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In a developing country production bused on product licence

from developed country @eans considerable constructiona and
technologys al .wi.s;waliun,;l Work. The reasous tor this aJe:

tie conmtras tion y;niuuw 0y developed transferiing industry

s Based on gFecbaet sertal protuction, tisher Luality preformed
poroduc ta, more s Centilic professional knowledse, more advanced
poroduction taosls el orwanieation thau that of the recei1ving
Country. Uhoos means that when applying licence constructional
Concuptions representing generally Lache? tochnical standard
huve Lo bhe replaced by @ere gimp le structures which perform
Funt tional work and whioh welv also cuntained n licence. Tnose
can ve realized Ly avallavle means and techni: 11 knowledge yet

Amgutine jualitative atipulations.

in order to pruovide required struct jonal yuality bv means of
more simple constructlon vad less advanced productiou, techino-
logical pranciples and adaptable processes have tu be applied
properly and ~onsistently 1u modificatious purformed at the
sduptation of construction snd production, as well. The study
18 devotad tu deal with this problem without substituting

technoloyicl trude books.
Major subjects d1scussed 1n the study are,

~ Criteriums of congtruction soundness which are to be en-
forced at any technical level are: formu.stion and re-

quirsweuts ot torm and techinological souniness.

- In the wlaptation of constructions general technical
attitude vequired by techinology: careful examination and
analisvs not only of structural operation, but of manu-

facturing when designing.
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chuological soundness in the adaptation of

- Assertion of te
technological and econosical exasins

component structures,
tions which have to be

tional designing and in sel
tolerances and surface finish.

performed 1n “he original and adapts

ection of material when determin

ing shape, dimensions,

ssembl ing wethod and apsembling fimensionsl

- 8election of a
chain conception 1n the adaptation of construction:

rium for selection of
ability tuking 1nto account structural conception,

of munufacturing and
chain cunception 18 desirable

crite-

complete, limited or partial change
naturd

technolowical lvves, siticoh dimensionad

or reyulred to replace with,

if there are lower grade technolcgical rejuirements instead

of hicher ones.

ociated with the effect of production specialisa-

The subject ass
vel in adaptation

tion and concentratl
is less detailed her
different study eutitled, "complexity,
1e Engineering fechinology™.

on on possible techuival le

e because 1t 18 discussed by tue writer an d

spectalisation and Jou-

centration of ti

When writing the brief study the writer took i1nto vonsideration

that the reader had needed technological kn
reader can find 1t 1n respective technical literature.

owledge or the
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1. The gtandard of home techamology and thoge embodying the
product forming the subject of the ligence

1n such a country, tn wiich the industry 18 still only de-
veloping, a problem (3 caveed by putting into manufacture,
with the aid of s licence of such a product, the documenta-
tion of which originates from a developed industry, and aleo
represonts i1ts technical stundard. The higher the technical
standard of & structure and the technology embodied 1in it,

the greater the Jdifference which mustl be bridged 1n the courss

of 1ts adoption.
The chief causes of the technical differences:

- constructions des yned in Jdeveloped i1ndustrial countries,
belong to products manutfactured in mass produr-tion, but 1in
every vase in larger series, ip comparison with the in-

dustry of the adopting country,

- 1in general the accepted documentution 1s compiled on such
kinds sand qualities of materials and memi-firished pro-
ducts, which are eithor not obtainable or elwse with dif-
ficulty and rarely in tne country adoptiug the construc-

tion,

-~ arising from the sizc of serieas, but wrlan on tne other
hand as the result of more develupud industrialisation,

usually the manufacturing technol) gy of the offered con-




struction requires more advanced machines, eyulpments,

nrocerses and tooling thwn Lhe accepting industry has at

ite diapoind)

— 1w aecepton dacuuentavion hag been prepat ad takiug into
onaideration o bigler acsan g ad orafe agional know-
Teapre, that. thiat @11 h em be tound at the worment in the

pluny ol actceptu e

- the documentntion 4 'ite lrooneg tnyvoalves » aigher form of
(rgesopatoon than thet eb can he assured at o the place of

cdoptive.

T{ ic obvwious howaver, that ‘hs products mawfactured at the
ulace ¢f adoption Must roet bisedr functignary reyuirements)
aneg the characterist e apsc.irosbinone - aved if on a lower

1imit ol tolersace — mnst be Tul i tlied,

Ty s comuitros Renatis tlat .on ua 'eveloping country at the
tine of teeoipt ol roe daceno s aan techuical and organis-~
img acicvity beonecetsary, soich 1o e particulsr problem of
the dopllen o7 ccue o tie s erd anufacare, if the general
techiiical standard »f the . tv.tin ,.870 I8 inower thaw that
of the pluce banling over tne Mueeace. However the solution

of the question 1: toet « palases, the poswinilities are at-

Caimable if expeyts so bt tn vecinica: wud economic field are
“n poasoseion of the neceskrary knowiedge and apply 1t pro-

cvrly.

Althoush the question in that at the time of adoption the
product and production muet be juograded to a somewhat lower

ievel owirng to tho giver ohjective circumstances, éven 80
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this task requires a fundamental technical knowl edge and de-—

manding careful work.

