming groun=adaptable jign, the designor muct take imto aocoount
the nroduction capabilities ~f the ontarpriso, the characteriastics of its
machinary a'. couimment, the layout of the group proc.es, th: spaocial foatures
of tha parts foyming th: [rToup, and the gizo of the bateh of parts to be

prodaced,

In designing such g, 1t 1o sssential to make use of previously acculiw-
12421 uxporionce Ly rtudying exi:ting dasigms of apucial ;irs which have
provicugly boon used for thia nartn makins ue the group.

e aothed of dusigning  Poup=aduptubl . jigs 18 basi~-ally the same as
for domimine ofdan.ry 1ips, nd comprises the following stagost

1. Studr °f the basic desiym data;
Promr tion of a deaft v rogh autling of the gy
.. ilealaticns reparding accuracy 27 satting, strength, and clamping

©oreass

C etarminatton of tag sconomic oxpediency of the scloctod type
tlocymyg

.0 Ml cnoran,, out o the dacym.

S ampell peemiraic: oo st teosatasfiad in dasigning group=-

LT O T R Vi lased boercally fromoan wndseic of tha deaign and
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production featurec of the parte belonging to the group in question and from

study of the nature of the mounting surfaces and means of fastening the parts.,

The basic deeign data are:
1, Drawings of the group of parts for which the jig is being developed;
2. Detaile of the production process for the parts;

3, Details of the maochinc tocl on which thc group-adaptable jig is to
be usmed;

4. Drawings of the individual jigs previously used, if the group-adaptable
jig which is being designed is intended to replace individual jigs;

5. Details of the tool to be used for working the parts,

The designor will obtain informatinn ©bout the machine tool on which the
parts are tc be worked, the cutting tool, tho outting rates, and the sequence
of operations or transfors, when familiarizing himself with the production
prooess,

There are olose links between the duvelopment of a group production pro-

ocess and the design of the jigs for it, In ocertain cases, it is not possible
io plan group oparations without knowing the deeign of the jig. The production
teohnologist and the jig designer must therefore frequently work together. In
the process of designing a jig, it may become necessary to make certain modi-
fications in the grouping of partis and i1 the production procces.

In designing special jigs, thc first process in the drafting of the design
is usually the preparation of drawings of the outline of the parts to be pro-
duced, in the appropriate number of projeotions. Sketches are then made of the
proposed tyre of jig incorporating the construction whioh the designer has in
aind,

The design of group-adaptable jigs is complicated by the fact that it is
necessary to solve the problem of mounting and clamping a whole range of parts
rather than mercly a singlc part. The design of the nccessary exchangeable
units and compononts must thorefore be oarried out at the same time as the
preparation of the design for the fixed (basic) part of a group-adaptable jig.

In order to solve this problem as offectively as possiblo, the parts to
be manufactured in such a jig must also be classified by the way in which they
are mountcd for o:~h opuration.
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At this stage of the clussification of the paris according to the featuren

raforred to above, the subjsct o7 the prouping nrocesc is ne longer just the
part itsolf, but the part/operaticn. ™1 is nec:ssary for the following
roasons. 'hen oxchangetble jif componants arc used, « gsarias of pa*'t/operationa

which arc similar from th2 noint of viev of ~ruipmont and fittings ara carried
out at cach working point. The basic features of any part/operation aret

the surfaccs of th: narts which are to b3 machined, the machina tool to be used,
and the jig and tocl to be employed, If the surfacas to be machined are identi-
cal ‘n shape, accuracy and surface finish, then the mathods of producing such
gurfacoes will be invariable also. Consaruontly, the feature “nature of mounting"
means that all tha parts in a group, rogardless of their design, must share a
common featurc in the way tiazy are mountoed in the jig. In any jig, there are

a number of alements which detormine the location of a part in it. & charecter-
igtic featuro of group-adaptabls jigs is that their locating eloments are usually
dosigned separately for each part/operation: i.e., they are exchangeablie and
are ohanged for working a new part in the group.

The primary element of o group-adaptable jig is its base section, on whioch
the exchangeable components holding the part aro fastened. The bed is the same
for the ontire group of part/cperations for which the jig is designed. The
number of possible different rathods of action of the mounting and fastening

components is usually gnly snall for a given jig.

Thus, for exampla, cven in the cas2 of a large group of parts such as
brackets, lovers, and plates (Figurel), which recuire milling and involve
1.5 thousand possible part/operations there aro only li different types of
mounting (Figure 2).

Jach of these different types represcents a different design of group—-
adaptable jig. Thus, for part/operations of mounting types I and II, a
table-type, ¢roup-adaptable jig with vertically acting clamps is required. For
types IV and V, normal and four- j»v pneumatic rlamps are used and the jig is
rotatable.

For avery part/opemtion coming within the range of a given jig, the jig

must be sat ur by the use of unificd exchangeable components.

Figure 3 shows a2 group=adaptable iig with a pneumatic/h,vdraulic table 1,

aeed for fastening arts {or proecessing on a milling machine.
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The small and large models of this table have four and twelve built-in
hydraulic cylinders, respectively, The rams of the hydreulic oylinders
travel above the surface of the table and ocan be made to actuate, through
appropriate linkages, the clamping elements of the exchangeable components
mounted on the table.

The puumloonmwmofumobh stops mounted in T-shaped
grooves in the tadle, If the mounting surfece of & part has protrusions,
peocking pieces are used.

Pigure 4 shows ome layout for the group-adaptadle oomponents of & jig.

Let us consider & mumber of examples of the design of group-adaptable
jige for the machiniag of various groupse of parts on metal-working sachine
toole.

Pigure 5 shows the groups arrived s%, after oclassification, for parts
requiring ailling.

W6Msmdm(m1.ml)mtwm
castingt mmmunuumwummm. Proviowsly
each part was mounted in s special m,mwuunumuxmmw
cm&tlumtt&”mtﬂoh”lqswjum
thea,

!tmhmfrutmmutm”twntfumofm
parts that the mo“ing surfuces used are of different sises and differently
xmmuﬁmumom.mcnnmdmmu
required, Pigure 7 shows some varieties of oweh ineerts.

The parellel surfaces ﬂmmotmumttnmmns
horisontal silling sachinc with two diso-type ailling heads. This method of
pachining dictated the design of the growg~edagteble iig shown ia Pigwe 8,

T™is jig consists of a taseplate 1 and & yoke 2 with enchangsable clamps
and exchangeable plates ) which locate she various parte in the group ia the
e

The part to be machined, together with the appronriate exchangeadle plate,

is usually fixed in the jig on the base surface of the plate ). In order to
fix the part, the uppropriate eschangeable clampe are selected and fized on She
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Note: Exchangeable component is used for operation 9 and for machining
surfaces 2 and 19 of part 9.
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yoke 2 by maane f pins fittin, anto A= ¢ i the Clamp wnd tha “oka. The

jig ie installed ahove a Hmoumatic ~linder, w4 ' comproasad atr e
admitted to thu upper ciamber { ti» avlindir the @ 1e drawn dowm, taking
with it the yoke 2 carrving tre rxchangeatbl: clamp, 'hieh thua clamps the part,

Figure 9 showe various grouna of partc, rlnseifiad ac~ordine to the
established method referred to abiva, whic' recuire Bachining on »rdinary
or turret lathes.

