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The industrial output of the developing countries is chara~ierizea b, the rela-
tively small numbers and limited ranges of articlee rroduced, ln most cises, this
output consists of articles for local industry, agricultural equipment and imr lements,
various consumer goods and household requirements, 1 d siumple epire partr for means
of transport, agricultural equipment, and other machinery. Some rourn.ries oy oale,
deperding on local conditions and the level o their induetrial develcpment, produce
mere complicated articles, including iteme for usec in machinery and instrument proe

duction,

The industrial production of daveloping countrise is intended mainly for the
home market, except in come speciul cases where it nay also be intendea for export to
neighbouring countries. Its dictinguishing character.stios ar: the smullnese of
production runs, the relatively wide range of articles produced, and the¢ frequent
changes made in the piroducts manufactured, because of the appearance on the market of
new and more highly perfected articlese There are .o nuational standards or apec:fi=
cations for most of the articles produced, The desigr. of these articles ie usually
based on foreign designs which come nearcst to meetin. iocol requireament. Ko ,
attempt is made to comply with the principle of inter-u feubllity in the production
of industrial goodc, There ig, however, a demand for the r0ods produced to be of
quite high quality, because of the presence of competition -md because of efforts to

eliminate dependence on foreign countries.

The above brief degeription of the main characteristice of the industirial pro-
duction of developing countries ir of a very general nsture. Depending on the lavel
of development of these countries, their general inductrial characteristics may range
from very poor to quite good,

The existing indusirial enterprisee in thuge courtyiza have little experience in
the production of gcods. They are ezﬁipped mainly w. i snulti-purpose oquipment of
foreign manufaeture which is quitc often of obgolete =.i1:1 anc in = worn out state,
The tools and measuring instruments are mostly purchasc.. on the eommercila, markct,

|
Multi-purpose production equipment ic purchased in the v v wry, while pecial ]
|

equ.pment is either made abroad to specizl order or ‘.., worreely, v preoduced
L the developing country if 1t is ol relatic.. y asiapl ‘Te
There ie a surplus of labour in the developing €7. :lsor, r.t tners are few

skilled workers, and there is also o shortage of ongine + ¢ . i technieal staff, %
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In present conditions, the development and comprehensive rationalization of
industrial production is greatls influenced by the correct choioe of the pro-
duction equipment, and particularly of the jigs, which are the most difficult and
expensive parts of that equipment to manufacture. The term "jigs", as used in
connexion with production and assembly shops, means the auxiliary equipment used
in the machining and hand-working of parts, the assembly of units and whole
finished products, and in technical checking operations.

In well-equiped machine and assembly shops, a large number of the most varied
types of jigs are used. In series production, an average of ten jigs are used for
each part produced, and expenditure on the manufacture and maintenance of jigs
amounts to 15-20 per cent of the total equipment costs. The design and mamu-
facture of the necessary sets of jigs frequently acoounts for 70 per cent of the
labour and 80 per cent of the time needed to prepare for the production of new
parts,

A considerable proportion (80-90 per cent) of the total stock of jigs is
accounted for by machine tool jigs used for the mounting and fastening of work
pieces which are t¢ be machined.

The use of mac.'ine tool jigs can bring the tollowing benefits: improveuent
of productivity and precision of machining; easing of the operative's working
sonditions; widening of the range of technological possibilities of the equip-
ment, even to the point of being able to use, in a number of cases, obsolete and
worn machines with-ut any reduction in accuracy and productivity; improvement of
operating safety and prevention of damage to equipment.

The improvement in productivity is achieved by the elimination of the need
for setting-up and checking of the workpiecc, reduction of the time spent on
mounting and fastening it, the possibility of machining at a number of points
without readjustment, and the possibility of using morc than one tool at a time
to carry out a given operation. The improvement in precision is achieved through
the elimination of the influence of the subjective fastor, due to the faot that
Jigs enable machining operations to be carried out on a pre-set machine tool in

accordance with the principle of automatic setting of dimensions,
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The use of jigs enables fuller use to bo made of normal multi-purpose machine
tools. Thus, for oxample, relatively cheap and widesproad pillar—type drilling
machines can take the place of more oxpensive boring machines, Single-spindle pillar=
type drilling machines, if fitted with multi-spindle heads, can take the place of
multi-spindle special drilling machines. Procision holes can be machined on an
obsoleto horizontal boring machine by ueing a boring device fitted with jig bushes
which guide the boring head accuratoly with respoct to the workpiece to be machinud,

In the conditions prevalent in developing countrice, where industry is as yet
insuffioiently organized, it ie vory often inpoesible to ruplace obsclote equipment
promptly. 1In those circumstances, the doecisive role in improving the productivity
of labour must be played by jigs, whose usc is economically and technically feasible
for any enterprise. The use o:' jigs also enables production costs to be reducod,
The cost of manufaoturing jigs with a narrow range of applications limite, however,
their use in enterpriseé with only a small production programme for a givon type of
parte The advisability of using such jigs must thorefore be verified in each indi-
vidual case by means of economic calculations.