It can be stated, tnat in possession of the designing, but
mainly the technclogicel sundamontals and by their consequent
application, with knowieduo of local surroundings and possi-
bilities and adequete practical! expurivucs tne adoption of
the documentation ceun bae successful, and later this will

enable the technical standard to 1ise graduallye.

Essentially the task ls tbat:

- constructiors) snlutions representing higlier technical

levels must be substitutad by simpler structures fulfill-

ing functionary tusks, which can be carried out in the

given circumstances of produr tion,

- 1in place of technolougy representing a higher technical
level a ready to use technolegy should oe applied assur-
ing just sufficient uuslitative couditions and for which
the machincs and equ:pments are al disposal and which can
be st1ll carried out relatively economically in local

circumstances.

As in the developing countrieas in the constituents of the
cost of production the wige yuote, but gresnter part of over-—
-head charges nre aisc relativeiy iess than in the developed
industrial countries, in the case of lower productivity, too
the production can be economical The ualitv of the products
in many cases ran by rexlised fngtead of with accurate ma—
chines, with work rejuiriag 41ligent, circumapect lengthy

manual activity on simpler, all-purpose machines.




Just as the qualitativeness is not given by the machine, but

in a large measurs depends on the work of the worker, other
technological ruley, process2s mist bae assured. Below an ef-

fort is made to show not economic buat rather such technologic-

al tusks.

2. The criter:a, to be fulfilied at wihatever technical level,

of corxyrectness of construction !

At the time of the designing ot the consfructions and also at
their adcption strncrural opsrational demands must te assur— |
al, but notice must be tnken of the forus and also of the .
ecenomi: productibilarty. Thus tne construction is good if it
saticfies:

a/ structural correctness,

b/ correcinesc of form, and

¢/ technologicsl correctness,

The structuraliv correct comstructionm is well suited to opera-
tional demands: its kinematic system is simple and assures the
required moveme!tr of the operavional task, the dimensions and
materials of the components gafely suit the cross--section re—
quired by the given loading, = structure built from elements
vperates with s.fety, the prescrived demands of accuracy, the
physical properties of the rouglness of the surface layer of
the component courrespond to the motion-geometrical, the fitt—
ing, the frictional aud 11fe durational conditions, the power

factois and/or aefftciency of the product are sultable® the

specific weight of the product 1s relatively small, etc,
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The correctness of form requires that the product and the
shape of 1is components satiefy the up-to-date term demands.
The shapes should he pleus.ng tc the eya, tasteful, propor-
tional in dimensiocns, It 1¢ ‘e usved e. . o counsuwers’ goods
that they be stvl s, unu 't 1» Harmoniously with the sur-
roundinge snd furarture. w.g. from veiicles that they be
streamlined, »nd ta-ir fittings comfurtnble, Un the otier
hand very often tue dos pon gii,s througn {o the constrained
fashionabhle shiapes aid coiours. Jduly vhe forms which are
moderits, of a cultured arviistic tasto, satisfying consumer

requirements and economic demands are correct.

The technolegically correct comstruction satisfies, beyond
structural and formation correctnessa, also the dewand that 1t
can be produced by the most suituble processes in the least
possible time and at the lsast cust, the structure and design
solutions are adjusted to the rejuirsuwents of productibility.
This generally meana the furtirer perfecting of the designing
because frequently the optimmm solution must be found within
the contradictory designing and technological demands. As the
economical circumstances of the wmenufacture depends on the
choracter of the production /on scriul size, mass/ und as the
method of production reacts c¢m the construction, the techno-
logically correct solution of tne construction will also vary
uccording to t.ae producvion beruy sin:le, serial or mass. In
these there are dif'fereat kinds of working methods, machines

and equipment:, thus the biliets or semiflinished pieces, the

development of the siapas of the compunents, toe 1imensions




even the prescribed accuracies can be different. Thus the tech-—
nological correcinsess of the comstruction dopends ou the number

of pieces tc he produced.

Tt ig obvious, that thc standaru of the state of development

of the yrouducts, working .uglcacut. wud predessioanal kuowledge
‘nd vorking medlicas are istoricai categories, and at the be-
gianing of indusiiiloabion rere more srimivive, thes gradual-—
ly developed. The hznding over amd cccepting i ilcences acC—
celerated the developument . shorceasd o orveen pheses ol develop—
ment., Lut bt cuannat euticely spau the hackwardnees 3n standard
any way. Comsequaeatly an the different technicul standards the
criteria of structural, ferm amd tecimological correctness are
different. The deterwinsa coptimum of thesc belongs to the given
standard, the attaining sund vealising of which is thé actual
aim at the time of zdopting the dovumnntation given on the
basis of the licence. The attainable optimum con Le higher the
greater the mass of production and the higher the standard of
the mental capacity at disposal, which participates in the

adoption of the given productio:n.