Tach of thase groups can be machinud om ordinary or sodernised lathes,
but the machining of each of them calls for rrup=adaptable )igs wiich make
possible tiie rapid setting up and fastenins of the part and the quiock adjust-
ment of the lathe when changine over from the machining of one part ia the
group to that of amother. Thua, for exampla, Pirure 10a shows a group of parte
whose mounting surfaces are 8o locatod as to make their fastening on the lathe
e ocmplicated matter necessivating the use of special jigs of quite complex
design. The use of the group method of mohinings has made it poseibdle, however,
to develop a group-adaptable iig i which amy part of the group in question oan
be fastemed. Figure 10b shows the desigm of this jig, vhich is imstalled on
the faceplate of a turret lathe and is fastemed to it \y means of screws, The
jig consists of three bacic parts: aen angls bracket 1, on viich the ezchange-
able insert ) is fixed, the facepiste 2, and a clamning devioe comsisting of
a clamp 9 with a pivoted pressure plate 10. The bracket | and the fixed
oounterwsight 11 are fastened to the faceplate bv sorews 15. A mowvable counter-
weight 4 is provided between the brecket and the fized counterweight, so that
the jig can be scourately balancod.

T™e jig is eet up as follows. umuutmumtmpﬂu
hmd.wttlumdﬂtnmummofmuuhtl.
mowopmumcmu@wwmmmunu.mmmm
insert against the bearing surface of the bracket.

After the part has been net up on the inmert, the clamping Govies is
adjusted to suit the height of the part, For this purpose the aye mut 8, to
which the olamp 9 is connected by a pivot pin 7, i scroved up or down the pin 6
sufficieatly to clamp the part. The aut 12 1s ad justed 1n & similar maaner.

After the jig has been adjusted, it is balanced by means of the movable
ocounterweight. In order to dc this, the sorev % is turned o as to rajse or
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Jower the counterweight upt ol o pre A momed on the iatter roincidee with 2
particular deor o on the seady Leraved on the tae il L {(the de . pree correspond-
irg to the part to bo nuekined tr mrred 1o the ipeert). The counterweight is

titct. bleoked with « sct screw ad the settin, up of the e de complete,
Figurc 11 shows the deeign of frnecrte with pr rte tittcl on thom,
PMlaure 1< shows the dugisn of n group-ndeptntlc lathe iie.

This jig conciste o1 thpoo tacis pertgs - fhcoplaty 1"y “n nngle brackot
13 and a clamping dcvices The cinnping dovico, which is fratcned on the brack-
¢t 13, consiste of - piveted boit ¢ with - £, .ove nut 7, ° pivoted am ¢ with
., screW 1, and 2 piv ted prism-shnpcd block &y an vy nut 4 arnd a pin 5. The
jig is balanccd by . fixed counturweight 17,

™e Jig ie sct up ne follows, ™. . xchangeable inscrt required for tho
part to bc machincd is inet~ll.d with ite longitudinal groove or the pug 6 and
is fastencd tc the bracket by scrows 7. Aftur the part has bcen sct up and
fastencd on the insert, the clnmping devic. is ndjustcd to 8 it the height of
the part. In order to do this, thc aye nut 4 is scrowed up or down the pin 5
sufficicntly to clamp the part, The slewve nut 9 is adjustcd in a similar
manncr, The pivoted ~mm /2 ir att.ch.d to thc cyc nut bty 1 pivot pin, The
shapc of the prism—shoped block © {ret-1lcd on the am 2 must correspond with
the shepe of the part te be aachired,

Aftor the jig has toon eot g, it A brinnced by mezns of the movable
counterweight 14, In order to dc thic, the screw 1l ic turned so as to raise
or lower the countirweight until the groove g-rked on it coincides with a
particular dogre. N1 the scnic ner-wid o the facuplate 10 corrvsponding to
the part tc be machindd, ™ie duerce i spucified nn the inscrt,

The upper pert of the figur. showe some typicnl parte (1-V) machined in
such » jig. The dusign of the .xchangeablc inserts whioh locate the parts is
showr. in the lewer part of the tigure, Thus, for cxamplc, the part 1 is located
by mecans ~f - pine Fort I1 4 Lovnted ty means ~f o pin in the longlitudinal
directiorn, whilc iv the trunevers. dircotion 4t ip locnted by being clamped to
the t-me surfice with - set sorew, Fort IV ir lc.ted by moans of a pin in the

Pengitudinnl direetion, vhilo i+ the tronevers. dircetion it is prcescd against
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the mounting surface of t.¢ insert vitu a s:t screvrs Ths purt s finally

fastened in place by m2uns ol an exchange.ovle Hrismesiapnd clamn

The parts ure machiined -n o lathe scuip-ed with o o =porition turret
iead, a longitudinal slide and a 3-positinon heed nitached ‘o the tairl apindle
of the tailstoek (Ticuse 13).

A large number of the most varied ‘tinds of equipment are used in connuxion
vith drilling machinas, such as: nlunger and other tvpes of axchangeablo-
component and group-adapiabl: )igs, ravolving tobles and supports, multi-

spindle and turret heads, and ~ll sorts of auxiliary tools.

In the group method of maciining, whare the parts to be machi.od are classi-
fied in groups (Figure 15) and aat up on a given machine tool, all this emuip-
ment is particularly widely used. "xperience shovs that tie majority of parts
oan be machined with the aid of universal and group-adaptable ;igs.

By vay of example, let us consider the machining of the group of parts
shown in Group 4 in Figure 141,

The parts in Oroup 4, which consist of lavers, rooker arme and pull rods
in which holes must be drilled, can be mounted and fastemed in universal
exchangeable-component and group-adap able jigs.

The grour-adaptalle pnoumatic jig shown in Jigure 15 is desigmed for the
machining of parts with a boss diameter of up to 100 mm, & height of up teo
80 mm and a diameter of the orifice to be machined of up to 10 mm. Other
designs of exchangeable-component plunger ji;s are also used for thc machiaimg
of such parts.

The main body 1 of the jig contains an air chamber ? vith & éiaphrag )
and an air control valve 4. Tha upper movable plate 5, in tiich the axchange=
able jig inserts 6 and tio excliangeable discs 7 are mounted, is commected Yy
two rods 8 with the diaphregm 3.

