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The  industrial  output of the developing countries  is  shara^enzoa b¿   the rela- 

tively anali numbers  and limited ranges of articles produced.       Ir, raoEt o.ees,   this 

output consists of articles for local industry,  agricultural oqiapmrnt and imrlewents, 

various consumer goods and household requirements,  x d simple epue  Pirtr for means 

of transport,  agricultural equipment,  and other machinery.      Pome  rJUJ.\riee tv >• .-iln 

depending on local conditio« and the level  of their industrial development,  produce 

more complicated articles,  including itane  for use in machinery and  in«trument  pro- 
duction. 

The induetrial production of developing countries is  intended mainly for the 

home market,  except  in come special cases where  it nay  also be intended for export to 

neighbouring countriee.      Ite distingui eh ing character¿stiob ar>, the amallneee of 

production runs, the relatively wide range of articles! produced,  and th«, frequent 

changes made in the products manufactured,  becauee of the appearance on the market of 

new and more highly perfected articles.      There are   ¿o national standards or specifi- 

cations for most of the articles produced.      The design oí' theso articles is usually 

based on foreign designs which come nearest to meotin, ioc >1 requirements.      No 

attempt is made to comply with the principi© of mter-zu    gt-ability   m the production 

of industrial goods.      There is, however, a demand for the -'code 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 description of the main characteristics of thu industrial pro- 

duction of developing countries ir   of a very general nature.      Depending on the lovel 

of development of these countries,  their general industrial characteristics may range 

from very poor to quito good. 

The existing industrial enterprises in ttwso cjurti-v^ have little experience in 

the production of geode.      They aro equipped mainly w. u( -tuIti--purpose equipment of 

foreign manufacture which le quite often of oboolcte  i. n -i vu.  in n. worn out  etat«. 

The tools and measuring instruments are mostly  purchiy:.» *   »ti  the eotamorci¿u market» 

Multi-purpose production equipment  ie purchased in tin     :v >..  *ey#  while ipeeial 

equipment is either raade abroad to special order or »N.,       M ;   fulv, \ .,«.- ptvthioed 

ir. tho dcvol-Ji-'iiii-. country  if il  ir, <;f miai i--,.y uhiplv ,r. 

There is a surplus of labour in the developing eou    ; iovf r\.\  %ner* =«*© few 

skilled workers, and there is also a shortage of ungi-i*   i   \*   ...1 technical staff, 
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In present conditions, the development and comprehensive rationalization of 

industrial production is greatly influenced by the correct choice 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 wool« 

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 jig« 

amounts to 15-20 per cent of the total equipment costs.    The design and manu- 

facture of the necessary sets of jigs frequently accounts for 70 per cant 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 oent) of the total »took of jig« is 

accounted for by maohine tool jigs used for the mounting and fastening of work 

pieces which are to be machined. 

The use of mac. ino tool jigs can bring the following benefits!    improvement 

of productivity and precision of machining»    easing of the operative's working 

conditions;    widening of the range of technological possibilities of the equip- 

ment, even to the point of boing ablo to use, in a number of oases, obsolete and 

worn machines without 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 pointe 

without readjustment, and the possibility of using more 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 factor, due to the faot that 

jigs enable machining operations to be carried out on a pre-set maohine tool in 

accordance with tho principle of automatic setting of dimensions* 
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The use of jigs enables fuller UBO to to made of normal multi-purpose machine 

tools.      Thus,  for oxaraplc, relatively choap and widosproad pillar-type drilling 

machines can take the placo of moro oxpensivo boring machines.      Single-spindle pillar- 

type drilling machines,  if fitted with multi-spindln heads, can take the placo of 

multi-spindle special drilling machines.      Precision holes can bo machined on an 

obsoleto horisontal boring machine by usinf a boring device fitted with jig bushes 

whioh guide tho boring hoad accurately with respoct to the workpiece to be machined. 

In the conditions prevalent in developing countries, where industry is as yet 

insufficiently organized,  it ie very ofton inpotsible to replace obsolete equipment 

promptly.      In those circumstances, the decisive role in improving the productivity 

of labour must be played by jigs, whose uso is economically and technically feasible 

for any enterprise.      The use of jigs also onablos production costs to be reduced. 

The cost of manufacturing jigs with a narrow range of applications limits, however, 

their use in enterprises with only a email production programme for a givon typ« of 

part.      The advisability of using such jigs must therofore be verified in each indi- 

vidual case by means of economic calculations. 

An effective method of introducing some measure of automation into series pro- 

duction procéseos is that of equipping multi-purpose machino tools with automated 

jigs and control gear.      If versatile, quickly-exchangoable jigs aro used, this method 

of automation can also be entirely suited for use in enterprises producing a wide 

range of articles.      There aro many designs of such jigs which are quite simple, 

reliable and profitable in uso,  do not require skilled operators, and can be used for 

various maohining operations in factories in doveloping countries. 