It is cleur, that in the developing industry instead of
automatic machine lines, one-purpoee special equipment, ex—
pensive tools, mostly still ail-purpoce wachines and imple-
ments are at its disposal, and the surface fiuishing, the
shape and the designs vl the comgtruction must he moditied

in order to apply &ll--purpnse methods. but at tue same time

satisfying tie structurally, formuationally and technological—-




ly correct criteria to be fixed on the given standard in the

adavted construction.

3. General tccunical survey reyuired by the technoiogy while

adopting the constructions

Just ag on a given teconiceel standsrd ance in pusaession of the
equipuwments in proauction the metldd of werk cannot be chosen
at will, at ihe time o the adoption of 1the constructicn ob-
tained on the bas.: of jicence tue desiene:r caanet be exenpted
from the necesgszity of examinl e the pussiiic ways of produc—
tivn. The work ol adepring desigaing mest e exgmined not only
from the operational peoint of view the appropriate shape and
dimensions, but must strive for suppiying these from the pro-
duction point of view toc., mven this is not gufficient, if one
is convinced that the shapes desiycned can be realised with the
required accuracy hy any method of work, but in mind muat
follow right up those processes with which the components can
be producerd and assemhled iu the workshop. The cowmponents must
not be examined only as sechannrcal cloweats, but ain the
imagination muszt be seeu 48 the woikpieces omerging from each
other, from the raw material te {he supply of the finished
form and dimensions, In ti s knowledge of these, the structural
golutions should be so altered that the most economical method
of work will be applicable. It 18 expedient 1f at the time of
designing more complicuted compenemts aud structures the de—

signer confers with the operation-designer.

This survey also means ihat the designer must refer several

times in his structural drawings to tho technological solu-




tions, it must be indicated as on the basis of what kind of
vroductive conceptions the designs originated, possably in-

etractions should ve ~iven regarding the manufacturao.

such prescriptions could alread; bo op the original drawings,
too, these probably weuld have to be re-marked according to
tiv: technology to he realised locally. k.e. on the drawings
o1 machines beside the geomeivical duta of the microroughness,
ae should also zive the direction of groove /and snhape/, or

dAnyormines thie wethod of proces:iing lLoo.

Onviously, the technoiogical vprescriplione ol the designer
cuen ba many sided, chiefly in the case of welded structures,
articulated large workpieces, heat treated components, com-
plicated, o1 pieces of a very strict tolerance, or structures

with precise operating deununds,

The designer can only satisfy all these, if beyond a common
knowledge of designing, liv knows the manufacturing technology
thoroughly and scquires a technolouical attitude and way of
thinking. Techmological fucts cun be studied in university,
further devcloped by diligent self-acducation and in the
course of factory experiences, on the other hand technologic-
al attitude and way of thinking depend on the aptitude,
abi1lity, capacity for sclf-adaptation, will of the indivi-
dual. Many yeure of experionce .san £ive o suitable routine.
On the acyuriag of all these too, the technological correct-
ness can only be valid if the designer consistenlly examines

his structural solutions amd with an unswerving will makes
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efforts for the combined satisfaction of ihe conditions for
operatiag, techuolozical end forwuiug correctriess. These con~-
ditions arc denendent on encih other, butr at tine same time

they are of equial value ond of the subie swrnificance, tao.

4, The consicribion i the recunological correclness while

adopt ing ol componen: comstructions for tome industyy

Although tecimnlogical covrect desien @3« tosk requiring
complex wnd metculeus work, yet the iuin toints ot the
realisation of the tectaclugical correctness can ve put into
a system, the tusks can be listed almost tuaxatively. The
igsuing of the solutious is not as simple, but can be found

in more or less sumparised forms in literature,

At the time of both tue original and the adapting designs
technologital and economical examinations of the designs of

machine components must be carried out in every task:

a/ at choice of material,

b/ at designing of shupe or form,

¢/ st supply of dimens.ons,

d/ at establishment of accuracy specifications,

e/ at determination of & :rface quality.

Generally the topics and line of facts of the tests to be

carried out at the time of the solution of these designing

tagks are as follows:
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ad a/ To be oxamined at choice of material

- technological requirements and possibilities:

workability of the muterinl /ductility, machin-
ability, ways and possibilities of lLeattreating,
f£11ling copacity 1a idguid state etc,/;

The changc of propertics o the materiai during pro-
cessing /varying ot styongth, herdness, fibre-direc-
tion, occurriny sireRscs vic.’;

The most suitable process (or Lhe working of the ma-
terial, and for assuriug the rejquired material pro-—
perties /pre~, intermediate— and post—-treatment/;
The unapimous determingtion of material character—
istics taking intc cvonsideration the working process

/on parts list: the name of material, quslity, raw

state, standard or catalogue reference, heat or other

treatments/,

az-econnmical requirement s

- Suving of material /small ailowance prefabrication,

material saving processirg: deep—drawing, cold ex-

trusion butt welding and surfacing etc./,

- saving of time and cost /usvally as above/,

- #xploitation of capacity /transfer of operations

from the narrow of the production flow section/,
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ad b/ To be examined at the time of designing of forms:

bl- technological requirements and possibilities:

