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(8 THE PROMOTICN CF DLGIGH FACILITIES IV INDUSTRIALLY
DEVELOPING COUNTRIEC

By
or. Galal S.A. Shawki*
B. Bng., Ph. 0., A.M.1., Mech. E.

This paper is concerned with outlining ways and means of develop-
ing design facilities, the awareness of the paramount importance of
design work and of its significant influence on n,at}onal economy being
first emphasized. '

Design facilities are regarded as comprising the availability of
competent staff, production equipment, testing apparatus and technical
documentation. Methods of preparing designers through tuition and
training are discussed, and the importance of disseminating design
information and d~ta is pointed out.

For industrially developing countries, the current accute shortage
of design facilities imposes an additional objective, namely that of
the most efficient use of available facilities.

® ° Agsociate Professor, Faculty of IEngineering, Cairo University,
Consultant to the Ceneral Organization for Industrialization,
Cairo, UAR.
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I'TRODUCTIN

In an industrial country, various industries would have passed,

during their natural path of development, through several stages, viz,:

(i) Copying and adaptation,
(ii) Improvement, modification and development,

(ii1) Creation and invention.

Transfer from one stage to the next mainly depends on the rate
and extent of accumulsting knowledge and experiences in the partiocular "
industry. The natural development of industry would evidently extend
over a relatively long period of time,

Developing oountriees who intend, however, to get industrialisedv
within fairly olose limits of time, would strive at increasing the
rate of industrial development by the following means:

(a) Higher oapital investment in industrial projeots,
' (b) Inoreased rate of technical education and training,
(¢) Development of potential nreative abilities in the industrial
field.

The first two means are quite well understood, while the vital
importance of the third item is not as yet fully aprreciated, in
epite of the fact that the design funotion forms the hub of all
engineering activity, without which no genuine development could be
achieved., It is this aspect of problems facing industrially develop~
ing countries which is dealt with in this paper,

It may not be toc iiff-cult to erect and run extensive industrial
concerns, but it is rot a; all easy to effect real improvements and
developrents in materials, prooesses, equipment and products without
advanceu expert knowledge and creative ability in the field cuncerned,
The continued and tedious search for furnishing better, though cheaper,
industrial products evolves from the keen competition between industrial

concerns who, in some cases, fight all the way for their very existenoe.
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Advanced technical knowledge now forme effective meane for exerting
eoonomic as well ae political preesure, hence the abeolute need for

the rapid and intengive development of national rescurces of creative
a‘anitin, ehould a dwoloping country endeavour to seoure its
'_induotrinl utatua and national Jncome.

') PRR . - . . CONTEMPORARY INTEREST IN DESICN WORK .

. It 1- qot Jun a ooinoidcnco that yronomcod uurnt in and
inmuod aurcnou of the hpormoo o’ duicn has mulu: bou
B _diophyod by the froquent holdiu of rolomt oonferences® md mu,
" and the publication of specialised romn, -Muc and papers on
design (e.g. 1 - 27 5‘"’ This contemporary interest is quite rightly
" ‘Justiffied i a upiaiy dcnlopiu and keenly oonpcuun world, in
S whioh—design 1s playing u most signifioant role 'in the ddttle for
Y- -fndustrisl ‘survival ‘aid ‘ébadoed productivity. The growing swareness ’
* "4 of the importance of good engineering design and its impaot, through |
Co praduction and relevant sales, on the national income has led industrially
N ' ' devéloped ‘cowtitries to pay careful attention to potential creative
faculties and to vu'yu and means of developing these faculties through
wiiversity tuition and industrisl training.

Sound designs, innovations and the developaent of more effiolemt
production teckniques and engineering materiale should de the aia of
serious intentions for industrislisation. Possession and careful

weigs Pirst Cinfereice on “Mgineering Design Mﬁu" held at Case
mi"u"iv, 8th. - 9th. Septemder 19& i

Conference on "Design Iothod-" held at Iaperial 0011030, london, 20th.
- ~Beptember 1962,

Conferince tn “The Practice of, ard Bducation for, Engineering Design®,
held. at the Inetisuiion of Nechanical Engineere, lLondon 16th, = 17th.
October 1963.