An effective method of introducing some measure of automation into series Pro=
duotion processes is that of equipping multi-purpose machine toole with automated
jigs and control éear. ‘1f versatile, quiokly-exchangeable jigs are used, this method
of automation can also be entiroly suited for use in enterprises producing o wide |
range of articles. There aro many designs of such jigs which are quite simple,
reliable and profitable in usc, do not require skilled operators, and can be used for
various machining operations in fuctories in doeveloping countries.

The jigs used in machining and assembly work can be clase_fied, eccording o
their function, into five basic groups:

1. Machine tool jigs used for mounting workpieces so that they can be machined in
accordance with the roquirements of the production process. These jigs are divided
up, according to the type of machining to be carried out, into drilling, turning,
milling, boring and other types of jigs. Thie group, which ie tho most numerous,
also includes special purpose jigs (jigs for bending, straightening and other specific
operations in the production of parts from sheet or bar on a machine or by. hand).
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2. Jigs for mounting and fastening the working tool on machine tools. A charac—
teristic of thie group of jigs, which are szlso called auxiliary tools, is that it
contains a large number of standardized items because of the extensive standardisa-
tion and normalization oarried out =mone working tools themselves. In most cases,
Jigs of this group are purchased by factories in finished form, and only a relatively
small number of special jigs are designed and made to speciai order.

The manufacturo of general-purposc jige is best cerried out in specialised fac—
tories manufaoturing production equipment, while speciel=-purpose jigs are best made
in tool shops. |

3¢ Assembly jigs are used for assembling parts into unite or whole finished products.
Rogardless of the typee of aseemblies and the methode of assembly, the following

types of amsembly jigs are usced: thoege for the firm fastening of the base parts (or
units) of the item to be assembled; thoce whose job it is to maintain tho parts

which are to be assembled in the correct and aocurate mutual relationship to each
othér; those for the preliminary deformetion of flexible parts (such as springs,

split ringe, etc.) Bo that they can bec assembled, and those used in pressing, rivet-
ing, expanding and other operations, where heavy force must be applied during assembly.

Meny designs of assembly jigs sre of standardized type. They are vsed not only
in the production of various articles, but also in repair shopes and technical sesvio—
ing dopartments.

4. Checking jige are used for checking the original blanks, for the intermediate

and final checking of parts during machining, and for checking the proper assenbly of
unite and complete articles. The use of jigs of this grour inoreases productivity

and raises the standard of technical checking operations, frees a considerable number
of inspectors for other work, ard also facilitates the work of technical inspectors,
Kanual, semi-automatic and fully automatic checking Jige may be used, depending on the
production programme and the type of articles produceds In mass production conditions,
fully autometic checking and grading machines with highly specialized functions are
useds At the present time, with the general tendency towards continuous improvement
of the quality of goods, the role of cheoking jigs is continually increasing in

importance,
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5e Tigs for the clomping, raisiang, transfer and rotetion of workpieces and unite in
the course cf nssembly are used fcr heavy parte whose novement by the physical effort
2. the worker would be irpossibic or tiring. Jherc production proceeses are fully

or prrtially automated, however, jigs of thie g up are alsc used for light objects,
In order t» roduce the costs of thesec Jizs nnd devices, quite extensive use is made

of standardized jig designe. These Jigs can nost adventogeously bhe manufactured in
specicl enterprises, &0 developing countriec, whose requirements for jige of thie type

are quite saall, would ve best advised to purchase such equipmont in finished form.

Jigs are divided ''p, according to the degree of speciclizztion of their functions,

into universal )igs, spécinlised jigs, znd specizl purpose Jigs.

Universal jigs ured in one—-off or enzll-scries production can be divided up into
standard-type Jigs and specially dosigned jigs.

Standard-typs jige are usually manufactured by specialist anterprises in accorw
dancn with valid technical specifications or etandards and aro acquired (purchased)
by factories in the finished form. Thie group of jige includos: machinc vices,
chucks for fagtening workpieces on lathe’, chucks for holding bitc on drilling mache
ines, indexing heade for milling machines, turntables, lathe centrce, faccplates, and
other similar squipmont. Those items of equipment are not dusigned or manufactured
by the factoriee which use them. They rre uged for the machining of a wido range
of perts of different dimensionse. in induetrially developed countries, thesc items
of equipment are produced in spccial production equipment factoriee. They may alsn
be rroduced by machine tool manufacturing firme in order to equip the machine tools
produced by them, or else¢ to customers' special order, IMany factories produce large
quantities of such iteme cf equipuant both for the hons market and for export,