- Simple configurations ,/as few as possible basic fi-
gures with plain surfaces for connecting each vther/;

- Shapes whicu can be .2alised simply with few opera-

tions, all--puipose smplewents, few ind small sur—
faces to be cut, easy npproximation by wrefabrica-
tion - .. custing, «ud forging etc./,

- The capacity of the chosen woriking to yive exact
shape /cavity "illing capacity, wall thicknesses,
etc./;

- The course of realising certain surfaces /shapes/
/how tie shapes of the workpieces arise out of each
other in the sequence of the processes/;

~ The most suitable shape designing cnonuforming to the
working method to be chosen /forms, plsnes of split,
its shape, & saimple form] at cutting: eimple tool,
jig, mwachine setting, suitable clearance spuce etc./)

~ pssurance of retentivity /effect of residual stress,
oxamiration of faults in snape caused by heat treat—

ment and working/;

4

bz- econcmiceal requirements:

— Saving of matarial /thrifty shape dsvelopment: de—
crease ol waste, realisability of wastse, shape which

can be made by operation requiring less raw material:

deep—drawn, welded otc./;
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- Saving of time and cost /tipifying, standardisation,
fow and small surfaces to be machined, working in
pairs or groups etc./)

- kixploitation of capacity,; shope lesigning not burden-

ing the narrow section of production flow.

ad ¢/ To be exumined on supply 01 dimensions

cl-technolqagcal requircments and posgsihbilities:

- The extent o the component /the collation of these
on the tool wachines and cther equipnents with di-
mensions to be workod;, tiie control of the measure—
ments from the point of view of louds and rigidity

during the processing/;

- The supply of the Jimecnsional chain /unanimity of
the structural basis surfaces, collation of the
structural and technological hases, supply of dimen-
gions in measuring sequence, exXamination of the co-
ordinated aund chain-like Jdimensioning, the correct
references to dimensions of syumetrical and circular
pieces, clear survey of dimensions: grouping of di-
mensions according to operation and clamping,

correct connection oi dimensional cliuins etc./;

C,=06Conomical reyuirreuents:

-

- Dectrease of 3hoddies /uniform and unanimous dimen-
sion supply, coincidence of structural and tech-~

nological bases/}
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- Saving of time and cost /if the struotural and tech-

nological dimeusion netwark coincide there is no

need L'or cuaversion; tue measuring should be simple

and natural/,

ad &/ To Le examincd 3t accuracy specificat.ions

dl- technoloyicul regquirements aud possibilities

= Unaniwmity of tolerances .collution ot standards and
correct determination of suitable signs of nome
standards, tie collation and supplv not only of di-
mens:ons, but of shape and position tolerancey,
supply oi specifications refering to non-tolerauced
dimensiouns and suapes/

- Examination ol udherence to toleranc:. /faults occur-
ing from the¢ previous workiug and the recognition of
the faultis of tire operation next in turn, summing
them up taking into consideration their character
— in scalur form or according to the law of proba-
bility - | consideration of working method assuring
tolerance/;

- Assurance of mainteining accuracy of Jdimension and
gshape /suitable ri-idity, stress decr.asing heat—
treatments in due time, and identical machine, tool,
device, worker and inspector etec, for production of

a serial workpiece/.

dz-economical requiremeuts:;

~ Reduction of shoddies, saving of time and cost /the

tolerances should not be stricter than the accurecy




required by the operntion; the dimensionsl chains

should be the shorteat possible, Juast possible work-

ing on non-tittrug parte, @ r.winatron a9 the economy

of instrumentation anud tosling ete., .

ad o/ To be examined at deivrmiunat.or of surtace quulaty

€ - technolopical rejuirwwents aud posstuilitres:

- Collation o!f the roukimess witi tolorence of dimen—
gions thut 15 the este o tshme ot .nd specilication of
tolersnce and woriine corres;onting 1o tie roughness/’

= The unumimons specificat con of rougnness ,with such

standard data, which can be established in the

-

factory/;

- The exarination of the adherence to roughness
/establishment of the lapping and refining capability
of the material, examination of the vibration condi-
tions, detsrmiuation of suirtuble tnol geometrical and
technological datey,

- wxaminatiou of the whysical properties of the pro-
cessed surface .from the »nnint of view of abbrasion

resistance, corrosion resistance, dynamic loading

atc ',/ .

02-aconomical rogulrements;

- Decrease of shoddies, saving of time and cost
/epecification of largest roughness, which still

corresponds to the operational and endurance re-

quirements/,




The anewer /and thus the solution tu the greatur part of the
questions exam. vd ol listet above, vith a peneral techno-
loglcal knewlodue, can be tound un the basis af l1torary data
at public dirsponal  However tuete pre problems oncerning e
Judguew -t o tocanolon,orl cotrectaesg Lot cMr h o b, Cal-
culating processes, ndfine porals pravticoal siract ions ond
date are necoraary, dion are net @t n lLiterature, ar can
only be foumd with groaat dieficulty, 1t belangs (o the future
tagk of research aad litaracure to work v suen airda and
directions, with tach the reslysution of technological und
economicul correctness can vecome operative work. rurther on

efforts will be mude tu give u few points on these.