*Conferdnce ot "Teaching of Engineering Design®, Sscardorough, 1964.

& Conference on "Organisation for Design”™, to bde held dy the Institution
of Mechanical Engineers, London, om 15th. and 16th. Pedruary 1966.

*#%3¢0 references at end of paper.
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handling of advanced technical information have Proven to be quite g
decisive factor in the stability of the industrial set-up. -Scientifio
and engineering achievements, succegsfully applied in the industrial
fleld, shall remain for a long time the basio criterion for survival.

In the light of these contemporary trends of rapid technological
Progress, and over increasing rate of world competition, industrially
developing countries are to be strongly recommended, at all stages of
development, not {0 overlook the importance of design work, at least ‘ j
in as far as it provides safeguard against technijcal isolation and
economical pressure, The establishment of industrial conoerns ghould
by all means be aocompanied by serious and intensgive stﬁdiu of
relevant tecinigues, equipment and products as 8 pre=requigite for
current and future independent sreative work, '

The well known "Feilden Committes Ryport" (2, 3y 4) spared no
effort in empbasising the paramount importance of engineering design
&8 it affeots products' performance, reliability, sppearance, delivery
and price. To quote but a few of Feilden's words (3) are the following:
[ "Every industry is dependent upon engineering for capital plant ‘

and equipment; the gquality of engineering design is, therefore,
‘& major factor in costs and productivity.

Where the importance of design 1s appreciated and the design team

is adequately staffed and given its propexr status, British products

are outstanding”.

Frinoipal oonclusions and recommendations cf the committes (2)
include:

(a) . Bupbasis of vital importance of design in engineering and
consequently in the nationsl economy.

(v) Urgent need for more able people to train as professional
engineers, especially as designers; enocouragement of more
. talented engineers to make their careers in design.

(o) Need for inorease of the prestige of design and the status
ol designers.
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(d) Establishment of institutes for advanced studies in particular
fields of design in cloge association with industry; establish-

ment of a higher degrez in engineering design.

(e) Encouragemeni of gcod docign practice and of the preparation

of degign mranuacls.

It should L ovident from these statements to what extent a well
developed indﬁsfrial nation is deeply aware of the signifioant role
'} ,’ played by design and its impavt on national economy. It must e,
hersin, pointed out that thesc sympioms should not be looked upon as
being mainly oonfined to developed oountiries, as all nations marching
along the hard ani long route of' industrialization shall, sooner or
later be faoed with the inadequaoy of design faoilities, in ocase no
provision to avoid such situation he taken in the industrial plan.

e NATURE AND LIMITATIONS OF DESIGN

As exvressed in a reoent raport (4), design may be regarded as
"the highest man:festiatiion of the art and soienoe of meohanioal

b engineering". How truc and precise is this statemer-.

5 The term 'dosign' may be used %o denote sreat. /e planning or
development work set out to meet spe:silic requirements, making hest
use of materials and processes known %0 mankind. Good designs should
aim at minimum sizo, uess and oost, also maximum efficienoy and

endurance, and bezt appea.rancc.

In his approaoh to the problem, the designer would try tvo formulate %
as many sélutions as possible, which would mewut the stipulated require- s
ments. He would then analyse tacse solutions in the light of his
knowledge of relevant engineering subjeots in an attempt to reach the :
most acceptable and promicing solution. -

A particular feature pertaining to design work ie that no abdbsolute

oriterion of suocoess or perfeciicn does exist. The designer would, in

general, be faced with scveral ¢1iteria which most often oonflioct with
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each other. Under such circumstances, the designer would have to seek
some compromise, guided by his analysis, talent and professional
experience. This type of work would, no doubt, call for men with
creative abilities, who should be given proper tuition and training

before they can be permitted to practice 'Design Engineering'.