The jigs used in machining and assembly work can be classified, according to 

their function, into five basic groups» 

1.     Machine tool jigs used for mounting workpieces so that they oaa be maohined ia 

accordance with the requirements of the production prooess.     These jigs are divided 

up, according to the type of machining to be oarried out, into drilling, turning, 

milling, boring and other types of jigs.     This group, which is tho most numerous, 

also includes speoiai purpose jigs (jigs for bending, straightening and other spécifie 

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 this group of jipe, which are also called auxiliary tools,  is that it 

contains a large number of standardized items because of the extensive standardisa- 

tion and normalization oarried out amon^ working tools themselves.      In most cas««, 

jigs of this group are purchased by factories in finished fona,  and only a relatively 

small number of special jigs are designed and made to special order. 

The manufacturo of genoral-purposo jigs is best carried out in speci al i ted fac- 

tories manufacturing production equipment, while special-purpose jig« are best made 

in tool shops. 

3. Assembly jigs are used for assembling parts into units or whole fini«h«d product«. 

Regardless of the types of assemblies and the methods of assembly, the following 

types of assembly jigs are used:    thoEo for the firm fastening of the base part« (or 

units) of the item to be assembled;    those whose job it is to maintain the parts 

which are to be assembled in the correct and accurate mutual relationship to each 

other;    those for the preliminary deformation of flexible parts (such as spring«, 

split rings,  etc.) so that they can be assembled, and those used in pressing, rivet- 

ing, expanding and other operations, where heavy force must be applied during assembly. 

Many designs of assembly jigs are of standardized type. They are vsed not only 

in the production of various articles, but also in repair shops and techniool ••^vic- 

ing departments. 

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

and final cheoking of parts during machining, and for checking the proper assembly of 

units and oomplote articles.     The use of jigs of this group increases productivity 

and raises the standard of technical chocking operations,  frees a considerable number 

of inspectors for other work, and also facilitates the work of teohnical inspector«. 

Manual, semi-automatic and fully automatic checking jigs may be used, depending on the 

production programme and the type of articles produced.      In mass production conditions, 

fully automatic checking and grading machines with highly specialized function« are 

used.     At the present time, with the general tendency toward« continuous improvement 

of the quality of goods,  the role of cheoking jigs is continually increasing in 

importance. 
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5.      Jigs  for  the clamping, raising,   transfer and roUtmn of workpieces and unite in 

the course of .assembly arc usod fcr heavy partp whoso no venen t by the physical effort 

o.   the worker would be  impossible or  tiring,      ¡/hero production processes are fully 

or rrrtially automated,  however,   .Uff»  of this /r-nip ire alec uned for  light  object». 

Tri order to roduco the costs of theso  jics and devices,  quite extensive use is mado 

of standardized jig designe.      Those  jigs can most  adv-jitageously be manufactured in 

special enterprises,  so developing oountriee, whose requirements for jigs of this typ» 

&re quite »mil, would be beet advised to purchase suc'i equipment in finished form» 

Jigs are divided < p,  accordine to tha dwgroo of speciali ¡setion of thoir function«, 

into universal  jigs,  speoialised  jigs,  and special purposu jigs. 

Universal jigs usod in onu-off or snall-serias production can be divided up iat« 

standard-type  jigs and specially doeignod jipe. 

Standard-type jigs art; usually manufactured by specialist enterprises in aeeor» 

danci with valid technical specifications or «standards and aro aoquirsd (purohased) 

by factories in the finished for«.      This group of jigs includes!   Bachine vices, 

chucks for fastening workplaces on lathe,, chucks for holding bitta on drilling mach- 

ines, indexing heads for »illing machines, turntables, lathe centres,  faceplates» and 

other similar equipment.      Those items of equipment are not designed or manufacturée 

by the factories which use them.      They are used for the machining of a wido ran«« 

of parts of different dimensions.      In industrially developed countries,  these i tees 

of equipment are produced in special production equipment  factories.      They may al*"* 

bo produced by machine tool manufacturing firms in order to equip the machine tools 

produced by then, or else to custoaers' special order.     Many factories product laxgs 

quantities of such items cf equipment both for tho hoai market and for export. 

Universal jigs of special d«sign are designed and Manufactured on an indi/idua1 

basis, pruaarily for use in the one-off or small-series production of parts of a 

given typ« but of different diaensions.      In use,  those jigs are altered to tak» par-I« 

of a different sise by moving stops or altering the nosition jf bushes, clamps and 

other dsvicos.      toong such jigs aro those ufcad in the drilling of radial holes in 

parts euch as shafts, bushes and sleeves, those used to drill holes in flanges of 

various dimensions, and other typ«s of similar jig«»     In the conditions prevailing 

in developing countries,  special universal jigs can ou extensively used in faetorie» 

producing a wide rango of parts. 
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Specialized jigs axe constructed on the basis of normalized or standardized 

universal  jigs.      They are sot for the machining of specific parts by the installation 

of additional or exchangeable devices (special jr.ws  for machine vices and latho 

chucks, special locating and mounting plates fcr plunfor jigs, etc.).      Because they 

can be relatively easily ro—set to carry out different production operations,  those 

jigs are u'-ed in series production.      The manufacture of these jigs is neither an 

expensive nor a lengthy procosc,  as they are constructed on the basis of existing 

standard universal jigs. 