The figure shows the froquent oass of the mounting of a part which oonsiste
of & lever with a single boss. Tha lever is set on the already mmohimed surfave
of the boss and centred with the exchangeable disc 7. ‘hen setting up is
complete, the handle S is turnad to deliver compressed air to the air chamber,
whereupon the disphregm } and the roae  and platc 5 oconnected to it are foroed

down and clamp the part.
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V'hen machining of tho part is complete, tha air control handle is turned
back, the air exhaustc by the chamnel ¢, and tha2 antire movable unit is raised
by the spring 10, thus freeing thie part.

then changing over the jig to accept ther parts, it is necessary to
select and install a supporting bush 11 wita an orifice which is smaller than
the external diameter of the boss, but larger than the diametar of the hole
which is to be drillod in the part. An appropriate oxchangeabla disc 7,
which centres tie boss of the part, must also be fitted. Tie requisite exchange-
able jig insert 6 is selected and fitted in the plate 5, and the height of the
plate is adjusted to suit the height of the bost of the part to be machined
by means of the exchangeablec discs 12,

In considering questions of tha offoctiveness of usimg group-adaptabdle jigs,
it should be noted that the wide use of such jigs and their mechanisation and
sutomation not only considerably reduce the axpenditure of time and money on
preparations for production, but alsc considerably inorease the productivity
of labour. Partioularly great effectiveness is achieved by the adoption of a
conprehensive solution of the probdlem, whereby group-adaptable jigs are used
on oorrespondingly modernised machine tools: that is to say, when integrated

group manufacturing proocesses are introduced.
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Special features of the desigm of equipment for nroduction operations

Cold sizmping
The group method of cold gtamping is basod on the classification of parts
into groups for the manufacturs of vhich1 a single type of quickly adaptable
gquipment, that is tc say, rroup-adaptable (universal) dic assembliocs with

exchangeable workins parts, togztlior with versatile presses, can be used.

Group stamping can ha used both for individual operations and in the
manufacture of groups of parts invelving a sequence of operations. This latter
fact creates favourable conditions for tho use of group-adaptable automatic

lines,

One-of f or saries production of cold stamped parts can be arranged in two
ways:

1. By preparing universal and simplified dies;

2. By preparing group-adaptable (universal) dis assemblias with

exchangeable punch and di2 sets,

In conditions of ono-off and shori-run production stamping operations can
advantageously ba carried out one operation at a time, using universal punches
and dies and a dial press. Stamping by this system is also recommended where
thare are frequent changes in the design of parts, as such design changss do not

then necossitate changes in the universal punches and dies.

It is usually most advantageous to use group=-adaptabla (universal) die
assemblies vith exchangeable punch and dic sets in siori-run and series produo-
tion, although they can 8lso ba used in 2 number of cases in long-term produo-

tion,

The use of the group method necessitates work on the classification of

parts, the development of a group manufacturing procass, and the design of

group-adaptable tooling.
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Classification of parts

The basis of the group mathod of stamping is the classification of parts.
In the group method, the parts are classified according to the way they are
manufactured: i.e., distinctions are drawn batween parts which are manu-
factured by cutting, bending, drawing, moulding, and pressing in dies on stamp-

ing equipment (Figure 16).

The main objective of this classification is to dcfine the groups of
parts which can be manufactured on a gingla machine with a single set of produc-

tion equipmont.

In classifying parts, account must be taken of thair shape and dimensions,
their method of manufacture, the required accuracy and surface finish, the need
for aconomy in laying out the material strip, and the munber of paris io be

manufactured.

At the same time, the most efficient type of cquipment and the most advan-
tageous tool design must be selected. Thus, for example, in grouping flat
;arts which are to be stamped with punch and die sots fastened in group-
adaptable (universal) die assemblies, the main feature as far as classification
is concerned will ba the dimensions of the part, which determine the sige of
the die sets and the strength of the press required for stamping. In this
particular case, the shape of the parts will not be significant.

mable 1 gives a classification of group operations based on tha classifi-
cation of parts according to their dimensions, their method of manufacture,
and the nature of the blank usad. The tehle also gives dotails of the universal
group-adaptable blocks used in tha stamping of parts of each group.

In stamping one operation at a tima with universal axchangeable-component
dies, it is necossary to single out as grouping features those operations whioch
are to be carried out on a singlc press fitted with either a fixed die set or

a group-adaptabls base with exchanseable punch and die sets.

In stamping one operation at a time on 2 dial pross, the grouping featuros
are thosa characteristics of the part which detarmine the selection of tools
fitted in a single setting to the dial head. 'men changing over from the
manufacture of one batch of parts to another, it is sufficiemt to chang: the
master pattarn or programms (whon the press is fitted with a programme device),

which takes up much less time than resetting the tool,
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Groupit, 18 somewhiat Tor 4, trat o tnie yne [oasampingg, A8 the
number of tvpes ari dimens:ions oo the clements f al. . Le parts making up
the proup must not exceed the reanbor Ot stationg »n the hal nead

A characteriatic teatur: of stampings Hue speratior at a t.ne is the
absence »f any stabls groaps, not only a3 far af the whole manufacturing
process is concerned, but also ae iir as the separate operations are con-
corned, a8 it is mostly amall batches of parts which are manufactured by
this mean3, and som: oI’ theoe parts are 1ot repeated at all (experimental
partg), while others are rcpeated only inf'requently, as for oxampls once a
quarter. The groups must thereiorc be reviowed oach month, according to the

types of parts to bc produced under the monthly production programae.

As grouping must involve the minimum of rceettinz of the dies (or of
the tools in thc dial head of the press), it can most advantageously be
carried out with a computer into which punched cards with coded inforwmation
on the grouping features arc fed, or else Ly means of a manual punched card

system.

T™e po.sibility of using various production equipment for the sanufacturo
of different groupe of parts (taken into account when classifying the pu'tl)

is shown in Table 2.

One of the main conditione for the achievement of high effectivenees in
the use of universal dies 1s the umification of the stamped paris and their
design clements  Work on unificatior should thercfore be carriea out side
by side with the claceificat.on o' parts. "he eloments of stamped parts
(holes, grooves, radii, curvus, ctc.) mmat oe staniardiged in order to rectce

the number of different vericties of tliem.

The corroct choice of the Jeomctrical formes of design eloments in this
standardization process croates the most favourablc conditions for the use

of offective production processes involving the minimum amount of equipment.

The successful introduction of the group method of stamping and its

further improvement through mechanization and automation deponde to a

considerable axtent on the leve: of unification and standardication achieved.
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The - ble cqguipment

One of thc¢ most important conditions for thc uffective utilization of thc
group mothod in stamping is thc¢ corrcect selection of the types and designs of
dics,

Group-adaptablc dics must be of simplc design, of universal application,
safec and convcnient in opcration, and capablc of ensuring an adequate level of
productivity in stamping.

In sclocting the type and design of dies, it is nocessary to take acocount
of the volume of production and tho length of each production run, the preduc-
tion oapabilitics of thc entorprisc, the foatures of the cquipment, the plan
of oporations for the group proccss, and tho special foatures of the parts
making up the group,

In dosigning group-adaptablce (univorsal) dics, the designer is faced with
moro oomplicated requirements than in designing special (individual) dies.
Oroup~-adaptable (universal) dies are designod on the basis of analysis of the
design and manufacturing characteristics of the parts making up the group in
question, the range of dimcnsions, the nature of thc mounting surfacces of the
parts, and tho means of fastening the parts.