Ihe establishment of the economic working methud 1s possible

by an analysis of time and cost. An exarmination of cost of
production is slso unecessary in order to establish the

ecouomical tool machine, the economny of tooling and 1nstru-

mentation.

Realisation of work and timwe studies. The time functions

- regular coherent moncgrams ind diagrams of allocated time
and reference basis - give a poesibility to establish from
among the one or more possible operations or technological
processes, the one requiring the shortest time im the given
circumstances /1/. These are valuable aids not only in the

hands of those pr:paring norms and technologies but for the

designers, too.
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e
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tool, ny number of preces produced per year, o, number of
workpieces which can be produced during whole 1ife duration

of the tool.

In the above exprassion

R. ) ( R, *+ R )
L. i . i al.
up = m (1 + oo ! °d *m 1l + 09 s
R \ / K
. 1 k . = . )
L.j = {-—-—aJ AR D ), Ce (l Ol

where m is minute wages in monetary unit, Ri and Ra are the
periodic and proportional over-head costs in percent of the
working wage, Rm' HJ, Ht additional costs of the machine,
the jig, vhe tool /repalring, wmaintenunce etc., in parcent-
age of their prices; PJ price of 4 4 g} h’y hours of pro-

duction--time of machine annually| ap and a, amortisation

time of machine aud jig /year/.




Caloulation according to the above-meitioned expressions only
appears complicated at sight, However, for itg utilisation it
is necessary that the tactory bookkeeping <shiould establish
tha cost per minute seeording o 2acu wachine, and the ¢ and
Cy tactora 000l to Kiua i jed, attacoments snd tool and
degroe ot complictise. (he value of Hy aind n_ can oasily be
given bv the “rocraamans ffice. 1 should e noted that the
developiiay of e factory tovkkesys wr b wuct, A level 18 of

e onomi- uterast, withoat turs nervther the cconomical plant

maragen nt, o r the econami sl te hnmulogy can ba reclised,

The selection of the economical working process /and tool

machine/ is pusaible Ly the compaurison of cost of production
of several working methods. The points of intersection of the
parabola branches wiiich i1llastrate these [ fir.l., Jdetermine

the critica) nunber «f pieces - stze of series - at which one

or other process becomes economical,

The critical number »f picces determined by two processes /1/:

ST ) S

\ 2
Cferve ) Iy ) oo (o e
(cdl*"ml)"dl (¢qcCme ) ta *ny ParFael Tl T,

where the meaning of tho marks :sre identical as before.

If a roucher value 1s suiltable, the critical number of pieces

can also be calculated from the allocuted time:
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Thus in the case of a given serial size the method of work
to ke applied can be e¢stablished and this can be taken into

consideration at tiue desigkniag o the cumponnnt,

The economicul analysis ol the use v.' jips /1/5 1f vhe de-

siuner has tn decide while designing tue component as to
vhether to choose o sihvape which needs attacuments or jigs

or one which does not, the economy of the use of instrumenta-
tion or jJrgging is decrded, 1f the savine of cost of produc-
tion reached with it 15 groater tuan the gquota of its cost

filling to one workpliece, or tiat is

[ ]
g}
———
o+
Yond
}
c*
~
e
+
A\
L]
=
+
L ¢
B
e
*
A
ot
=
ot
i
&
=%
N
L
1A
o
*
nLr*
<<

where the markings are identical with the previous ones,
index 1 refer to values of operations without attachments or

jigs, index 2 to thoase with them,
If coasts per minute are unknown, it can be calculated roughly

thus:

t ., -t
m'(tdl — tdzﬁ + -E}.___i’.‘:'.)-(l + ) .Z (0’5 + 0.6)-

=
£

The economy of the use of a special to0l can be examined in

a similar way to the above, that is:

t -t d
LP(M> - (cd ¥ (:m) : (tdl - t‘“) %‘ ;%

or if the minute cost is uuknown, roughly with the following:




The use of tipified operation or preoduction plans. The collec-

tion of tipificd operation or production pluus prepared fer
the characteristic muchine components i. uselul for the de—
gigner, if he wishes to become ucjuuiunted witn the working
process of s component listed in the collection or of & §i-
milar one, in productiovn uor make ,sccurncy, renghness etc.
of diflerent charzcteors. These contrivere to the unification
of the techiiology of similar uvieces, the unificatisn of the

Jigs, attachments, {ixturss and tools, the reconcilement of

the conceplions formed by designer and technologist concern-
ing the product, and the technological training of designers.
The tipified operation and/or production plans beyond the
sequence and description of the operution, name the most
suitable mechine tools, indicate the technological uvasia and
dimensions, vive the mcthod tor clamping workpieces, the
tools, and give divectisne for the principle solution of the
jigs, fixtures etc. te be used, The tipiried operation or pro-
duction plans cun be found in the literature /1/, ,2/, /4/,
/5/s /8/ car ba completed with the tipified operation plans

collected in the factory or by national organisations.