Universal jigs of speciacl design are designud and manufacturcd on an indisidua’
besis, primarily for use in the one~-off or smu.ll-series production of parts of a
given type but of different dimensions. In use, these jigs are altered to take parts
of a different size by moving stopse or ultering the nosition f bughes, clamps and
other deviccss Among such jigs arr those used in the drilling of radial holes in
perts cuch ns shafts, bushes and sleoves, those used to drill holes in flanges of
various dimensions, and other types of similar jigs. In the conditions prevailing
in developing countries, special universal jige can w extengively used in factories

producing a wide range of parts.
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Specialized jigs arc constructed on the basis of normalized or standardized
universal Jjigs. They are set for thc machining of specific parts by the installation
of additionzl or exchangcablc devices (special jows for machine vicss and lathe
chucke, special locating and mounting plates fcr plungor jigs, etCe)e Because they
can be relatively ecasily ro—sct to carry out different production operations, those
jlgs are v-ed in series production. The manufacture of these jigs is neither an
expensive nor o lengthy process, as they are constructed on the basis of oxisting

gtandard univorsal jigs.

Special jige are intended for the execuiion of certain speocific mechining opora-
tions on a given part, and are thercfore single-purpose jigse They are most adven-
tageocusly used in mass production coniitions, wherc identical parts must always be
clamped in the same way and the production programme provides for the manufacture of
a lexrge number of parts over a considerzble length of time. These jigs are the most
espensive and luebour-consuming to produce, ae on account of their wide range of de-
signe they must each be manufactured individually. Special jigs become useloss and
must be written off when 2 change is made in the parts produced, and this cften takes
place long before they are physically worn out, When new itypes of parts are intro-
duced, it is necessary to design and construct new apecicl jigs: this may take up
T0=E0 per cent of the total timc required for the technical preparations for produc-
tion.

For series production conditions, it is extremely important to develop and intrec.
duce on an oxtensive ecale convertible and quick-change jigs. as well as jigs suitable
for variable production line conditions and production linces menufacturing groups of
parts, Considerablc oxperience hzgs heen nccumulated in the “oviet Union in these
fielde, and it can be passed on for uso by the industrics of developing countries.

In recent ycers, the design of production equipnent has been coneiderably developed
in the direction of improving its versatility. Considerable use is now beinug made
of universal built-up jigs, universsl exchangoeable~component jirs, jigs which can be
assembled and dismantlcd, exchangecable-component magnetic jigs, and so on. The prin-
ciples and apy' cations of these jig systems arc dealt with below. The quostion of
the standardization »f jigs is nlso vory important for deviloping countries, although
in smnll countries the scole of stan’ardization measures con obviously not be very
groat, In these circunstances, thc standardization of jire is baest carried out in
selccted directions and in accordance with pre-planaed stages znd torret datea. The

standardization of production cquipnent must be carried cut in accordonce with o

¢:refully shought—out plea. “he importance of this measurc is wvident from th
folloing considerctions,
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The launching and devclopment of the production of clready familiar or new parts
is closely linked with the¢ preparation of the production cjuipment and particulerly
the prapere.ion of the most expensive and labour-concuaming, part of thal equipmen . :
the machire tool jire,

The rapid dovelopment of modern menufacturing and the constant improvement of
the articles producod makes it essentirl to roplace praoducte from iime to time with
now and improved typees.

In thosc circumstances, the previously-used special cquipment, oxcopt in o few
casas, becomes unsuitcble for furthor use and mugt be wiitten off, ag new gpecial
equipment has tc be designed and ccnstructed in order to bogin production of the new
articles. When a large cmount of complicated equipnent is roquired, the production
preparation period is frequently so long that by thce timo o new article hcs come into
full production it is already, in offect, beginning Lo become obsolescent.

At the' same time, there is a tendency to try to incroase tho amount of modern
ecuipment used in production processes, Loth in large- ond small-output onterprises,
80 as 1o achieve inoreased productivity of labour and lower production costs.

This contradiction hae given riee to attampts t> find waye 1o spoed up and cheapon
the development and manufacture uf: moduction oquipment ae a whole and of special
jigs in particular., Bfforts to solve this latter problem have mzainly boen based on
the normaligation (and, in subsequont stagoes, tho standardizetion) of the parts and
units of jigs.

Such normalization reduces the volume of deaign work, reduces the number of
different parts, and increasee thc number of parts of identical function and dimen-~
sions which have to Ve produceds Ncrmalized or standardized parts can bo produced
in large botches or oven manufactured by a single epecialized entarprise, thus ocon~
siderably reducing production costs. In particularly favourable circumstancos, nop-
malized and stendardized perts and unite can be taken out of used jizs and put into
“emporary storage, if necessary after partial overhaul, for later usc in the assembly
of new jigs.

At present, as many as 70 per cent or more of the components of special jigs are
normalizod or standardized parts. in order to give them a special incentive, jig
designers are frequently paid not only on the bagis of tho numbor and complexity of
the drawings which they produce, but also in the light of the extent to which they use

normalized elements in thoir designs.
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The first stuge of the normalization of Jige counsists of the normalization of
their ceneral design and dimensiono. Yhe objective of normelization ic to establish
dimensional classes for the various clemente and wiitg of Jire, tc lay down overall
dimensions and dimeneicns for uating clenents, €5 normelize design cleoments (such as
screve, fastening clements, pine, kuoys, tapers, utc.), to specify the accuracy with

which parts must fit together, wnd to c¢stablish tolcrances for the main parts.