Any industrial set-up should take ali necessary measures as to
develop its potential creative faculties and promote material aspects
of design facilities, should stability, progress and increased
px-oduotivity be sought., ‘)

DESION FACILITIES

By design facilities is meant intelleotual and material resouroces
made available for oarrying out design work.

Intellectual facilities cunstitute competent designers who have
acquired sufficient technioal knowledge and experience, in oonjunétion
with inherent abilities, so as to be able tc tackle design problems
assigned to them. A good designer is expected to possess the following
capabilities: ')

(a) Basic theoretioal background in engineering,

(b) Professicnal experience in actual engineering conoerns,

(o) Training in design work in competent development and
research departments;

(d) Technical imagination and creative ability.

The fact that many industrial oountries suffer from lack of
designers has been disoussed in reoent publications (e.g. 2, 4 and 7).
Great emphasis has been placed on tue enoouragement cf graduates with
high intellectual oapacity to take up design engineering as a career.
Preparation of designers through university tuition, advanoced gtudies

and training in industry has also received careful attention (8 - 26).
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On the material side ¢f design facilities are the availability
of produotion equipment and testmg appa.ratus. In industrlally
deteloped oou.ntries, it ‘would be feaslble to expect many oonoerns.

R Y possess thelr mm fecilitles. ‘This would ve Justlfied in a.n _
eavenoed stage of deveIopment in a country living mainly on ite export

ot in&uetrial produote.' Und.er such oiroumetanoee the rule in the
bettIe of produot%v:’lty.would ‘oe 'produoe or perieh' It would. be

euperffuoue, in thig papor, to emphasize the signifioent ro]e of
) ) dedign-in’ pro&udti‘vii‘ia T DAL T

. g
- ~
anfrintivi

..‘ i

Tn induetrially developing oountriee, howevor, limitetionl An,
mtolleotual a.nd metenel reeouroee oell fo:: pluming oohemep for

the ‘oe-t utiliution of evoila‘ole feoil 1tiee. , Deeign work m thvo
be oonduoted m oloee oo-operation”with :lnduetrial oonoo.ma, rn.goroh
orgm:utions md univereity leboretoriee, _un 11 the oxtont of work
booomu 80 "oxteri:ﬂve end promieing as to :juatify hqving indoplndmt

feoilitieo. ) o ) . , e
R Y T RN S SERPEYS S G TR SRS -0 LSNP IR RIS O S S

b TEANR-S P R NS LU SRS AT VPP OIS T EPRP AR &
i nt1 my ntogo of‘ development, the importmoe of deeun work by lepiu
) . ney Mduetrio'e‘ to' molude developnont dopertuente, with rouoneble
T o p;'oduoti;:n, teeting en& ieeearoh fooilitiee. :_ a e
Liicd ATLOR M C S AU RGENT SN AL

ndt e B8t Bat no%. least of naterial aspeate of. doeiar facildties . axe
x thm PrapsTation,. decupentation: and: disssmination, of. W:-mtmtim
. llpd“dotpr This xould,be,achigved through  the. co-oparation oS . .
professional ingtitutiops, vadveraities and industry, -~ & s

L@nizs e nds, gualified: nanpower: is, An.my: opinien, the keystone. of design
facilities, problems facing the preparation of competent desighsrs:

5 are, f?q’mder, dieouued in detul. 'I'ho edditionel problom!, facing
.t J ', q l _b e $g
‘ mooetrislly dwelcping OOuntrioo 1n pertiouler, i.e. thet of the nost

" ofr'ioimt use, of profouionel ongineere and in pertiouler of designess)

is el;o outlinod with reoommendatione as to some pleusible eolutione.