The basic design data ares

1, Dravings of all the parts in the group, a card index of thc
dravings, and comprochensivo tebles of the standardiged goometrical
shapes of tho dosign clemente of the parts which are to be stamped;

2. An outline or dotails of the production proccss to be usod;

3. Details of the press for which the group-adaptable die is being
dosigned;

4. Dotails of tho cxisting domigns of cice and thoir production
capabilities. -
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The dosipn of universal dius must be such ns to onsur: tuo groatost
simplicity in thoir setting up and ~dustmont, maxinun universalit: 1, thoir
utilization, lons working lifc, minimm cost, convaonionca of carvicing, nd

maximum utilization of standardizad dio componants,

Let us now considor the design of group-adaptnbla (univorual) diocs usod
for tho stamping of various agroups of parts.

gatg with axch

Univorsal oabl: punc' s and dios

This oquipmont is widoly usod for the shorterun and sarias production of
parts, The following typcs of univorsal die sats, which diffor in tho moans
ol attachaent of the oxchangaable punchius and dias, aro usad:

(a) Sots with mochanioal fagtoning of tho punch and dioj

(b) Sots with oleotro-magnotic fastoning of t'ia punch and diag

(¢) Sots with combined oloctro-magnetic/mochanical fastoning of the

punch and dio,

The most widoly used dioc sots aro thoso with machanical fastoning of the
punch and dio (Pigure 17). Tho advantages cf thosoe sats aro theipr simpliocity
of oonstruction, thoir univorsality, the pessidilitv of using them for to stamp-
ing of parts of a wido range of dimonsions and thioknosses, and the possibility
of oarrying out all types of stamping oporations with tham, They onable arious
arrangemonts for the mechanisation of the stampin; procass to ba used, without
roquiring any spocial equipmont on thwo prass.

The punch and die units installed in group=-adaptable die sots wit" mechanical
fastening are essantially ordinary blanking, progrossive or combined units
without any moans of connexion wit" the press (punc: "wlder and die “older),
locating means (such as guide posts and busies) or munc chank. 'Mere the
material to be cut is not very thiok (up to 1 m), punch and die units have Sheir
own additional fittings for locating the working parts relative to each other,
but with thick matorials such location is ocarriod out by tha dio set.

Some varieties of punch and die units for die sets with mschanionl fastening
are shown in Figure 18. A simple blanking punch and dio unit wit a solid
stripper plate (Figure 13a) consiats of a dia 1 with a stripper plate 2 fastened
to it by scrows and pins. Thio punch 3} is prossod into tic punch "older 4.
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™o dasim of A progressive-action bl wnking dio unit, s own in Figurs 1°b,
is in no way diffaromt from that of w ordinare dia. T dmipn of a compound
dis unit for blanking and draing (Firure 19¢) 15 alno iduntical in ite main
principlus with t bagic disi/m. .o ordol,;  owover, to brin; about removal of
the part from thu drawing die 1 bv tio lmockant 7, ~nd to r turn t e lowor
pushor 3} to its original position, tira ar2 davicen in t1? upper and lower parts
of the sroup=ndaptabla block wic. ara retuated b s slide and tho lowor buffer

of tho prass, rosocctivoly.

Another dumimm of a compound di» unit for thoe cutting and bendins of parts
{s shown in Fi~urc 184. Tis provision in the lowar um’ of a rasiliont a ‘actor
working indapondontly of a2 dio sot makos th-2 sat mor universal and facilitatos
tha satting up of tho axchangaatls dios.

Universal blooks with clactro-magnatic fastoning of t13 punch and dis units
(Pigure 19) offor fow tecanologioal poseibilitios and aro usad for tho outting,
perforating, simpls bonding and shallow drawing of thin s 03t matal parts

(up to 34 =m thick). Thair main advintage is tho fact t at thay oan use tho
units of simpla dusign vhich can ~ioklv be installad in th dio sat witiout tha
usa of additional loocatins divicos (1 the streiy tforward satoing=up of 13
outting parts of tho punch and dia). This mekos nossibla 171 accuracr of looe=
tion of th1a punc' and tho dis rulative to aach otior, which is partioularly
important in tha cutting and parfegation of thin mrtorials. Plate-typs singlo
or compound dias uru usud for alictro-magnatic dio sats. Tw first types of
dios carry out ome stamping oparation (such as blanking) for sach stroke of the
punch, whils t"o socond simultancously carry out goverel differant operetions
(such as blanking and perforatiom) for 1 single stroke of the punec:,

Dio sots wit: alactro-magmetic/nochanical fastining of tho dio units
(Pigure 20) offor considareblo tachnological possibilitizs. Thay oan b3 used
with advantare for various types of stanpins of both small and large parts out
of thin or thiock matarial.

Universal cxchangueble=component disk
These dies arc intended for the stamping of parts by clements; various

broken=down cperations con be carried out by means of them,
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Dial-plate dies

These arc being used morc and more widely for group stamping by clements,
They can most advantageously be used for punching holes of various shapes in flat
parts such as platcs, panels, ete,, of dimensions up to 300 mm, ns well as for

the blanking ¢f perts with dimensions which do not cxceed those of the die holder

aperture,

Diel~plate dies are diviied intc two types:

(a) Those mounted or a singlc axis with discs (with solid connexion of the
upper and lower discs);

(b) Those located in a C=shapcd body in the die set (in this case, the upper
end lower discs of the dial platc are not solidly connectcd to cach other),
Dies of the first type are used for stamping parts out of strip up to 120 mm
vide, The wider production capabilities of dies of the second type, which have
separate fastening of thec upper and lower discs of the dial platc, cnable them to
be used for punching holes in sheet blanks up to 300 mm wide with a single setting,

Vernier tables are uscd to line up the blanks with the axis of the punch
when the latter is in its working position,

Djal prosses

In enterprises producing short runs of parts, cffective use is made of dial
presses, vhich represent one of the most vivid illustrations of the principle of
the concentration of operations in cold stamping. A dial press can take the place

of a line of several universal presses with exchangeable~component dies in the
stamping of parts by elements,

The concentration of stamping operations and the wide capabilities provided
by the use of the group method enable thc cost of stamping operations to be re=
duced and the productivity of labour in the stamping of different parts by ele-
;ents to be increcased. e

Depending on the design of the press, from 16 to 36 éxchangoable sets of
tools can be installed on the dial plate of a press at the same time,

The presses are cquipped with vernicr tables on which the sheet blanks are
fastened, The blank can bc lined up vith the sct of exchangeable tools, when the
latter is in the working position, by the following methodst

1, Establishment of given co-ordinatcs on the reading scale with a vernier
or optical microncter;

2, Lining up thc blank with a tewplatc;
3. Lining up the blank automatically in accordance with a given programme,




lD/\NU.l A.,/}
Page 40

Dial presses are used for sheet metal parts such as panels, plates and
frames with dimensione of up to 700 x 1,000 mm. An accuracy of up to + O.,1 mm

in the dimensions between the centres of holes can be achieved.

The maximum diameter of a part which is cut out or a hole which is punched
with a eingle stroke varies from 50 to 100 wm, depending on the design of the

press.