The second stage of normulizution eoncerns the cenponent parts of the jigse
Arong the parte which are thus n.ormalized “re the conponenis of spocial jige (the ade
Justing parts, the parts making up the clomping dovices, the jig bodies and their
components, the fittings for checking the positicn of tovls, and the component parts

of auxiliary devices) and thc blanks (castings and forginge) for all these compononts,

The third stage of normalization covers Jig components with various other funo-
tionss Thus, among thc compononts to bc normalized in thie stagce arc units forming
part of clamping systems (pauumctic cylinders, pnoumatic barrels, the locks of rack
and lever clanping devices, etc.), units making up auxiliary mechanisns (indexing and
turntable mechanisms, index pins, ojectors) and othcr mochanisme forming part of

special jigce.

Tochnical standard specifications arc ostaolished by the leuding machinery manue
facturing works, ‘.echnical planning and scientific research institutes, and other orw
ganizations, The standarde estcblished may be intornal standards {works standards)
or State standards. Tho 1ssuc of State standards is preceded by exicneive proparam~

tory work on the collation and corrcction of previously isscued wurks standards.

In practice, oxtensive use is alsu made of works standards ostablished for body
components and units of jigs which are designed ts be assembled and disassombled |
1
(8EP jigs)s A featurc of this systom is that the normelized clenents are suitable i

for repeated use.

Normalized unite are stored in roady assembled form, They are designed to bo
installed, not within the body ot the Jjig, but on ite periphery, so that additional
machining of the body parts can be avoidede The machining of the body (drilling,

cutting of aperturcs, etc.) does not prevent its repeated use in other versions. Jig

bodies arc assembled from normelized interchengeable componente of simple geometrical

shape which are designed to be fasteoned topether by screws, bolte, and also by moane
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of synthitic adhesives. Theee types of fastenings moke possible the cagy and rapid
stripping <f jig bodics and wh.le Jifs into their component clements, as must be done
when the part being produced ie changed. This systom can bte used for Jige fitted
with both norne! and quick-acting (pncumatic, hydrailic, ctc,) clanmping mochanisms,
and its uso makes it poscible t5 cut down on the timc spont on the design and manue
facture of spocial equipnont,

What are called universally cdaptable jige are uscd in sories production condi
tions. These jigs are so designed that their compononts can bo rapidly oxchangod
as often as dosired, so that thoy can be ueed for eeveral part/opcrations. Thoy are
thorofore oxtremely offoctive in promoting high=productivity machining mothods in
saeries and one=off production and in reducing the properation time for production
equipment,

In rocent years, two main systoms of universally adaptable Jigs have found
special favour, namoly, jigs with univ.rsally oxchangoablo compononts (USP jig) and
universally cdjustablo jige (UNP jigs).

The USP gystom coneists of a got of normaliged perts from which it is possible
to assomble various singlo-function Jiese This gystewm began to be used in oxperi=-
mentel and mmalle-series production in many countrius in the mid-fortics. After the
assenbled jig has boon usad, it is dim:antled and its component parts are roturnocd to
store, from which they can be withdrawn at o later date for assombly into a new type
of jige Thus, the USP systom is only universal from the point of viow of tho assom—
bly of different kinds of Jigse The jigs themsolves are not universal, but arc
special (single-function) jigs.

In factorios wherc the USP system has been used for o number of years, the stock
of individual clements may amount to 25,000~-30,000 parte, together with a certein
quantity of normalizod units which cannot be dismantlede As many as 300 jigs can be
assembled at one time from such a set of parts.

The parts in the basic set are divided up into eight groups, the parts in euch
group being of several types and dimensions. The groups are as follows: base parts
(square and rectangular Plates, faco plates, angled base soctions, rings), the faces
of these parts being provided with Tegection intorsecting grooves so that the various
compononts of the jig can be fastened on them in differont layouts; body and aupport-
ing parts (blocke, angles, packing pieces and supports of various shapes), likewise
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provided with T-gection grocves, clote and aperturcs ro that differert agsenbtlies can
be bullt up; fitting narts (keye, lowole, intermediate bughes, fixing ping); suide
parts (various types ~f i Yushes, fulde stripe, pillars aud epindles); clamping
parts (various types ot clanps an! ther parte); un.iversal Ji fagtuulng parts
(screws, bolts, thrcaded piis, 1u'e ani wachore); niccellancous parts (handlces,
strips, occentrice, eprin.s, pivot wunits, end sc ou); and normalized units which

cannot be disrantled (adjustallo=loont supporte, clanps, 1ndexins mechanisms, otce

in the initiel period >0 taeir -“peration, small factorice froquently use a re-
duced set of USP i, componunte convisting o1 leS=ceH taousand parts. Such a set is

sufficient for the assunbly of 300-40u ji, & per yecare

Jig body and support couponcate .r. manutactured to the socond class of precision,
and their mating surtacce ar. ;rownd to thu nintn or tenth class of surface finishe
The dimeneions of thesu components, «n which the accuracy of the various other com-
i;onents which arc sesemblcel together dupends, muet comc within a tolerance of 510
microns. The toleranc:s for cornere or angles are set ut 5 microns in 100 millie
metres, Parte on which the accuracy of macnining does not depund nust come within
the third to fifth classce oif precision.