Collection of examples for giving technologically correct

shape can be prepared for componeats produced i1n different

ways, casting, forging, pressing, welding, cutting etc./.
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from these the designers see the "correct'" aud the "incorrect®
solutions. The examples collected from the litevature /1/,
/27y /3y /57y Sy #87 ete./ can ba complemented to cor-
respound with local tasks, and to give wotive and expedient

short verbal explaunation to tna examples.

toints of view on gselection of Lasis. vn principle the dimen—

j10u0ing is technolovicaliy and serviceably correct, if the
seroctural and fechrnlcogival teses coingid:, or vthet is during
working the dimcasions are measared from the sume surface
startang from waich the Adesiygner ulse measured them /then
iltcre is no fault in chbo:ce ot basis/. Thnis principle should
#lso be [nllowed 1f on the adopr-ion of the construction
structural modifications are necessary. If on the other hand
the designer is not certain of the methud of working he should
without fall consult the operation or production designer. If
the technological basis cannot be determuned previously, the
desiguner should stick to the measurements ziven from the de—
signing base /from vhe point of view of its operation from
the most characieristic surfsce/ hecause only tuus naa a clear
picture be vbtained of the role and importance of certain di-

nensionsg «nd tolerances.

zencral regulations: a/ if the ccordinate dimensions are
riven on the drawing, the structurnl base /base of dimension
sunply/ should by all means be that, from which the dimensions
are measured at time of processing ,/measuring base/; b/ in
the case of chain dimcmsions, the structural /dimeasion

supplying,/ base should be the surface to which the position




of the surface to be jrocessed is most strictly tolerant:

¢/ the structural base should be the measuring have /un-
variable criteria of the buses/ in us many operations as
possible; d/ the puwmber of members of the dimensional chain
should be the Lwallest possinle /shiortest way principle/)

Y4 accuracy of position /parallelism, perpendicularity, etc./
during of specification the giructiral /Mimension supplyving/
base should be that v proportiov £o whkich '.e relative posgi-
tion with the speciiied tolevance wust be kept;, £/ at the
time of the supply of timensions stiention must also be paid
as to how the workpioce will be clamped on the tool machine:
the laying surface base should Le the more extensive surface
of the piece; g/ if there is not a suitable loying surface
bage, provision should be made for auxiliary bases and (or

the rigidity of the workpiece /)/, /./, /5/, /8/.

Taking intou consideration tne clamping of thue workpiece on

the tooling wachine and the faults iv selection of base,

It is kuown, that if *tne structursl and technologicul bases
do not coincide, then the dimensions actiney as collective
members in the structurgl dimensionzl chain prerent them—
selves in the technologicel dimensioral -<hain as resultant
/closure/ members and thus their scattering is grasater than
that of the specified tolerance. Owing to this at time of
designing position detcrmination of picce on the tooling ma-

chine must be considered and determined according to rules

of the dimensional chiains, how large the faults in the choice

of base are likely to he /the scattering ot base dimensions/.
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It must be inspected us to whether the component can be pro-
duced at all according to the applied dinensions or whether
the deriving faults still correspond to Llie oporating condi-
tions of the component . Dwing to the neglection ot the di-
mengional ciain cul ulations in wany cages the desiuners give
dimensiors on Lue Jdrawing which 1n cshemselveg cruse sheddies,
£o: the facilitation ol tae calcualuations such o coullection of
oxamj ies caa be prepared, 1 vhich for the clasegical casges
the nosition determining fuult is river for ihe cese of the
difterant lkinds ot clamping of ithe jpisce /lf. in these the
degiguer fiads that limensioanlng svystem, which correspords

to the practical clamping of the piece, or on tlie basis of
examples in the case of giveun dimensions can refer on the
drawing to the positional determination on tine baeis of which

the specified tolerance can be observed.

It is indispensable to analyse the tolerances and dimen-
sional chains of complicated, multi-dimensional components,
and thus the calculatlioa of faults in bause choice; in case
of necessity the cooperation of the operation or production

designer should be asked.

The coordination of the dimensional tolerance and the rough-

ness, tne accuracy to dimension and rougimess can e €Conomic—

ally ascertuined /1. Duriag the course ot realisstioa of the

techmologicolly corvect designing, mong other things, the

designer must reccive answers o three questions:

a/ astablishing the dimeunsional tolerance on the basis of the

operating conditions what is the largest possible rough-




g
:
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ness he should coordinate to it,

b establiciiur the roughness on the basis of the operating
p

crnditions what is the Jdimensional azcuracy /tolerance/

he should {ix|

o/ with what Kkind ol processing can lhe determined dimen-
sional accuracvy and roughness he realised on the surface
of giveiu shape and dimens.on, or wiiat dimension accuracy
and rourhuess can ve reciised at all with certain pro-

cossinge.

The designer rarcly or only sparsely finds referonces to these
questions in literature: in summarised form I heve tried to

give a solution to these in my book /1/.

Taking that according to Moll, safely, Rmax = 0,25 T and ac-—~

. . - 1,1 .
cording to Djacsenko hq = (0,18 R?