In order to cut down the time needed for auxiliary operations, some designs
of presses are ecuipped with automatic remote control devices for the rotation

and locking of the dial plate.

G - tab utomatic lines

The group working method opens up wide possibilities for the automation of
the process of cold stamping. Thus, for example, parts from a number of groups
which are manufactured by cutting out or perforation oan be produced by means of
single or progressive dies with automatio feed of the material. Such presses, if
provided with special equipment, can be substantially equivalent tc a straight-

forward automatic line,

In the case of production procesees involving a number of operations it is
worth considering the poseibility of setting up special automatic lines which
can produce parts belonging ‘o a given group with only a small expenditure of
time on resetting.

At the present time, special automatic machines with quiokly-exchangeable
componente and multi-purpose group-adaptable sutomatic lines are being used more

and more widely in industry.

The selection of the best type of preduction process
When there are tvo or more otherwise ecually attractive production processes

available, the process seleoted is usually that which gives the lowest production
cost. The following formula is used for calculating the production cost CT:

CT-M+Z+0+Y+E

"here:

¥ is the cost of the material from which the part is made, taking into

account the cost of warte materialj;
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Z is the wages of the stamping operatives and (if necessary) other produc-
tion operatives, with additional payments and deductions:

C is the expenditure on the operation and amortization of the punches and
dies and other eguipment;

Y is the expsnditure on the setting up and adaptation of presses and dies:;
and

E is the expenditure on the operation of the presses (overhaul of the presses
and the cost of the electric power used),

This formula can be used for separate operations, for several operations
together, or for a whole production cycle. All the components of the formula
refer to the manufacture of one part (or, if preferred, 100 parts). Their
values for different methods of group stamping are determined either frow
generelly known standard figures (cost of materials, wages) cr from the assembly
of available technical and economio figures.

The cost cf the operation and amcrtisation of the punches and dies is calcu-
lated by means of the formulas '

0« ELE
N

there:
F is the cost of making the die unit;
P is the expenditure on the overhaul and reworking of the die unit;
N is the mibor of parts manufactured with the die unit before it is
written off.

The cost of making a die unit can be determined approximately acoording
to the formula:

F'(“w”‘c) (A+B)+D

Where:
Ky 5 & coefficient depending on the type of die unit, its value varying
from 0.08 to 0.2;

l(c is a coefficient depending on the complexity of the working surface of
the die unit, its value varying from 0,06 to 0,2:

A and B are the dimensions of the die and the punch in millimetres; and
D is the cost of the die set (for group-adaptable die units, D = 0),
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The expenditure on the overhauling and reworking of a die unit generally

averages 40-60 per ceni of the coct of its original manufacture.

The number of parts which cun be manufactured with a die unit before it is
written off is taken as being ecual either to the life of the unit until it ie
completely worn out, T, or (if the number of parts recuired is less than T) to

the number of parts which are to bte manufactured with the unit in question.

From the formula for the calculation of C, it is possible to determine the
cuantitative limits for the effective use of various means of producing actual
parts (the so-called "critical batch size').

The production of parts from plastice

Group operations for the production of parts from plastics are worked out
in two stages:

1. The classification of the parts and the formation of groups.

2. The development, for each group of parts, of designs for group-adaptable
die units with exchangeable die inserts (mould inserts).

1. Classification of parts

The classification of parts whioh are to be manufactured out of plastios
must be carried out with an eye to the design and production features of the
parts, as vell as the design featurze of the dies. The main features determin-
ing the group to vhich a part rvelongs are:

(a) The type of materials and the dimensional accuracy recuired for the

part:
(v) 1ts over=all dimensions;

(c) The means of pressing, taking into account the process features of
the material;

(d) The means of ejection and the loocation of the ejectors in the die;
(e) The number and location of the break lines of the die:
(f) The number of inserted fittings, their shape and the way they are laid
out in the part.
Let us now consider a number of examples of the classifioation of parts into
groups in accordance with the features enumerated above,

Figure 21 shows several possible layouts of parts in dies which determine the
group to which the part belongs.
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Group 1l: single horizontal break line in diet part ejected from die;
fittings can be cast in the part only if placed i1 the die; aocuracy of dimen-
sions perpendicular to the plane of break line cannot be higher than the fifth
class of accuracy; thic group may include parts such oo plates, blocks, panels,
aennleu, ety

Figure 2la shows examples of parts produced in a mould with a single break
line; the bottom drawing shows a part with a cast-in insert looated in the
bvottom part of the mould during pressing.

Group 2: moulds have 2 or more break lines (one of them vertioal and the
remainder permitting the disassembly of the mould oomponents in the horisontal
direction); after disassembly of the mould in the horizontal plane, the parts
remain in the inserts and are disassembled outside the press; parts ocan be
panufactured with any oast-in fittings whioh do not hinder the disassembly of
the mould inserts; this group includes parts such as spools, shells, plugs with

sast-in fittirge and so on.

Figure 21b shows examples f the ma..afacture of parts where both horisontal
and vertical mould break lines are required. In this case, the mould is wedge-
gshaped, the parts are produced by die-casting, and the working pressure is down-
wards.

Group 3¢ the mould hac one horigontal break line; ejection of parts from
the die is downwards; parts with oast-in fittings vunning right through them
can be produced; the acoureoy of dimensions perpendioular to the break line is
not higher than the fourth class of aocureaoy.

Figure 2lc shows cxamples of parts such as blooks, plates, etc. incorporat-
ing a large number of cast-in fittings looated both in the lower and the upper
half of the mould. This means that it is ncoessary to use the die-casting
method and to design the moulds acoordingly.

2. The imi:n of group-adaptable Boulds
The basis of the design of group-adaptable moulds is the prinoiple of design~
ing a standard group-adaptable (universal) mould block witii exchangeable mould

inserts.
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The first ctep in the design process consists of the detemmination of the

main operating characteristics of the mould which ie tn be designed:

(a) 'The method of stamping the parts;:
(b) The layout of parts giving the most efficient stamping;
(c) The number and direction of break lines needed:

(d) The meihod of operation of the mould (whetheor it is to be a
fixed or removable mould);:

(e) The method of ejecting the finished part and the location of
the ejectors:

(f) The type of feed chamber to be used;
(g) The number of sockets;
(h) The layoui of the pouring system (if die-casting is to be used).

At the present time, a very wide variety of deeigns of group-adaptadble
(universal) mould units are in use, because of the different means of pressing
parts used and the clearly insufficient standardisation work done so far.

Let us oonsider a number of examples of the use of the growp method in the
manufacture of parts from plastios. Oroups inoluding parte suoh as panels,
plates, rings and so forth can be produced from thermoplastice by straight-
forward pressing in a mould with a single horisontal break line. The fimished
part is then ejected from the mould hy the ejector.

Figure 22 ghows the design of a group-adapteable wnit for direot pressing
with exchangeable mould inserts. The unit coneists of two parts: s lower part
and an upper pavt; the lower pari is factened %o the boleter plate of a
hydraulic press, while the upper pert is fasteaned to the rem.