The parts in a 'SP sot riuet be ptrong and woar rceistant, and must retain their
oxact dinensions and chapc for a long period. The base parts are made from 12 KhNZA
steel, with subsequent car’urizin,” and casc hardening to & hardncss index of 60=64.,
Fastening parts arc uade from 3¢ <hi steel, hardened to an index of 40=45 and annealed.
Guidos and adjustuent parte arc wode from UEA aand U10A steel and hardaned to an indnx

of 5055, The remaining, lose vital parts are made [rom wo, 45 steel (clmp', etc,)

or Nos 20 steel (washers, otce).

Practical cxpericice of use of the USP systen in factories shows that wear of
the base parts ovur 10 ycars anocunts to less than U.0lmm,

When s sot of USP parte ie avzilalle, the prouperation of Jigs amounts simply to
the assombly of the perte in accordance with a given schune. There ie usually no
need to makc any parts for the ji:se In uxcoptional cases it nay be nacessary to
make special parte, tut such partc Jo not usually amount to rore than 1-1.5 per ceont
of the total number of parts in the systome vse of the USF gystom reduccus the time
taken for the manufacturc of jigs to a emall fraction of thiat otherwise roquired,

The asuembly of jiyu of avoeragu conplexity roquirus 2,55 hours »f working time.
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Jigs are asgenbled in confornity with o drawin; of the part to be machined in a
particular orcration or ¢lsc on tnh Yagis of en actuzl metal specimen of the part.
Jig assembly 1s carricd sut oy highly ckiliel workere, without any prelininary pro-
paration of dp-wingg for $.. JITB, on the bBagis of what ig congidered to he the begt
seluction of conponcnts, If & perticular ji, oy Lo required agsin at a later date
it is therofore desirable to photograph 1t frun saveral Wmglos, indicating the
identification nunbers of tnc various componunts used to nake up the Jige on the
photograph, instuad of making lrawinie of the Jiste :f thie ic don., repoat models
of the jig can be made in a shorter tine,

The USP systun saves coneiderable anount of time and considerably reducos the
coet of preparins for the preduction of now parve. [t onablos jige to be romodolled
casily and quickly if the part being producecl ic changed, and it also onables indi=
vidual jig parts to be usod a number of timce for the assambly of differont kinds of
Jjigse This systen makes it possible to use Jirs in fartories with only a small oute
put, where the preparation of Jigs in the normal way would be uneconomic,

Among the shortcomings of the '8P systen are tho lower rigidity of USP jigs
because they contain a larro nunbor of jointe, thoir unguitability for the incorpore~
tion of quick-acting poweredriven (pocunatie, hydrrulic, etes) clamping mochanisms,
and the high initial cost of o sot of USP parte due to the lar - nuaber of parts and
the high degroec of accuracy with which thuy muet be mude,

As a complcte get of parts tor s LSP ayston may coet 50=-80 thousand roubles, this
system may not be economic for a s.ncl. factory, in this case, it is advant.geous
to arrange for one or morg USP Bots to be available for hire to interasted enterprises
in a given economic area, Practical oxperience of tho operation of such hire sets
both in the Soviet Union and abroad shows that theip original cost is relatively
quickly ropaid (in two or throe yoars), while their total service life is about
fifteen years.

Exporience shows that the majority (about 60 per cent) of the parts in USP sets
are used for making drilling jigs, cbout 30 por cunt of thew are uevi for making mile
ling jig:,_ and about 7 par cont for naking turn.ng jigsse The remaining 3 per cent
are used for making checking jigc, grinding Jigs and shaping ‘igs. These proportions
vary, however, according to the dogrec of deveclopment of the Ky stem,
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The main users of USP scts are textile machinery manufacturing firms, general
machinery manufacturing enterprises, printing machinery manufacturers, pump manufac-

turers, and firms in other branchee of machinery manufacturing,

The average utilization period of each jig (the average hire period of a USP get)
is fifteen days, including one day for assenbly, two days for transport and one day
for dismantling,

A need is now becoming folt for the further development of the USP mystem by the
provision of narrower or wider T-shaped groovee for different branches of industry
(instrument manufacturing and hcavy machirery manufacturc) and the incorporation of
pneumatically or hydraulically operated units for the clamping of workpieces.