Special jigs are intended for the execution of certain specif io machining opera- 

tions on a given part, and are therefore single-purpose jigs.     They are most advan- 

tageously used in mass production conditions, where identical parts must always bo 

clamped in the same way and the production programme provides for the manufacture of 

a large number of parts over a considerable length of time.     These jigs are the most 

expensive and labour-consuming to produce, as on account of their wide range of de- 

signs they must each be manufactured individually.      Special jigs become useless and 

must be written off when a change is made in the parts produced, and this often takes 

place long before they are physically worn out.     When now types of parts are intro- 

duced, it is necessary to design and construct new special jigst    this may take up 

70-60 per cent of the total timo required for the technical preparations for produc- 

tion« 

Por aeries production conditions, it is extremely important to develop and intro- 

duce on an extensive scale convertible and quick-change jigs, as well as jig« suitable 

for variable production line conditions and production lineo manufacturing groups of 

parts.      Considerable experience has been accumulated, in the Soviet Union in t.iose 

fields, and it can be pasead on for uso by the industrias of developing countries» 

In recent years,  the design of production equipment has been considerably developed 

in the direction of improving its versatility.     Considerable use is now being made 

of universal built-up jigs, universal exchangeable-component jic's, jigs which can be 

assembled and dismantled, exchangeable-component magnetic  jigs, and so on.      The prin- 

ciples and apr"1  cations of those jig systems are dealt with below.      The question of 

the standardization ->f jigs is also very important for dov )loping countries,  although 

in small countries the scalo of standardization measures can obviously not be very 

groat.       In these circumstances,  the standardization of jirs is best carried out in 

selected directions and in accordance with pre-planaed stages and tarr;et datea.      The 

standardization of producción equipment must be carried out in accordance with a 

carefully   thought-out p.1 ex..       The  importance of this measure is  uvidont from th 
following conni ri orations. 
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The launching and development of tho production of alroady familiar or now parta 

is closely linked with tho preparation of the production equipment and particularly 

the propare ;ion of the most  expensive and labour-conGiunin^ part of that equipnen.; 

the machino tool  jip¡?. 

The rapid development of modem manufacturing and the constant improvement of 

the articles produced makes it assentir! to replace products from time to time with 

now and improved types. 

In those circumstances,  the previously-used special equipment, oxcopt in a few 

cases, becomes unsuitable for further use and mußt be wvitten off, as new special 

equipment has to  be designed and constructed in order to bogin production of the new 

articles.      When a largo amount of complicated equipment ie required, tho production 

preparation period is frequently so long that by tho timo a now article has come into 

full production it is already, in effect, beginning to becomo obsolescent. 

At the* same time, there is a tendency to try to increase tho amount of modern 

equipment used in production processes, both in largo- and small-output enterprises, 

so as to aohieve increased productivity of labour and lower production costs. 

This contradiction has given rise to attempts t:> find wayß to speed up and cheapen 

the development and manufacture of production equipment as a whole and of special 

jigs in particular.      Efforts to solve this latter problem havo mainly boen based on 

the normalization (and, in subsequent stages, thr¡ Etandardizatic^; of the parts and 

units of jigs. 

Such normalization reduoes the voliaao of design work, reduces tho number of 

different parts, and increases tho number of parts of identical function and dimen- 

sions which have to lie produced.      Normalized or standardized parts can be produced 

in large batches or oven manufactured by a single specialised enterprise, thus con- 

siderably reducing production costs.      In particularly favourable circumstancos, nor- 

malized and standardized parts and units can be taken out of ueod jigs and put into 

temporary storago, if necessary after partial overhaul, for later use in the assembly 

of new jigs. 

At present,  as many as 70 per cent or more of tho 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 basis of tho number and complexity of 

the drawings which they produce, but also in tho light of the extent to which they use 

normalized elements in thoir designs. 
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Tho first  stage of the normalization of ;if;r. consists of the normalization of 

thoir cenerai  doeign and dimensions.       The objective of nornrlization ie to establish 

dimensional classes for tho variuui:  elements arid units  ">f jigs,   to  lay down overall 

dinoneion3 and dimensions f >r Mating elements,   t-  normalize design  elements (euch as 

screwB,  fastoning elemente,  pine,  keys,  tapers,   etc.),  to specify the  accuracy with 

which parts mußt  fit together,   and t.-  establish tolerances for the main parts. 

The eocond  s tape oi normalisation concerni; tin; component parts of tho jigs. 

Among the parts which aro  thus n.ra:.lizcd -.re the components  of special jigs (the  ad- 

justing parts,  the parts making up the clomping devices, the jig bodies and their 

components,  tho fittings for checking the. position  of to,,ls, and the component parts 

of auxiliary devices) and the blanke (castings and forcings) for all these components. 

The third stago of normalization covers jig components with various other func- 

tions.      Thus,  among the compononts to be normalized in this stage are unitß forming 

part of clamping systems (pneumatic cylinders,  pneumatic bárrele,  the locks of rack 

and lever clamping dovicos, etc.), units making up auxiliary Mechanisms (indexing and 

turntablo mechanisms, index pins,  ejectors) and other mechanisms forming part of 
special jigs. 

Tochnical standard specifications are ostaelishod by the loading machinery manu- 

facturing works,  vochnical planning and scientific research institutes, and other or- 

ganizations.      Tho standards established nay bo internal standards (works standards) 

or State standards.      Tho issue of State standards is preceded by extensive prepara- 

tory work on the collation and correction of previously issued works  standards. 