The upper p>-t oonsists of a punch holder 1 running on guide posts 4, o
heating plate 15, clamping lugs 2 end an insert 14. The lower part oomsists
of the die holder 5 with clamping lugs 3 and a lower insert 12, s heating plate
11 mounted on beams 7, a bed plate 8 and an ejeotion mechanism 9 vhich moves on
pillars 10 and hes a threaded hole under the press e jector,

The unit uses the slide-in system of fastening the mould inserts, so that
the inserts can he changed without taking the unit out of the press. Both nare
of the unit have rectangular grooves cut in them in which the exchangeable
mould inserts are slid up to the stops 13 and are then fastened vith the ¢lasping
lugs 2 and 3. The insert plates are oonneoted with the ejectors by pivoted
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links 6 mounted on the ejector plate © which is connected by a shaft with the
corresponding mechanism on the press. Ths design of the exchangeable mould
inserts for this unit is shown in Figure 23.

The mould insert consists of an upper plate 1 with a punch 9, buffere 2,
guide posts 8, a lower plate with a chamber ), the die 4 with the mould design
out in it, a base plate 6 and plates 10 and 11 carrying the ejector 7,

In the case under consideretion, because of the small dimensions of the
parts, the mould inserts are inserted in the slide-in comporents. “here the
parts to be made are of large dimensions, however, the moul? inserts may be
rectangular (i.e., their dimensions and shape may corrcspond with those of the
elide-in componente.

The advantage of this design is that as the unit is not taken out of the
press and therefore does not cool down, the mould inserts oan quickly be changed
and work can proveed on the manufecture of other parts of the same group.

A different design of unit is used for preseing groups of parte (Figure 24)
where both vertical and horisontal break lines are required in the mould inserts.
Figure 25 shows a genersl view of such a group-adaptable vedge-type unit, while
Figure 26 shows the mould inserts for it.

The unit consists of a die holder 8, spacers 5, heating platee 1 and 3,
& surrounding plate 11, guide posts 2 and knookout plates 6, 7 which slide on
posts 9 and have threaded holes under the ejector of the prese. The mould insert
(Pigure 26) oonsists of a bese 7 with a plate 8, looating pins 9, wedge-shaped
half-moulds 6, a punch holder 2 with a plate 1 and o punch 3, and punch pins 4
and 5.

The mould inserts are attached to the unit in the following manner:
the upper part of the mould insert is inserted in a groove in the punch holder
of the unit and fastened there, while the lower part of the mould insert is
fastened in the die holder of the unit. In the sanufaoture of parte, the loading
of the material to be pressed and the preseirg opsrations are carried out in the
normal manner, the locating fingers of the unit mating with grooves in the half-
moulds at the moment of pressing (Figure 26).

T
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3. Group-adaptable units [or die cssting

Die casting and appropriate group-adaptable moulds must be used in casec
where (1) the parts to be manufactured have fittinge running right through
them which are located in several of the detachable mould inserts: (2) when
the shape of the part to be made necessitates addit:onal dismantling of the
mould inserts, and (3) when the dimensions of the parts in a plane perpendicular
to the break line of the mould must be of a high degrec of accuracy (up to
the fourth class).

Group-adaptable die casting moulde are divided into moulds with working
pressure from below and those with working pressure from ahove. Mouldsr with
working pressure from below can have wedge-shaped mould inserts with vertical
break lines,

Figure 27 shows the design of a die casting mould unit incorporating mould
inserts with one or two horizontal break lines. The design of the unit enables
the mould inserts to be taken apart directly under the press, using the force
of the lower oylinder, without the use of additional pressing—out equipment.

The lower part of the unit consists of a plate 1, tvo beams 3, a heating
plate 5 lying on beams, and two guides 6. The middle part of the unit consists
of the feed chamber 13 located within the plates § and 9 which are screwed to
the two beams 7, two tension rods 4 and a movable plate 2 with a shaft 16
actuated by the lower cylinder of the press. The upper part of the unit oonsists
of a plate 12, the punch holder 11, the punch 10 and the guide posts 15.

This design of die oasting unit can be used for pressing various types of
parts up to 35 mm high, using moulds of minimum weight. The ocasting holes can
be looated anywhere in the area of the feed chamber, so that the casting
ohanuels oan be of minimum length, thus improving the quality of the parts cast.
Moreover, with such a design two mould inserts oan be used and they oan quiokly
be exohanged for different ones. By using such a design of mould unit, it is
possible to do without splitters and emptying ecuipment, thus freeing a oconsider-
able produotion area.

© s e

A typical design of mould insert for this die casting unit is shown in
Figure 20. DTepending on the design, configuration and dimensions of the part i
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to be cast, the mould inserts can be of various designs and have different
numbers of sockets, but their over=-all dimensions and their external shape must

be such as to fit in the mould unit.

4, A table unit for press cast

Croup-adaptable units for the pressure casting of parts from thermo-

plastics in casting machines are usually of the fixed type.

Figure 29 shows the design of a mould unit for pressure casting. The unit
consists of a fixed plate 5 with a pouring bush, guide posts 4 which serve
to ensure the precise location of the mould inserts, and a movable plate 1
with guides 3. The mould inserts are set up by moving them along the guides
up to the stop 2, and they can be changed without moving the unit.

The mould inserts (Figure 30) consist of mould halves 1, 2, a pressure
plate 4, and a plate 7 with locating pins 5. The accurate mating of the mould
halves is ensured by the guide posts 8 and 6. The plate which forms the base
for the parts igs located by the pin 3 and is sealed up tight without any
danger of leakage when the machinc is clcsed. Side cuts are made in the moulds
and plates for the purpose of dismantling the mould.

Dismantling is carried out on the bolster plate in the following manner:
the upper mould half is removed first, then the lower mould half, from whioch
the part is ejected by means of suitable ecuipment.

Pressure caatirﬁ

—— e

The development of a group-adaptable pressure casting process is divided
into two stages:

1. The classification of castings and the establishment of groups;
2. The development of suitable designs of mould units and mould inserts
for each group.
In the classification of pressure-cast parts, the main factors determining
the groups to which the parts belong are:

(a) The break line of the mould for the producticn of the casting;
(b) The ejector system in the mould used for producing the casting:

(c) The location of the casting in the moulds (i.e., in the movable
mould, in the fixed mould, or in both moulds at once);
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(d) The design of the pouring gystem:
(e) The presence of side holes in the casting:
(f) The over-all dimensicn of the cast part.

In practice, *he break line of the mould determines the decsign of the mould
unit, the location of the casting in it, and the ejector sys*em used. The break
line may be located either at one end of the casting, along its section of

maximum dimensions, or alcng its axis of symmetry.

‘Jhen a break line running across one end of the cast part is selected, the
part is located entircly in one of the moulds. When a break line running along
the line of maximum dinensions of the part or along its axis of symmetry is

selected, the part is cast in both mould halves.

The ejection system used for removing the casting determines the design of a
group-adaptable mould unit. Such systems can be o two types: ejection by a
stripper plate and ejection of the part by ejectors.