The systom of universal exchangeable~component jigs (UNP jigs) is based on the
use of exchangeablc mounting, clamping and guide elements (units), fastoned on a
universal normalized jig base. The mounting elements of such jigs are frequently
designed to be adjustable so that the Jigs can take workpieces of different types and
dimensions,

In both cases, the principle of eaty conversion is obsorved: i.e., the Jies
can be used for carrying out a number of Jdifferent part/operatione.

Universal exchangeabl o~conponent (UNP) Jigs can be effoctivoly used in series
production conditions. Whon a batch of new perts is to be produced, these jigs are
not removed from the machine tools: all that ic done is to replace certain of their
exchangeable eloments with different ones, or to adjust their stops to take the new

parte.

Because of these advantages, the time spent on proparatory and terminal opera~
tions cen be cut down and a higher dogree of utilisation of the machine tools can be
achieved,

The use of the UNF jir system cnables the expenditure of time and money on the
preparation of the production of new articles to be cut downe  The exchangeable parts
ard units of the UNP gystem arec not returncd to store, but are kept at the workplace
by the machine tools, They are installed on the Jie by means of centering spindlos,
pins or guide channels, without the nced for any adjustments, Only a very short
time (2-3 minutes on average) is neoded for the replacement of exchangeable parts,
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Anong: the normalized jigs which arc used as a bagis f-r tne ULP gystem are
nmachine vices, plunger jigs, pnoumatic chucks with exchangeatle jaws, fuceplates
with adjust:.ble brackets for the boring of parts of irresular shape on - lathe, and
expanding jigs for the drilling of holes in the periphery of parts such ae flangos

of different diamoterc.

The number of normalized jiis is continually increasini, thus torming a solid
foundation for the further Jevelopment of the UNP Jir bystal.

For the mechinin/ of emall parts on milling and other machine tools, UNP jige
with exchangeable adeptors are usci. faen 2daptor porves to locate parts of a
given type and size, In thie systom, rosctting of the jigs auounts nly to replaces
ment of the asppropriate adaptor,

Various designs of UNP jis systems prepared in recent ycars by many planning and
technical design organizations and enterprises arc boeing successfully usced in factories
engaged in tho scries production of parts.
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On variable production lines, in addition to the universal exchangeable-
component jigs already descrined, combination-type jigs are used for the mounting
in scquence, without resettinz or re-adjastment, of the various parts which are
to be machined on a given machinc tool., Jigs of this type are usually designed

to takc all the parts in a riven class,

In recont years, cxtcnsive use has come to be made of these combination-type
Jigs for the simultancous mounting of several different workpiaces on production
lines whore a whole group of parte are manufactured. Good results have been
obtained in the practical operation of such jigs in a number of macliinory mam-
facturing works., Jigs of this kind are suitablo for the machining of parts of
differont typcs and dimensions, and they can be used for carrying out drilling,
milling, flat grinding and other types of machining operations.

The simplest layout, which does not call for the preparation of a combination-
type jigy oporates in the following manner. Thc rotating table of a vertical
milling machine is equipped with jige capable of taking parts of different types
and dimensions. The workor operating the machine tool loads these jigs in a
givon sequence and removos tho machined workpicces from the unloading seotion of
the table,

The usc »f thia system on variable production lines may not be so effeotive,
however, as thc saving of time on the exchange of jigs will not make up for the
considerable amount of time lost thrcugh the empiy travel of the *ablo when
machining batches of idcntical parts.

Tn group production line conditions, combination-type jigs with exchangeable
parts can also be used. In this case, the workpioces of difforcnt types and
dimensions which can be accopted by thesc jigs can bo sont down the production
line either individually or in batchos.

Thc use of combination-type jigs for variable production lines and group
production linos makes possiblo maximum utilization of tho oquipment. The design
of these typees of jigs calls for a great deal of work on the selecotion of tho
right layouts and the general makc-up of the jigs, however,




1D/uG.24/11
Page 17

Group-adaptablc jiss can be widely used in the industry of developing

countrics, both in cxisting factories and in newly constructed oncs.

Jigs arc manufacturcd by various production mcthods. Universal-type jigs
are produced in considerable quantities to supplement newly-manufactured machine
tools forming part of the oxisting rangc of production equi, ment, and a con:ider-
able proportion of them (3~ and 4-jaw chucks, plates, and other equipmont) are
standardized or olse arc manufactured to comply with official speccifications.
These jigs arc produced in spocialized factorieca or in special departments of
machine tool factories, by mass-production methods or at any ratc in large series.
Normalizod jigs and the varicus units and individunl parts for them are produced

in a similar manner.

Special jigs are manufacturod individually or in small batches in the tool
shops of machinery mamufacturing factorics (for the rcquirements of the factory
itself) or in machine tool factorics (for fitting to spocial machine toolse).

They are delivered to the purchascr in finished form. In many developed countries,
special jigs are also produced hy spocialized factoriocs. The manufacture of
special jigs is usually in thc naturc of a one-off process. Where oxtonsive uso
is made of normalized and standardized parts in thoir manufacturc, however, thaoy
can be mamifactured on the principle of serics production.