In practice,   extensive use is also made of works standards established for body 

components and units of jigs which are designed to be assembled and disassembled 

(SRP jigs).      A feature of this systora is that the normalized olements are suitable 
for repeated use. 

Normalized units are stored in roady assembled form.      They are designed to bo 

installed, not within the body oi  the jig, but on its periphery,  so that additional 

machining of tho body parts can be avoided.      The machining of the body (drilling, 

cutting of aporttiroe,  etc.) does not prevent its repcatod use in other versions.       Jig 

bodies arc anaerobio* from normalized interchangeable components of simple goometricai 

shape which are designed to be fastened together by  screws, bolts,  and also by mean» 
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of synthetic adhesivas.      Theo typos of fastose mc.kc possible tho oasy and rapid 

.tripping of ,]i#: bodies and «hie  jife  into thoir component  elements,  as must be dono 
when the part boinf producod ie changtìd.      1ME Vltan can ^ uged foy  ,.gg ^^ 

with both norma: and quick-acting (pneumatic, hydraulic, etc.) clonping mechanic, 

and its uso makus it possible t, cut down on tho time «pont on tho design and manu- 
facturo of epocial equipment. 

What aro called universally adaptable jigs are used in seriea production condi- 

tions.      These jigs aro » designod that thoir componente can be rapidly oschaagod 

as often as desired,  so that thoy cari bo usod for several part/operations.      Thoy arc 

therefore extremely offoctivo in promoting high-productivity machining aothods in 

series and one-off production and in reducing tho preparation timo for production 
equipment. 

In recent years, two main system« of universal adaptable jigs have found 

»peeial favour, namely, jigs with universally exchangeable components (USP jig) and 
universally adjustablo jigs (UÏCP jigs). 

The USP syst on consists of a sot of normalised ports from which it is poaalble 

to aaaemble various single-function jigs.     This system began to be used in experi- 

mental and small-scries production in »any countries in tho mid-fortios.     After the 

assembled jig has boon usod, it iB dismantled and its component parts aro returned to 

•tore,  from which they can bo withdrawn at a later date for assembly into a new typ« 

of jig.      Thus, the USP system is only universal from the point of view of tho assem- 

bly of different kinds of jigs.     Tho jigs themselves are not universal, but are 
epocial (single-function) jigs. 

In factories where tho USP system has been used for a number of year«, tho «took 

of individual elements may amount to 25,000-30,000 parts, together with a certain 

quantity of normalised units which cannot be dismantled.     As many M 300 jiga con be 
assembled at on© time from such a set of parts. 

Th* parts in the basic set are divided up into eight group», the parts in «aoh 

group being of several types and dimensions.     The groups are as follows!    base parts 

(square and rectangular platee, face plates, angled base sections, rings), th« faces 

of these parts being provided with T-section intersecting grooves so that the various 

components of the jig can be fastened on them in different layouts?    body and support- 

ing parts (blocks, angles, packing pieces and supports of various shapes), likewise 

I 

¡ 
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provided with '"-section ¿nroovce,  rluts and apertures r;< tnat  different asseobliee can 

be Txult  up;     fitting  ¡.arts  (keyf,   .tow„u,   intermediate buches,   fixing pins);     tuide 

parts  (various t,ypcs ~f j L,    lushes, nude stripe,   pi 1 Lire and epuidlua);     clamping 

parte  (vario-iB  types  of ciarpe ani  . thor party);     universal  ji.r  fas toning parts 

(screws,  bolts,   throadod pi:.s,  i.u*c. and wach.-rs);    t.iccellaneoue parts (handle, 

stripe,   occor. tries,  eprin.fi,   pivot units,  and  FC   OU);    and normalized units which 

cannot be dismantled ( ad.iuf tatl,,-:i-;.(;nt  pupportt,  clamps?,   indexing mechanises,  otc. 

m  the  inititl period   J>   tneir Teration,   small  factorise frequently use a re- 

duced sot  of USP jit- conponurts uontastiat; 01   1.5-.1.5 tnousand parts.       Such a sot  it 

sufficient for tho assucibly  of  ¿OtWOu ji, e p^r y oar. 

Jig body and support  component; jv nanuiacturod to the second class of procieion, 

and their raatint; suriaoue  ar>.  rroun-i to thu nintn or tenth class of surface finish, 

Tho dimensions of those componente,  :=n which  tho  accuracy of thu various other com- 

ponents which aro assemblei  together impends,  muet cono within a tolerance of 5-10 

nierons.      The tolerances for comeré or arólos are set ut 5 microns in 100 nillt- 

metres.       Partr on which the accuracy of machining does not depend duet coos within 

the third to fifth classée of precision. 

Tho parte m a I'SP sot rruct be strong and wear resistant, and must retain their 

exact dinonsions and chape for a lor% period.       The base parts are made from 12 KhHZá 

steel, with subsequent  carv¡urizin(- and caso hardening to a hardness index of 6O-64. 

Fastening parts are nado fror. .k   KnA stool, hardened to an index of 40-45 and annealed. 