ERT S RIS AP ECRICIEE BTN PRI TN SN ok SV ZEL R GRS TN

N 2 .- } I S

LNy

wa e i PR . T s P
AN LR 1 . ot NN " Ly
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TBACHING OF DESIGN

This aspect of design facilities has been, in recent years, the
subject of numerous discussions, reports and papers (8, 9, 11, 12, 14
16-19, 21, 22, 24-26), relevant methods, experiments and trends deing
examined at great length. It is not intendé¢ in taic paper to discuss
the problem of the theéretioal training of &esigners in detail, but
rather to give a brief evaluation of present stéte of affairs.

Owing t.o intensive concentration on bagic sciences during she ‘s)
lagt two decades, time sllocated to design teaching in many universities
wag seriously affected, This unfortunate deviation in mcinurtu‘
education is responsible for the present shortage of designers as
suffered by almost all oountries whether mdustrmly developed or
othervise. This phenomenon, together with the conuino understanding
and reocognition of the importance of deoign,' 'By' men of learning,
scedenio’ and industridl bodiea'-oom to be the direct cause for what
we may call contemporary "Rupprdiul of m;moorinc Duicn"

By virtue of their nature, engineering dolign problems do not.
in general, have amgle definite solutions. The number of uninowns, K .
in the design problem, usually exceeds the number of equatsions, hmo‘ ,J
the need for making plausible assumptions, and carrying out more shan
wne trial before a reasonable solution could be resched. Moreover, the
- dasigners may, generally, be confronted with a number of possible and
feasible solutions among whioh he will have to seek theo aolt suitadle
angwer in the light of his judgement and experience.

W may be broadly: classified in two main ostqwiﬂ,
namely: '

" (a) Traditional AD proach: This is based, to a -ubsun_t;li extent)
on previous experience, empiriocal formulae and trade oodes,
Such approach had been in common use a few decades ago.

(b) Rational Approach: This is founded on the application of
scientific information and technical data, through analysis
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and synthesis to the development of solutions which are then
evaluateu before relevant decision be taken as to the most

suitable solution to the problem under .conaideration.

This latter approach evolved i'rcm the ra;id scientific and technc-~
logical _progress, also from contemporary scientitic attitude and call
for most efficient utilization of engineering materials and other

resources. It represents the modern trend in design engineering.

The analysis of the methodology of deemign has shown that education
of engineers differs from that of scientists in that design forms the
hub of engineering activities; consequently the educational set-up
shall have to be directed to this fundamental objective,

Standard methodl of teaching design have so far been virtually
methods dealing with "Case Studies”" of somewhat orthodox nature, for
which relevant literature is available, and the extent of originality
is limited to some extension of existing knowledge. Uf these standard
methods two types can be identified, viz.:

(a) Design studies of complete projects, with work carried out
in great detail. This method (as mainly adopted om the

s ontinent) has been founu quite effective in teaching design
of rather well known components and units.

('b) Design studies Of few elements with emphasis mainly placed
on theoretical and analytical work. This method would hardly
serve the purpose of design teaching, as analytical work i

"'would have already been tackled in respective fields.

"Cage-Study” methods of teaching would, by no means, be oconsidered
adequate, owing to the fact that they really constitute, in the main,
copying work with no or at best iittle creative contributions.

Case studies would, however, be most suitable and essential in the
capacity of a firat stage course in design. Preparation of designers

should, however, go far beyond these studies.




decent tren.s i design methudg show that two further stages

shouli be incorporate. in the teaching jrocramre, these are:

(1) Case Historieg: in which tLe evolution and development of
existing engsinecering desigrn solutions are studied in detail,
@.co the evolutior of yearing, transmission systems, machine

tools etc,, alternative desisms bein, thoroughly examined.

These would be a necessary requisite before the final stage

which follows could be undertaken.