The workpioces from which the parts for special jigs arc to be madc aro
likewise mamufacturcd by one-off production methods. Cast workpicces arc pro-
duced by sand casting with wooden cores, forgings arc produccd by froc forging,
and small parts arc cut out of various kinds of soctions, Items of medium and
large dimensions and of complicutced shapo, such as jig bodics, uprights, brackets,
oto., are of wolded construction.

Castings for important parts such as jig bodies may sdvantageously be
subjected, before being sent for final machining, to rough working and natural or

artifiedal ageing so as to remove any internal siresscs.
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Welded oler-nts arc fabricated from previously propared parts such as Plates,
sirips, angles, corner plates, discs and bushes.  “hese parts, thoroughly cleaned
of rust and €reasc, are assembled in clamps or other mechanical locating devices,
the accuracy of thoir locaticn with respceet 10 each other is carefully checked, and
they are then tack welded ot v.ricue points. After the clamps have been removed

tiiey are ~gain checked for accuracy, and the fincl welde are then mada,

In order to reduce distortion, it is best to use electric arc welding. Gas
wolding is uscd for thin parte not more than 4 mm thicke The danger of distortion

of welded units is reducoed by .aking non-continuous weclded joints,

In order to remove internal siresses, welded components are annvaled for
1¢5«2 hours at a temperaturce of 600~650°C. If o component ig of largs dimensious
and is difficult to anncal, the welds arc peened with a hammer. The components of
special jigs are of a varied nature and must normally be made to the second oy third
¢lass of accuracy, so they must be machined by highly skilled workers. Normalized
parts are mechined in batcheg on proset machine tools, frequantly with a progressive,
parallel or parcllol-progressive arrangement of machining operations,

The manufacture of purts with holes that must be very acourately located with
rospect to one another (bodies for drilling and boring jigs, laid=on jigs, disos,
indexing mechanisms, ctc.) is g very specitl process. Because of the very close
tolerances (hundredths and thousandths of 1 mm) for the distances between centres,
normal nmethods of laying out and boring do not give satisfoctory results, If a large
amount of work involving the boring of oxtromely accurately located holes ie to be
carried out, it ir hest to usc a Jig boring machine, which boreg holes with gicat
accuracy not only along parallel axcs, but also, if the machine tool is fitted with
a rotating table, along intersocting or cross axes. By fitting special planctary
heads, these machine tuols can also be used for the grinding of accurately located
apertures, circular grooves and curved surfaces described along the arcs of

circunferences,
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the use of plastics offers great possibilities for the reduction of the amount
of time and money spent or the manufacture ct jips for series production. Tpoxy com-
pounds are usually used in machine tool jigs, as these compounds are the strongest
kinds of plestics, A €o0d epoxy resin moulding compound consiets of 100 parts by
weight of ED-5 or LD-6 epoXy resin, 20U parts by weight of filler {iron powder,
iron oxide, marshallite, cement, etc,), 15~20 parts by weight of plastifier
(dibut;;lphthalato) and 8-y parts by weight oi hardener (polyethylene-polyamine),
fhis composition can be moulded in various ways to meke the basic and auxiliary com=
ponents of special jigs., After hardening, the epoxy compound has the following
mechanical properties: hardeners 'V 20, ultimate tensile strength ¢ lq/-z. ultinmate
compressive strength 13 kg/mz, specific impact strength of up to 12 kg/cl/uz.
Depending on the filler used, the specific gravity of the compound varies from
1.2-2,0, Shrinkage of the compound in hardening is about 0,1 per cent, ''he wear
resistance of the compound is clogse to that of aluminium alloys, and the rigidity
of parts made from it san be increased by the incorporation of a steel frame.

The disposeble moulds used for shaping the compound can be made of plaster of
paris (using a wax model of the part to be cast as the core), cardboard (by drawing,
cutting out and then sticking together the developments for parts of simple shapes)
or Plasticine, Cnly a small amount of time (frequently about 1-1,5 hours) is re-
quired for the preparation of such moulds,

Epoxy compound can be used to mould housings (negative impressions) for the
mounting of workpieces, The base for the housing is a welded box into whioh the
epoxy compound is poured, i nogative impression of the part to te machined is them
made in the surface of the compound with a standard specimen of che part,

Epoxy compound can also be used to make Jig bush plates with accurstely located
holes. The jig bushes are placed in the required position on a flat base with the
aid of guage blocks, and are then fixed in place with clamps or adhesive, A frame
determining the external shape of the jig bush plate is then fastened in plade and
the space between the jig bushes and the frame is filled with epoxy compound, The
low coefficient of shrinkage of the compound ensures the socurate location of the
bushes relative to one another.