Guides and adjustment parte are i.v..do fron UtA and "J10A steel and hardened to an indnx 

of 5O-55.       The roma in in^ t   loss vitt.1 parts are made from >.w. 45 steel (claopi,  etc.) 

or No,  20 steel (washers,  otc). 

Practical experience of use of the UCP aye ten in factories shows th*t wear ©f 

the base parts over 10 .years anountc to less than ü.Olnm, 

When a set of USP parte  is available, tho pruparation of jigs «©ouate siaply te 

the assembly of the pjxts in accordance with a fi von schone.      There is usually no 

need to make any part« lor the jii-c.      In exceptional cases it may be necessary to 

make special parte, but  ouch parte do not usually  araount to r.oro than 1-1.5 per cent 

of the total number of parts   in  the system.       liso of the USP system reduces the time 

taken for the manufacture of  jirrc  to a small  fraction of that otherwise required. 

Tho assembly of jiro of avora,;u complexity  requires 2.5-5 hours oí  working time. 
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JiC «e *M«blod  in confomxtv wxth a drawing  Jf tho part  to bo machined in a 

particular oration  or also on th    UUùB of M actual ,.tal  spocxnu* of the part. 

J« «..«bUr  x. carrxod out   * hi,** CKXIXOI woricers, wxth.ut  any prelxnxnary pro- 
parata,  Uf llPwinK,  ior ti,,  jir.f  on thu fc<ieiB of what  u congidered to bp  thc best 

..luct^u of .onponcte.       If . póculo, ^ ^ lQ ^^ ^ ^ & ^ ^ 

xt  xs   thorofore doexrablo to  photorraph it  f• noverai w.lcSf  indxeatxn, the 

xdenufxcauon nu^r« of the  variou. c^pononts u.ed to ^ up the jig. on the 

photograph,  inetoad of aakinf   irawim r of tb«  U^        *#• +K<-  • t   wawuMc ui  xn« jitf.      .f this XE don,, ropoat modela 
of the jxg can be tmdo in a snorter time. 

Th. »ISP ayet* «wo. a c^xderablo mount of ti«, and conaidorably reduco, the 

co.t  of preparine for th, production of now par«.      It «ubi« jig. to be ro.od.ll.« 

«»1, and sickly if tho part b.inte produced in chañad, and xt also enable, indi- 

vidual  ¿i, port, to be usod a nurter of tiEo. for the a.sembly of different kind, of 
JMC«.       Thi. .y,t« «*«,  lt  po^i,^ to u-0 jirt ln facV3rloi wUh ^ a BEaii ^ 

put, -here th0 preparation of jie~, ln tho noma way would b« uneconomic. 

»mone the •horte*.»«, of the U» ey.teu aro th« lower rirtdity of uft» jig. 

ft- they eontain a i«« »««bor * joint., their unauitability for the incorpora 

tion of «uick-aotinÄ power-4rive« (paratie, hydraulic, «te.) claoping mediani«*, 
and th* lugh iaitxal eo8t of a ,ot of usp ^^ ^ to ^  ^ o ^^ ^ ^^ ^ 

the high degree of accuracy with which th«y muet be nude. 

Am a ooaplete eot of part« for a t;sP „.tea mcy eoet ^80 thousand rouble., thi. 

«yete* «y not be economic for a ..nCi. factory.      m this ca«,  xt i. advant.^ 
to .rr*»^ for ono or O0J.G USf> Beto to ^ availftblu fop ^ ^ m%wmUâ m%9rprimm 

xn a Cly« economic area.      Praticai QXpwim06 ot tha op#rftUon o| ^ hlp# -rt- 

both in th« Boviet Unio« and abr.ad tóow. that th*ir orifiûua ao.t it «uti^ly 

quickly repaid (in two or throe yesr.), while their toUl .«rviw nf. U «Wut 
fifteen y ear a. 

S«|*rieiice rtiow, that thc nnjority (about 60 p*r cent) of th* part. iB W ».t. 
are u,*d for »kir« drilling Jig., thm% 30 ^ oent of %hm ^ m^ fw ^^ ^ 

Un« jig., and about 7 por cont for nakin« tunun« Jlr8.     me r^^^ 3 ^ om% 

are uaed for Qakin* cheeky  jifeE, grinding ji€, mû tt^^ :im.      m^ proporti,». 

vary, howver, aeeordii^ to th© doer»* of devoiopaent of th« .yet«. 
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The main users of USP sete are textile machinery manufacturing firms, general 

machinery manufacturing entorprisoß, printing machinery manufacturers, pump manufac- 

turers, and firms in other branchée of machinery manufacturing. 

The average utilization period of each  jig (the average hire period of a USP set) 

is fifteen days, including one day for assembly,  two days for transport and one day 
for dismantling, 

A need is now becoming folt for the further development of the UBP system by the 

provision of narrower or wider T-shaped grooves for different branohee of industry 

(instrument manufacturing and heavy machinery manufacturo) and the incorporation of 

pneumatically or hydraulinally operated unite for the clamping of workpieoos. 

The eystan of universal exchangeable-component jigs (UNP jigs) is based on the 

uae of exchangeable mounting, clamping and ¿mide elements (units), fastened 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 type« and 
dimensions. 