'max , as weil as on the that

in cutting R = kﬂl, expressing the relationship between the
(2%
D /mm/ diameter to be processed, 1T tolerance ruality and
Fig.2. Ra Apr/ uverage roughncss the diagram Ne.2. can be plotted.

From this can be concluded what is the largest roughness

with which the specified tolerance quality can be realisod
for a given diameter, and what is the largest tolerance
qual ity cutting processing wiih which it is possible to pro-

duce the speciried roughness on any diameter.

The tolerance quality and roughuess may be assured hy cer-

3
&
o
b
[+ 4
-

tain processing 1s given in Tables l., 2. and j. /on the

i b Sbhtcl v i
e
-
(&)
L ]
L]

basis of documentary and experimental data/.

If it is necessary to modify tihe documentations of licence

while adopting, then with the aid of the diagram and the
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tables the conjugated tolerance quality, roughness and pro-
cessing method to be ugsed in the receiving industry can be

determined.

The control of possibilities for tus adherence to tolerances

/1/. 1t such tolerances are to be realised, which are smaller
than the accuracy of the econowic processing /falling heyond
the strict bounds of the above-m~utioned tables/ tnen the
probability of the adherence of tiese must be controlied al-

ready at the time of designing.

The general expression ol resultant errors of cutting pro-

cegsing carried out in one clamping is given below

. . < 2 2 2
Sresultant ) 8! * 51‘“1 " CSmg * ke \Jév *due *On tdec

where é\r the regular errors ol the macline, tool and attach-

ment independent of loading, émfm errors of setting of ma-
chine, tool, attachment, é g subjeccive error made by
control with gauges, é v varying /forming/ errors independent
from loading /elustic and heat treatment Jdeformations, caused
turough waar of tool, or by stress,/, é ne ETrOrs of measur-—
ing instruments or me thods, (S ,, errors of base selecting,

d; error in clamping of workpiece, k errors depending on

factor of scatter /for cutting = 2/.

For strict tolerating work ,e.y. ter {ine turning, fine
grinding/ the values of certain members must be established
separately by calculating /e.g. deflection, wear of tool,
error of base selection etc.,/ by practical measuring /ma—

chine precision, attacument precision, error of instrument
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etc./ or from literary datau. In order to be able ‘o adhere to

the T tolerance it is nscessury tiat

L7 0 yasultunt

The_estuablishment of tue messarewent of blauk or villets.

The dimensions of bl.nk or billets, castiungs, forged pleces
etc. #re frejquently diiferent i1a ihe home proluction than in
the licence documentationt then tliev can only be established
by the correct calculation of allocationsy the allocaticns
on the other hund can he calculated un tie basis of the

errors occuring during the courseof processing.

The allocation of any operation:

il

. = . 2 2 2
z'op '\}'SL +k \"}pgz M '\9"pd M (Sb M 50

2

where'\asl is thie defective surface layer deriving from pre-
vious operatioun, q&bd and ’L%Pg are the dimension and geo-
metrical tolerance of previcus operution, 3 b and ¢SC are

base choice and clamping error of operation uext in turn.

The expression of complete allocation to be assured on un-

worked piece is /1/:

. 2 2 2 2 |
‘z =k, ¥l \pug *ud *Sabw tdne T E (“tabl *dip

=2

where: iy index represents the unworked /rolled bars, forged
pieces, castings, blankse, billets - without any working oype-
ration/ piece, n index rougbing, i iudex alter roughing pro-

cess; Z the values civen in table form in literature on
tabl »

. / / ’ 7 -
allocation /1,7, /4, 5/,

7R/, The defective surfuce layer

/

*Jia
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of the q)'uw unworked pieces can be found as literary data
VAV ATA ’x%us and W}Ld are the stundord values of the shape
and dimension tolerance of the unwcrked piece, the é‘b can be
counted as base selection errors, A.c can be estimated.

The dimensions of tue unworked piece can be obtained if the
allocations /tuking into counsideration the direction of the
processing/ are added to the dimeisions of the finished com-
ponent. The sirrinkage ol castings and forged pieces must be

taken into account.

5. The selection of the method of assembling a..d the solution

of assembl ing dimensional chain at the time of the adapta-

tien of the construction

The dimensionual chuin solution means such a practical
establishment o{ the tolerance /fitting/ of the dimensions
that the assewbling is carried out in one of the following
ways, that is the parts asre:

J

a/ either without hindraunce /with completely changeability/,

b/ or with a definite probability /with a risk, limited or
conditional chungeability/,

¢/ or by careful selection /selecting assembly with partial
changeability/,

4/ or it cau be ussembled /by dimemsion corrections — with

use of titting elements/ on n previouslv marked out site.
The application of the four or five kinds of dimensional

¢orain solutions is leteraned by priwmarily the mass character

of production imt chiefly the teclinical level of the parts

rtoduction, too. o the mass production of developed industry
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it is the complete cnangeakility <hici: has prevailed and is
the most econowmicsl tno, or in the casc of products consist—
ing of & few purts se.g. ball=beuring proauction, tue select—

ing asscmbline.