Stripping by means of a stripper plate is carried out when the outside
contours of the casting are formed in a fixed mould. 'hen the internal oores
are of large dimensions, however, the use of a stripper plate is undesirable, and
it is better to use ejectors.

fhen the part is cast, in a movable mould or in a mould which is made in two
parts, stripping is carried out by ejectors.

The pouring system
Castings made in group-adaptable units can be side-pourcd or oentre-poured.
In selecting the pouring point, the following faotors must be borne in mind:

1. Centre pouring of the casting is preferable, as it reduces the dimensions
of the mould assembly.

2. The pouring system must be desigmed with a view to ensuring that the
stream of metal entering the mould progressively drives out the air
from the spaces within the mould towards the break line.

3. Pouring should preferably be carried out towards a surface of the
casting which it is intended to machine later.

4. The thickness of the feeder sed in making the casting should be 25-30
per cent of the wall thickness of the cast part (for cast parts up to
67 mm thick). )
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The dimengions of' thc castjing

Le dimengions »f the part to te cart inflicnce the determination nt the

group tu which it should lelong, ac the are» of a preiectinn »f the casting in
the planc »f the break line is a lasic ~haracterictic 11 the selection of the
type of machinery to be used The dimenciona of the casting do not affect the

basic design of the mould assembly, however, but simpl determine ita dimensions

Groups of castings arc estabtlished or the bLasie of the above considerations.

Examples of such groups are shown in igure 3ie

Group 1 consiste of parts vherc the break line surface 1if a plane coincid-
ing with the end of the part. The outer surface of the part is formed in the fixed
section of the mould, the part it removed from the core U a stripper plate, and

centre pouring is used in the casting process.
Group 2 differs from Group 1 orly in that side pouring is used.

Group 3 consists of parts where the break line surface is located in the
plane of greatest cross-sectioned area of the part. The part may be forwed in
both the movable and fixed parts of the mouid, nr possibly only in the movable
part. The finished casting is removed by means of cjectors, and centre pouring

is used in the casting process.

Group 4 diffevs from Group 3 only in that side pouring is used in the casting

process.

Group % consiste of parts vhich have the same features as in Orowp 3, but
where from 1 to 3 side aperturcs are formed in the casting in 3 mutually perpen-
dicular directiras.

Group ¢ differs {rom Group 5 only in that side pouring is used in the cas‘ing

process.

Principles of the design of groyp-adaptable nowld ypits and inskts

The principl: lying at the basis of thc design of such group-adaptable mould
assemblies is that of the use of ecxchangeablc: mould inserte to form the pamt.
Every effort must be made to ensure that such mould insertr can be changed without

removing the mould unit from the castins machine and with the minimum expenditure
of time,
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The most effective system of fastening mould inscrts is the slide-in system,

which cnables the inserts te be changed without taking the mould unit out of
the machine,

Each mould unit consists of two parts. The fixed part is fastened to the
statiorary part of the machinc, while the movable part (together with the
stripper devices) is fastened by means of special base to the movable part of

the casting machine.

The dimensions of the parts to Le cast determine the type of machine, and
consecquently also the dimensions of the ceats of the mould units, Depending on
the dimensions of the castings making up the group, mould units may be of
different dimensions, although identical in design.

By way of cxample, let us consider in greater detail one of the designms,
of group-adaptable units usecd to produce castings of Group 1. The parts are
actually formed in the fixed part of the mould, as the break liue coincides
with the end face of the part. Stripping from the cores is carried out by a
stripper plate. Centre pouring is used in the casting process, The m~uld
nits are designed for use on "Polak 406" and "Polak 600" machines.

The group-adaptable mould unit (shown in Figure 32) consists of two parts:
a fixed part and a movable part. The two halves of the mould are mated by means
of rour guide posts and bushes which positively locate them during operation.
The fixed part consists of a plate 1 fastoned by screws to the heam carrying the
fixed mould 2, vhile the movable half of the mould, which incorporates the
mechanism for ejecting the part, consists of four plates 3; 4, 8 and 9 fastened
together in two sets vhich can be displaced by means of a hydraulic mechanism
relative to the plates &, 6 and 7.

Both halves have reccsees in them in vhich the exchangeable mould components

are ineerted and held in place by screw clamps.

Figure 32 shows the design of an oxchangeable mould insert designed for this
type of unit The insert consists of plates 3 and 4, moulding cores 2, 5 and 7,
a stripper plate 6, and a plate 1 for the fastening of cores 2 and 7.

The mould showr has a centre pouring system located directly in the insert.

|
|
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The mou.d incortr can be changed vithout removing the mould unit from the
machinc at nll »11 that it it nccessary to do to changv the inserts is to
remove the pressurc ririps, take out the inserts from the mcvable and fixed

parta of thc umt, and roplace them tith the nev onee needed to produce another
type of part i the fame sroup

F{gure 33 showe a group of parts made vp of castings, whose break line
( ri~~ rune through their plenc f greatest area and which arc formed in both
the movable and the tixed perts of the mould ins:rits.

The parts in the ~roup share the characteristic of having co-axial side

apertures. The finished partr arc stripped from the mould by cjectors, and

pide pouring is used in the castin, precess.

The depign of a group-adaptnble unit is shown in Figure 34a. The unit 5
consists of 2 tixed plate 1 vith wedses 7 which serve to meintain in a fixed
poeition the movalle tlocks 6 which have shafte % connocting theam to hydraulioc
cylinders mounted in the unit.  These cvlinders actuate the cores which form
the apertures and hollov spacce i: the casting (Figure 34b, positions 6 and 7).

The movable part of the unit coneists of n plate 2 with slots to guide the
blocke 6 and a syrtem of plater % carrying the cjectors, which are fitted with
shafte 3 connected to the hydraulic ecuipmert and which strip the cast part from

the hollows in the mould inserts.

The mould inscrtr @ and 1C (Fipurc 34t) are clamped in place on the main
plates of the unit

Figure c shove the design of the mould insorts. The inscris consist of
A fixed mould 1 vith guide pust: *, a m~vablc mould 5 vwith cores 6 and 7 which
are connccted iith the movable bloel 6 of the mould asscmbly (Figure 34a), and

a punch . and ejcctor 7 mounted or a plate 3,

The cconomic c¢ffeet vhich ear be achieved by the use of a given type of

cosipment ir determined by comraring the cost of manufrsturing the equirment in
nucetior. with tne cconmies or direct wage payments (through reduction of auxiliary,
make-m-ad: ard clcan-un labour recuiremente) which can be achieved by the use of

euch ery ,pmer?
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The reductior in the labour rerujrements for one part /operation 1 be

determined by the formula®

&e'-Eln’.

€
'There:

El is the amrunt of labour reruired for one part /operatior before the usc
of the new eauipmont, and
E, is the amow.t of labour Turuired for the mame part/operetion when the

now equipment is useod.

on one type of equipment is replaced with another trpe of higher produc-
tivity, the amount of labour recuired io determined in a similar manmer: in
this case, El ie the amount of iabour required for the sanufacture of a part
wi'h the previous equipmert, and E2 is the amount of labour re-uired for the
saxe operation with the new equipmont.