The assembly of special jigs involves a good deal of alignment work and _
machining "in situ". In order to obtain high-precision assemblies, careful filing,
scraping and lapping is necessary.

the assembly of jigs can advantageously be broken down into the operations of
essembling individual units and that of assembling the Jig a8 a whole, ihis makes
possible a reduction of the total length of time needed to prepare jigs.
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In the assembly process, the mutual pcsitions ~f the parts and units +f the
jig must be adjusted and accurately checked. The correct po@iti ns are usually
determined by means of locating »sins, suitable holes beins drilied ind reamed 1n
the matinz surfaces for this purpose. For non-removatle assemhlies and uinits of
jigs which operate under compressicn or ghear, 1t i3 retter i use adhesivs Jointe
instead of mechanical fastenings. Epoxy adnesives cun g1ve - shear rezigtance of
=35 Kg/mmz. Locating pins nust, however, bve uned f-r the accurite fixang of
parts relative to each uther. Assemhlies of parta which are cemantad t.rether can

be dismantled by heating them to » temperature of 1507,

In order to achieve increased accuracy, 3everal parts are often machined
together after their ussembly. Thus, in order to achieve atrict coaxility of apere
tures running through severul parts, such aperatures are Lered “r reamed ocut after
the parts are assembled tcgether. In order tc schieve a smoother finish on multi-
component mounting surfaces, such surfaces are often ground in one piece after the
components have been assembled in the jig body. ‘When issembling Jigs, attention
must be paid to the proper uligmment of the parts by means ~{ which the jig body
is fixed to the machine tool.

THE INSPECTION OF JIGS AND THEIR PERIODIC CHECKING DURING USE

Newly manufactured jigs must be carefully inspected before they are put into
operation. Such inspections should cowmprise = visaal inspecticn, a check that the
jigs are complete in iccordance with the drawins, A rhack of the bhasic elements
and agsemblies of the jig to ensure that they huve been properly manufactured
(emonthness and ease »f movement, freedom r i jamming etec. ), an ~parational test
of the jigs, including tne nocessary adjustments and setting ovperali im (checking
of the »peratinn of the mounting nnd ~lampine mechanisms, the rotating devices,
fagsteners, ejectora, etc.), and a check of the precisicn of the work done with the
jig-

Checking cf the precisicn of manufacture of machine tool and assembly jigs is
usually carried cut in ~ne of three ways: by dire~t mcusurements of the various

dimensions of the jig on which the precision of its work depends; by the test

machining cf several workpieces (or the assembly of soveral units) in the jig,
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with subsequent checking ot their precision with normal universal measuring instru-
ments gauges, or other checking ianstruments; 1nd by the use of spacially-made

gpecimen xauge parts.

"™he first method, involving the use of universal measuring instruments, is

labour-eonguming and can only ba carried ouu by hishly skilled inspectors. The
gacond method is purely function:l and is more suitable for production conditions,
but it involves the wastage of the tost workpieces. The 2ssence of the third
method is that a special gaige pari is placed in the jig and it3 position with

respect tc the various guide cloments is then checked.

Jige used in factorics must be subjected to periodic inspecticns and checked
by special inspectcra. In series production conditicns, jige are periodically
removed from the machine tool and either returnsed t» store or elsc kept at the

workplace. This period of inactivity can be used for inspecting them and check-

ing them for accuracy. In maes production conditions, however, vhe jigs must be

inspected on the machine tcol during times when thoy arc not being used. In these

circumstance:, checking by means of standard gauge pieces is more comvenient. In

large factories, periodic choecks of jigs are carried out by a special group of
technical inspection workers. The results of the chock are recorded in a card
index. hese periodic inspections and checks may show up the need for preventive
maintenance or overhaul, or for ihc replacoment of worn parts and units in the jigs.
New checking jigs must be adjusted and temted before being put intc service, and
must thercafter undergo periodic chocks at the workplace and in checking
laboratories.

On receipt, checking jigs must be subjected to a full metrological inspection.

This inspection is carried sut by comparing the results of measurements made with
the jigs on special test parts with the results of measurements of the same parts
carried out with universal measuring instruments. The degree of error in the
measurements is analysed, and the reliability of thc measuring operations carried
out with the checking jigs is vhon detormined. An inspection certificate, a sot
of operating instructions, and a periodic checking card are ‘hen prepared for the
checking jig.

The periodic testing of checking jigs during utilization is carried out in
the technical checking department. If the total stock of jige is not large (not
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more than 100-150 jigs), inspection is usually carried out by inspectors from the

central measuring laboratory (TeIL).

Inspecticns ave carried »ut in accordance with instructions prepared by the
machine setting section. In crder t¢ carry cut the inspection, it is necessary
to have drawings of the jig and its pericdic checking card ot hand. After over-
haul, jigs are subjected 1> inspection in the central rhecking department. The
measurements ~f tne jigs effected in the course of these inspections are made with
universal measuring instruments and with special standard test parts. These spo=
cial test parts, which =zre used alsc for the periodic adjustment of checking jigs,
are provided with direct-rciding mcasuring devices such as gauges, minimeters, etc.
Certificates of accuracy are prepared for these special test parts, which must

themselves undergoe periodic inspection in the central measuring laboratory.