In both cases,  the principle of easy conversion is observed:    i.e., the jift 

can b« used for carrying out a number of different part/operations. 

Universal exchangeable-component (UNP)  jigs Can be effectively used in .«rie« 

production conditions.      When a batch of new parts is to be produced, these jig. are 

not removed from the machino tools:    all that i, done is to replace certain of their 

exchangeable elements with different ones,  or to adjust their stops to take the new 
parts. 

Because of these advantages, the time spont on preparatory and terminal opera- 

tions can bo cut down and a higher degree of utilisation of the machine tool« can be 
achieved. 

The use of the UNP jig system enables the expenditure of time and money on the 

preparation of the production of new articles to be cut down.      The exchangeable p**t. 

and unit, of the IIP system are not returned to store, but aro kept at the workplaoe 

by the machine tools.      They are installed on the jig by means of centering .piadle. 

pins or guide channels, without the need for any adjustments.      Only a very short      ' 

time (2-3 minutes on average) is needed for the replacement of exchangeable part. 
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Amonf the normalized ji^c which arc used as a basis  f-.r trie j;,P rystem ira 

raachine vicos, plumer jiiB, pnoumatic chucks with oxcnaneunble jaws,  faceplates 

with adjustable brackets for the boring of pf.rts of irradiar snap* on r  lathe, and 

expanding jigs for the drilling of holus in the periphery of parts such .is flangos 

of diffurent diaraotere. 

Tho number of normalised jibs is continually incroasinf, thug forming a »olid 

foundation for the further dovolopnont of tho UNP jit   systou. 

Por the machininp of small parte on milling and othor machin« tool», UWP Jl¿» 

with exchangeable adaptors are used.      .' ¿en aiaptor serves to locate parta jf a 

given type and size      In this system, ro«ettint of the ji^s aujunts inly to replae«- 

ment of the appropriato adaptor. 

Various designo of UNP ji^ systems propared in recant years by mmy pianttinf and 

technical design organizations and enterprises arc being successfully u#«d in factories 

engaged in tho series production of parts« 
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On variable production linos,  in addition to the universal exchangeable- 

component jips already described, combinat ion-type jigc are used for the mounting 

in sequence,  without resetting or re-adjustmont, of the various parts which are 

to bo machined on a  fi von machino tool.    Jigs of this type are usually designed 

to take all the parts in a fiven class. 

In recent yeara,  extensive use has come to be made of these combination-type 

jigs for the simultaneous mounting of Bevoral difforont workpiooes on production 

lines whore a whole group of parts are manufactured.    Good results have been 

obtainod in the practical operation of such jigs in a number of machinery manu- 

facturing works.    Jiéjs of this kind are suitablo for the machining of parts of 

different types and dimensions, and they can be used for carrying out drilling, 

willing, flat grinding and other typos of machining operations. 

The simplest layout, which does not call for the preparation of a oombination- 

type jig, operates in the following manner.    The rotating table of a vertical 

milling machine is equipped with jigs capable of taking parts of different types 

and dimensions.    The worker operating the machino tool loads these jigs in a 

given sequence and removos tho machined workpiooes from the unloading section of 

the table. 

The use -r>f this system on variable production lines may not be so effective, 

however, as the saving of time on the exchange of jigs will not make up for the 

considerable amount of time lost through the empty travel of the *able when 

machining batches of identical parts. 

Tn group production line conditions, combination-type jigs with exchangeable 

parts can also be used.    In this case, the workpieoes of different types and 

dimensions which can be aocoptod by these jigs can be sent down the production 

line either individually or in batches. 

The use of combination-type jig» for variable production linee and group 

production linos makes possible maximum utilization of tho oquipment.    The design 

of those types of ji^s calls for a great deal of work on the selection of the 

right  layouts and tho general make-up of the jigs, however. 
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Group-adaptable  ji{?s can bo widoly usod  in the industry of developing 

countries, both in existing factories and in newly constructed ones. 

Jigs are manufactured by various production methods.    Universal-type  jigs 

are produced in considerables quantities to supplement newly-manufactured machine 

tools forming part of the oxistin,? range of production equipment, and a consider- 

able proportion of thorn (3- and 4-jaw chucks, plates, and other equipment) are 

standardized or olse are manufactured to comply with official specifications. 

These jigs aro produced in specialized factories or in special departments of 

machine tool factories, "by mass-production methods or at any rate in larfe scries. 

Normalized jigs and the various units and individual parts for thorn are produoed 

in a similar manner. 

Special jigs are manufactured individually or in small batches in the tool 

•hops of machinery manufacturing factorios (for the requirements of the factory 

itself) or in machino tool factorios (for fitting to special machine tools). 

They arc delivered to the purchaser in finished form.    In many developed countries, 

speoial jigs are also produced by specialized factorios.    The manufacture of 

special jigs is usually in the nature of a one-off process.   Where oxtensive nao 

is made of normalized and standardized parts in their manufacture, however, they 

can b« manufactured on the principle of serios production. 