The lo.er level parts .rodauctioun, which i1s however, the con-
commitant of croduction in smell series, eunhles i assembl-
iug method on 2 lower dewel, Uias tne couplete choweability
and the selecting asscuirling s s.psticuted wy the limated

chaongeability and the adjusting ane setting wethods

At the time of tue adaptation uf tae construiction, if one
has to switch from one method of asscmeling to asnother, the
dimensional cuaain wmust be sclved in a2 deviating method. This
is made necessary possibly by tne differecut build-up of the
weasurement network, but in any case by the cannge and re-
calculation of tue joinings Jtolerances/ . The designer and
technologist, in pussession of the knowledge of the theory
and the solving methods of tue dimensional /and tolerance/

¢chains, can solve *ho taske.

Here a few remarks must be made in connection with the
solution of dimensional chains, oltiough professional

literature gives the nececssary datae.

Relinquishing complete changeability tiie tolerances can be
enlarged and the component production becomes cheaper, and
can be realised with simpler implements /machines, tools,
measuring iustruments,/, hut however, risks must be account-
ed for, perhaps certiin pairs caunnot be assembled, or per-
haps at time of assembling measuring or post-sdjusting

operations nra@ necessary. 1t can always be deci1ded on the
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hase of examination of the economical calculations and the
local possibilitios when and woere to wpnly the completa
chanzeability 1n the adapted constructiou, und where other

dimensionsl cauln or assembling wethous,

Compiete cnaugeability, althougli enavling quick and certain

assembling, owing to the aarrow iLolerances - and thus the
costly production of components - is only ecouomic in the
case ol large serial production, or of dimensional chaing
consisting ol only a few bigh accuracy members, or of low

accuracy multi—mewb«=r vaes.

Limited chahgeability vuilt on probable dimeasions 1s already

sultable for the solution of the dimensional chain congigt—
ing ol severul meamvecrs, because with relatively little risk
of shoddy /e.g. 0,3 ./ there is . possibility of signific—
antly widening e production tolerance of the component
/perliaps twice as much/, and thus for such - chieapening ol
the component production whicti will cover many times the

previously cuslculoved shoddy.

The wethod of selecting ussembli.ug is very suitable for the

solution of dimensionual chains consisting of a few /€l
3-4/ mewbers, if the permissivle errors /tolerance/ of the
closure can onlv he swall, It 3 rarely applicable il the
conaecrting diwe 1sional cucins have sceveral cowmon meabzrs,
As the tolerunces ol the cowponeatls can he Lncreased

several tiwes, tiie roduction of ports is very cheap and

therefore the selection is renuwcrative. It 1s expedient,




however, i1 itue fselectiny wmuthod Lo prepare i.aw clamping and

Clamped dip stoa=s for ddentical folerance ualaty,

Method 01 pos-'=iittinyg 1= suxtable caivi’ly (0 the small

seriul production. it odvantaze (8 That vae palts can be
produced o« teqply cnd the precrsion ol tne drmerstonal chain
can be tinslly Cscertainad, tous diits wadelv covers the dis—
advantage that e sgquaiising ‘clos.re, wmen.er ltas 1o be
Fitted v tne ssomiiooe-work zaop on cne =1te, by jost—
WOLTKaNge Thiw wanllsing tiewer, owever, st e carefully
selected: it should be shle to be titted lust into tue di-
mensioual chain /Lae assembliug casin/, 11 shnuld not be a

counccting member to arorner dimensional chaine

The setting ‘compensotional, wmethod/ 1s identical to the post—

fittine wetnod, out Loc equadsine wewber can be set, compiled
trem parts, Tals 16 needs no rewmiachinineg on the site. The
nevlection ¢! ¢ lasti—wmentioned wethod is aan almost incom—
preiiensivle phenomeng wiiereas i ddeveloping indastry 1t is

tiae wost surtable 1n the lurgest area,

6. The wuflueuce of the specialisation and concentration

of production at thie time of adaptation on the tech-

nical level (o e reulised

The increase of the noess charucter, or serial size is one of
the most sicniircant Leciors, thut the hiithest possible level
of techuique be adupted {rom tne document ohtuined 1y licence
at the time of adaptation. However, the small ind medium

seri.:l production 1s c.aracteristic of tihe industry of the




developin . countries, oand larze serial and mass production
il rarely occurs Taowe relative inciease of tlie mass, how-
ey Lo oo reachie dy 0 above Uctory level - e,p. nationegl,
CorcZrogdd - ospearalesction end concentroation is realised

toprdustry,

Cae cpecialised corcentration on ihe techaolorical basis of
gredactioa vt e veadisation o crouped proceszing - owing
oo influence on masds 1ucrease - caables (ue annlication
o1 technolo:icel nrocesses in large serisl production in the
com . onent prodaction, but perhaps afso in Lie assembling,
even then, too, 1f tue products must be monufactured in a

relatively snall series,

surtuer details on tnese possinilities are contained in the

study compiled Ly Lo SuLiNT: "Compluxity, snecialisation and

woncentration of tue wnuineering Technologyv',
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