Esonomies in direct wage payments, o, achieved through the utilisation of
nev equipment are expv.cued by:

e = LR - 30

there!

R R, are the plece-work rates for the opesretion in question before and
after the use of the new ecuipment.

Mmmtcmwofmmotmmwmhw
ao follows:

P X
Where:

P is the yearly cost of opereting one item of equipment;
D is the econcmic effect of the use of the neov equipment, and
¥ 19 the scheduled annua’ ~utput of parte.

It is assumed in this case that the same dauic production mashinery 1o
used both bdefore and after introduotion of the new oquippent.
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1f the amount of mone) spent on the production of the new eruipment is the
game ar the amount ~f the ceonomice made by using 1t for the production of the
volum: of parts rcheduled v the annual production programmc, wu have the

€ cvuatiorn:
P DY

™hie eountl-r dotermines the maximum permiseitle annaal expenditure on the

mapufacture ~f the rev cruipment t~r the ~ivern production programme.

14U f li-ws {rm thie that the mirimum production programmc Nmin at which
the cxpenditur. -t the manufacture af the enuipmert vill be covered, will be:
A3 ] - r
‘min T
Acrardin. .o, the ccoromic effect vhich the use cf the ecuipment should
brirg about 11 the sanufactur of the part in ~uestion is3
F
Doy
min
The total ecnnomic «ffect Ltot which will be derived from the introduction
of one piece ot enuip®ent of thie type will therefore be equal to:

L e D(N - ¥

10t min}

"here:
r‘ris the rize of thc actual annual production proZremmc.

In casce where it ie necessar, to compare two types of equipment which are

different in cffcctiveness and coet, the following formula can be used:

There
vt and D' arc the coet and cconomy for the "cheaper" type of ecuipmont;
P* and 1" are the cost ard economy for the more expensive equipment; and
I ie the eritical preductior sehedule for whioh both the types of eauipment

|
bteing comparcd are of the same economic effectivenese,

ior a1 atrea. productisr echedule psreater than ?ly the usc »f the more

expereive tipe U couipment all ¢ mere advartageous.
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Figure 3% shows graphe comparing cost and economy. The critical production
schedule NK corresponde to thc point of intersection of the curves A and A'
representing the total economy for the two types of cauipment being compared,
Curve A corresponde to the economy achieved by the use of the equi pment which is
“cheaper" in initial cost, but which is lese effective in use, while curve A’

represents the economy achieved by the usc of the more "expensive" equipment.

In order to determine the effectivenese of emuipment, s nomogram such as is

shown in Figure 36 may be used.
Such a nomogram can be used for the solution of the following problems:

1. Detemmination of the maximum permissible annual expenditure on a
single type of equipment, as a function of the economy achieved
by 1ts use:

2. Calculation of the economic effectiveness of using a given type
of' equipment, for a known annual expenditurc on such equipment
and a given volume of production of parts;

3, Determination of the minimum saving on direct wage payments through
the use of a given type of equipment if the annual expenditure on
the equipment, the production schedule for parts, and the level of
overhcad expenses are known;

4, Calculation of the production schedule for a given part which will
cover oxpenses on equipment and will bring about a given economy
on direct wage payments.

The amount of labour needed to produce parts with different equipment can

be determined by the standardization of operations,

When group prodwction methods, which permit the utilization of group-
adaptable (GPN) and universal (UNP) exchangeable-component equipment, are employed
in a plant, it is necessary to calculate the economies achieved with the use of

such equipment.

A group may contain different kinds of parts which are produced in different
numbers, and it may be profitable to use special equipment for the production
of some parts. It is therefore nccessary to establish whether or not it would

be more advantageous to use group-adaptabie equipment in such cases.




ID/WG. 24
Paé'e 69 /9

the effectiveness

t

Nomogram for determini

of equi

20
50
4}”

9
10
1 200
{300
oo

1000

+
L 4

701
101

’%‘
[ R 4

1 200




ID/W0.24.9
Page 69

Ve pettioment of this quection amounts bacically to the comparison of

t}:e economic resulis achieved by the use of special equipment with the

res.lte achieved Y3 +he replacement of such special equipment with group-

adaptls’ e or universal equipment with special exchangeable oomponents, The

following irequality may be used for this caloulations

B[ 2050 3 DTl 8- DF o

Where:

Dgr {s the total economic effect achieved through the production of an
entire group of parte with group-adaptable equi pment;

A‘gr' ADgr, A‘S and ADS are the coefficiente of amortization end oper-
atior. corresponding to group-adaptable and special equipment;

A"N, ADN are the coefficients of amortization and operation of the
exohangeable components;

Sgr is the cost of group-adaptadle equipment;

Sy ie the cost of a single exchangeadle component;

DS {s the total economio effeot achieved with the use m of special
equipment for the production of the entire given number of parts; and

S¢ ie the cost of a single item of special equipment.

In the case in question, each of the three expressions:

D

a . D, D
gr*Agr) bgr; (A:*Au)gsua (A;+Ls) gs.

represents the total of the ocorresponding expenditiure for one year of oper-

ation.

The values cf the coefficier . A2 and AD must be selecied on the basis

of practical factory experiend:,
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In short-run production, there is no advantage in preparing complicated
special equipment. Parts are therefore frecuently manufactured either with
universal ecuipment or with the use of simple mounting and clamping slements
guch as clamps, blocks, etc, In such conditions, however, the use of group-
adaptable equipment would be much more advantageous, ag such equipment is
specificaily designed for the productinn of a whole group of parts rether than

one batch of identical parte above.

In the case in question, the total yearly production schedule N will

consist of the outputs N]' N., etc. of each part in the group:

In the graph in Figure 37, the cost of special acuipment for a single part
in a given production schedule ia represented by a straight line parllel to
the horizontal axis of the graph. If such parts are sanufactured with grouwp-
adaptable equipment with exchangeable components, however, the picture changes .

The cost of group-adaptable cquipment for a single part will be equal,
when a largc number of types of parts, and consequently aleo a larger auantity
of parts are to be produced, the cost of group-adaptable equipment will amount,
for each individual part, to:

s
i Sgr + )is'

P
[ 44 P
tot

Yhere:

Pm_ is the cost of (-oup-adaptable exchangesble-component equigaent per
individual part;

Sgr ir the cost of the grcup-adaptable ecuipment: and

Su is the cost of the exchangeable components.

Figure 37 clearly shows how expenditure on group-adaptable equipment variee
with increase in the total production schedule of all types of parts {n a growp.
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It should be noted that in introducing group—-adaptable equipment the
throughput capacity of such equipment should be also taken into account. I1f
a group contains a considerable number of types of parts, it is sometimes

necessary to put into operation noi just one, but several duplicate items of
equipment.,

Furthermore, in order to unify the equipment, it is necessary to standard-
ize the basic (fixed) components of group—-adaptable dquijment, If this is
done, the series production of such standardized oomponents can be undertaken.
This not only considerably reduces the cost of the oomponenis, but also re-~
duces the amount of time and money needed to start production of the parts

whioh the equipment is designed to manufacture,