The workpiocos fram which tho parta for special jigs aro to bo made aro 

likfcwlM manufactured by ono-off production mothods.   Cast workpieeos aro pro- 

duoed by sand casting with wooden coros, forgings aro produced by free forging, 

and small parts aro cut out of various kinds of soctions.    Items of medium and 

large dimensions and of complicated shape, such as jig bodies, uprights, brackets, 

ate., are of welded construction. 

Castings for important parts such as jig bodies may advantageously to« 

subjected, before baing sent for final machining, to rough working and natural ©r 

artificial ageing so as to remove any internal stresses« 
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Welded olair-ntB aro fabricated  from previously propared parte such as plate*, 
strips,  an,;los,  corner plat0Bf   dlECs ^ buBhcs#      r,hoeo partßf   thoroughly cleaned 

of rust and crease,  are assembled in clamps or other mechanical  locating devices, 

the accuracy of thoxr location with respect to each other is carefully chockod,  and 

they are then tack welded at various points.      After the clamps have been removed 

they are again checked for accuracy,  and the find welds are thon made. 

In order to reduce distortion,  it is beet to use electric arc welding.      Gas 

welding is used for thin parte not more than 4 ran thick.      The danger of distortion 

of welded units iB reduced by making non-continuous welded joints. 

In order to remove internal stresses, welded components are annealed for 

1.5-2 hours at a temperature of 6OO~650°C.      if a CQmponent ie of lQXgfj ^^ 

and is difficult to anneal, the wolds are peened with a hammer.      The component, of 

special jigs are of a varied nature and must normally be made to the second or third 

class of accuracy,  so thoy must be machined by highly skilled workers.      NomaXiiod 

parts are machined in batches on preset machino tools, frequently with a progroMiy, 

parallel or parallol-progressive arrangement of machining operations. 

The manufacture of pi*ts with holes that must be very accurately located with 

respect to one another (bodies for .drilling and boring jigs,  laid-on jigs, diso., 

indexing mechanisms,  otc.) is a very special process.      Because of the very olo.« 

tolerances (hundredths and thousandths of 1 mm) for the distances between centre., 

normal methods of laying out and boring do not givo satisfactory results.      If a We 

amount of work involving the boring of extremely accurately located holes is to be 

carried out,  xt xr best to use a jig boring machino, which bores holes with gveat 

accuracy not only along parallel axon, but also,  if the machino tool is fitted with 

a rotatxng table, along intersecting or cross axes.      * fitting special planetary 

heads, these machine tools can also bo used for the grinding of accurately locato* 

apertures, circular grooves and curved surfaces described along the arc. of 
circumferences. 
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rhe use of plastics offers great possibilities for the reduction of the amount 

of tin» and money spent on the manufacture of jies for series production.    >o*y c 

pounds are usually used in «achine tool jigs,  as these compound, are the strongest 

kind, of plastics.   A föodepoxy resin moulding coapound consists of 100 parts by 

weight of E&-5 or 2B-6 epoxy resin,  200 parts by weight of filler (iron powder, 

iron oxide, marshallite, cement, etc.),  1>20 parts bj  weight of plastifier 

(dibutylphthalatejand 8-y parts by weight of hardener (polyethylene-polyaaine). 

i'hi. coapo.ition can be moulded in variou. ways to make the basic and auxiliary eoa- 

ponent. of .peoial jigs.    After hardening, the epoxy compound ha« the following 

aeohanieal properties    hardensr. m 20, ultimate tensile strength 6 kg/«2, ultiamt« 

eoapre«.ive «trength 13 kg/«2, .peoific impact strength of up to 12 kg/oa/e«2. 

D«p.nding on the filler uaod, the .pecific gravity of the coapound varie, fro« 

1.2-2.0.  Shrinkage of th« coapound in hardening i. about û.l per cent,    Th* wear 

reai.twie« of th. coapound is close to that of aluminium alloy., and the rigidity 

of part« aad« froa it car be increased by the incorporation of a at «el 

Th« disposable mould, used for ahaping th« compound can be aad« ©f plaster ef 

pari, (using a wax model of th« part to be oast a« the eon), cardboard (by drawing, 

cutting out and th«n .ticking together th« developments for part, of siapl« «hap««) 

or Plasticine.    Only a mail aaount of tiae (fr«{iu«ntly about 1-1,5 hour») i« re- 
quired for th« preparation of such moulds. 

Ipoxy coapound can be used to mould housings (negative impressions) for tat 

Bounting of workpiece..    The base for the housing i. a welded box into which tat 

•poxy compound is poured.    A nagativ« impre.sion of th« part to U wMfttd i. tats 

Bad« in th« surface of th« compound with a standard specimen of she part, 

Epoxy compound can alto b« used to aak« jig bush plates with accurately looat«d 

hole.. Th« ¿i« bush«« are placed in the required position on a flat baa« with th« 

«id of guage block., and are than fix«* in place with clamp« or adhesive. A fraa« 

d«t«r»ining th« «xt«rnal shape of th« jig bush plat« i« than fastened in plaoe and 

th« «pace between th« jig bushes and th« fraa« i« filled with «poxy coapound. fht 

low oo#ffici«nt of shrinkage of the coapound ensures the accurate location of th« 
bu»he. relative to on« another. 

Th« assembly of .peoial jig« involve, a good deal of alignaent work aad 

aachining "in •itu".    In ord«r to obtain high-preciaion asseablies, careful filing, 
scraping and lapping i. nece.sary. 