(3i) Creative projects. in which work calling for technical
imaginaticn and inventive ability should be attempted. These

studies should, by all means, be carried out in clese
association with industry whenever possible,

Thie would lead us eventually to the importance of training
designers in industry in line with tneir basic training in acedesic
institutions.

THAINING I INDUSTRY

The oonception of trainins designers in tndustry is quite a
serious one. Such training, whick should dridge design and production
engineerin; aspects, must never te overloockei il preparation of
competent desi mers is sought. .esigners should not only be given
access to research and .evelopment departments in leading industrial
concerns, but as pointed out tefore, closer co=opesation between
aocadexmic institutions and industry should be dealt at an earlier
stage by underiraauate as well as by postgraduate stuients, w
the organization of corporate yrojects carried out in collaboration
with and to the benefit of industry.

{he nee. lor iorming large teams of Jdesign engineers has been
expresse. on several cccasions, the idea bein, already put in actual
practice several years ayo. Tralnecs would jreferably be allowed to

Join a desi . team, an. stouldi te giver some Jlegree of responsibility

"

¢
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that would be increased in liaison with abllities displayed in the

oouree of work.

Without adequate training in industry, designers nay not be
expected, in general, to furnish the most suitable and practical
deeigns, vithin time limits set for the job. This may, in some oases,

entail eeriour financial loss.

DESION DATA

Cne of the principal retommendations proposed for the promotion
of eluia facilities is the preparation, documentation and d4ssenina-
tion’ of design data (2, 27). Neasures should be taken by professionsl,
academic and reeearch institutions to set up joint committees for the
preparation of authoritative design data sheets and manuals, necessary
funds being allocated for the purpose. Publication of such dats would
naturally de of invaluable assistance to deeigners.

Noreover, ehould some system of documentation of past designs bde
arranged in such a manner as %o facilitate identification and looation
of such designe, much time and effort could be saved on the part of
designere vho would then comcentrate on nevw designs only. If techniocal
information appearing in engineering and ecience journals and
periodioale could also be made available and be properly classified, -
effective use of technical literature would be made possible for
teans of designers.

All these measures would, no doubt, greatly contridbute to the
enhanceaent of design facilities in an industrial commumity.

EFFICINIT USE OF DESIGNERS

A special problem facing industrially developing countries is the
relatively limited number of professional nen available. Such deficiency,
vhich may be reduced or even eliminated over the years, through suitable
education and training, should find an immediate and ready solution

R
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through the proper use of scientific, technological and technical

manpower .

As far as design facilities are concerned, men of experience in
industry should take, besides their original duties, active part in
schemes set up for the preparation of engineering designers, through

some part~time arrangement.

Professional engineers in industrially developing countries should,
by all means, be relieved from non-téechnical duties which ocould other- ')
wigse be carried out by non-engineers. Existing abilities should bde
developed to the fullest extent and plans for improving the quality
and quarftity of design mginoeri should come into immediate effect.

SUMMARY AND CONCLUSION

In this work the phenomenon of contemporary reappraisal of design
engineering is pointed out and relevant means of harnessing and
promoting design facilitiea are investigated.

The nature and limitations of engineering design are discuased
and methods of its teaching are examined. It is herein estabdlished 0
that the rational approach to design problems should be followed, and
that an effective scheme for the preparation of designers should be
based on a three stage programme, Viz. case studies and case histories
culminating in creative work.

The importance of training designers in industry is eamphagised,
and close co-operation between industry and academic institutions is
advocated. Design studies should include projects cacried ocut in
collaboration with and to the benefit of industry.

A substantial contribution to design facilities may also be
eoffected through the preparation, documentation and dissemination of
design data and relevant technical information.
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Industrially developing countries are recommended to make most
officient use of their rather limited resources of professional
engineers and of material facilities, with a view to overcoming ourrent
shortage therein. ambitious industrial plans should incorporate suit-
able schemes for the preparation of engineering designers, who would
no doubt be the key figures responsible for genuine technological
progress in the highly compatitive world of today.
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