The assembly of jig« can advantageously be broken down into tha operations of 

assembling individual unit, and that of assembline th« jig sa a whol«.    ìM« 

poMibl« & reduction of the total length of tiae needed to prepare jig«. 
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In the assembly process,   the mutual pcsitiono   A'  the parts and units of the 

jig must be  adjusted and accurately checked.     The correct positi  ns are usually 

determined by means of locating pins,  suitable holes  beim' drilled   und Man»i in 

the mating surfaces for this  purpose.    Per non-removable assemblies   má  ¿nita -f 

jigs which operate under compression or shear»   it   is  reiter t    use  adhäsiv*  joints 

insten of mechanical fastenings.     Spoxy adnesives  cm give   t shear reglet «io« of 

Ï-3.5 ìtg/mm2.     Locating pins mint,   however,   be   uHsd f .r the accurate  fixing of 

parte relative to each other.     Assemblies of  parta which „re cemented tether can 

be dismantled oy heating them to   \ temperature  of  I30 V. 

In order to achieve increased accuracy,   several parte are often machined 

together after their assembly.     Thus,  in order to  achieve atrict  coaxility of «per- 

turba running through several parts, such aperatures are bored   ^r reamed out after 

tb* parts are assembled together.     In order to  achieve a smoother finish on aulti- 

coaponent mounting surfaces,  such surfaces are often ground in on« piece after the 

components have been assembled in the jig body,    '¿hen issembling jigs, attention 

must be paid to the proper alignment of the parts by means of which the jif eo#> 

is fixed to the machine tool. 

THE INSiSCTIOK OF J IOS AND THBIK PERIODIC CHECKING DURIMO USI 

Hewly manufactured jipa must fee carefully inspected before they are put into 

operation.     Such inspections should comprise  a visual inspection,   a check that the 

jigs are complete in accordance with the drawing,   a chock of the basic eleaente 

and assemblies of the .Uff to ensure ttnc  they have been properly manufactured 

(smoothness and ease of movement,   freedom i'r u jamming   etc.),   an opérât tonal test 

of the  jigs,   including the  necessary adjustments and setting operfcti"im (checking 

of the operation of the mountinr and clamnirwr aMchanisms,  the rotating devices» 

fasteners,  ejectors,  etc.),   and a check of the precision of the work done with the 

Checking of the precision of manufacturo of machine tool and aeseably jifs i« 

usually carried out in o no of three ways:    by direct measurements of the varions 

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

»acnining    cf severil workpieces  (or the assembly of several units) in the Jif, 
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with -subsequent checking of their precision with normal universal measuring instru- 

ments. gaui*ea, or other checking instruments;  and by the une of specially-made 

specimen gauge parts. 

"lie first method, involving the use of univorsal measuring instruments, ia 

labour-consuming and can only ba carried out by highly skilled inspectora. The 

socond method is purely functional and is more suitable for production conditions, 

but it involvea the wastage of the tost workpioces.  The ossence of the third 

method io that a special ga<;ge part is placed in the jig and its position with 

respect te the various ¿juidc oloraonts is then checked. 

JigH used in factories must be subjected to periodic inspections and chocked 

by special inspectora.  In serica production conditions» jigs are periodically 

removed from the machine tool and either returned to store or else kept at the 

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

ing them for accuracy.  In mass production conditions, however, the jigs must be 

inspected on the machin« tool during timos when thoy are not being used. In these 

circumstances, checking by means of standard gauge pieces is more convenient. In 

large factories» periodic chocks of jigs are carried out by a special group of 

technical inspection workers.  The results of the chock are recorded in a card 

indes.   hese periodic inspections and checks may show up the need for preventive 

maintenance or overhaul, or for the replacement of worn part3 and units in the jig«. 

Rew cheating jigs must be adjuatod and tested before being put into service, and 

must thereafter undergo periodic checks at the workplace and in checking 

laboratories. 

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

This inspection is carried out 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 

aeasureraentB is analysed, and the reliability of tha measuring operations earriwl 

out with the checking jigs iß thon determined. An inspection certificate, a set 

of operating instruct ions, and a periodic checking card are then prepared for the 

checking jig. 

1*e periodic testing of checking jigs during utilization is carried oat in 

the technical checking department. If the total stock of jigs is not large (not 
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more  than IOO-I50 jigs),   inspection is usually carried out by inspectors from the 

central measuring laboratory (TsIL). 

Inspections a-e carried out  in accordance with instructions prepared by the 

machine setting section.     In order U   carry cut   the  inspection,   it is necessary 

to have drawings of the  jig and its periodic chocking card at hand.    After over- 

haul,   jigs are subjected to inspection in the central checking department.     The 

measurementr.  of the  jigs  effected in the course of these inspections are made with 

universal measuring instruments and with special standard test  parts.     These spe- 

cial test parts,  which  are used also  for the periodic adjustment  of checking jigs, 

are  provided with direct-reading measuring devices  such as gauges,  miniraeters,  etc. 

Certificates of accuracy are prepared for these special test parts,  which must 

themselves undergo periodic inspection in the contrai measuring laboratory. 






