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(N TEE PROMOTION OF DESIGN FACILITIES IN INDUSTRIALLY
DEVELOPING COUNTRIES

e B
| Dr. Galal S.A. Shawki*
B. Eng., Ph. D., A.M,I, Mech, E.

This paper is concerned with outlining ways and means of develop-
ing design fagilities, the awareness of the paramount importance of
degign work and.of its significant influence on national eéonémy being

first emphasized.

Degign facilities are regarded as comprising the availability of .
competent staff, production equipment, testing apparatus and technical
documentation. - Methods of prepaping_Qesignefs through'tuition_énd
training are discussed, and the _im}porfa.hce of disseminating design

information and data is pointed out.

For industrially developing countries, the current accute shor tége
of design: facilities imposes an additional objective, namely that of

the most efficient use of available facilities.

*  Associate Professof,'Facuity of Engineering, Cairo University, .
Consultant to the General Organigation for Industrialization,
Cairo, UAR. o
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- INTRODUCTIGN

In an industrial country, varlous 1ndustrles would have passed,

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

¢

(i) Copying and adaptatlon,-
(ii) Improvement, modification and development,

(iii):-Creation-and inventions

- Pransfer from-ofie ‘stage "o "the next malnly depends on the rate
-and extent of accumulatlag kncwledge and experlences 1n the part;cular
industry. The natural development of industry would ev1dently extend

over a. -relatively long period.of. time., - .-

: Developing countries Hho* 1ntend, however, to get 1ndustr1a11zed
within fairly ¢ldse limite” of tlme, Would strlve at 1ncrea51ng the

rate of industrial’ development by ﬁhe followlng means

(a) Higher capital lnvestment in industrial progects,
-;“V(hﬂ' Tnoreaséd rate of technlcal educatlon and tralnlng, .
(¢) * Development of" potentlal creetlve abllltles in the 1ndustrlal
field. Dt ‘

The first two means are quite well understood, while the vital
importance of the third item is not as yet fully appreciated, in
spite of the fact that the design function forms the hub of all
engineering activity, without which nc 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 too difficult to erect and run extensive indusirial
concerns, but it is not at all easy to effect real improvements and
developments in materials, processes, equipment and products withou® -
advanced expert knowledge and creatlve ability in- the field: concerned. >
The contznued and tedious search for: furnlehlng better, though eheaper,
industrial products evolveg from the keen competition between 1ndustr1al

concerns who, in some casges, fight all the way for their very existence.
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...... “itAdvanced. technical knowledge now forms effective means’ for exerting
.- economi¢ asiwell as political pressure, hefi¢é $he absolute need for
.. the rapid and intensive developmerit of natioiidl resources of -creative
.8hilities, should.s developing counfry endeavour to secure its
indystrisl spatus.and national inoome.

jCONTEMPORARYTINTERESE'IN*DESIGH WORK

e It is not Just a. 001ncldence that pronounced interest i, and

khihereased awareness of the 1mportance of de31gn has recently been
dlsplayed by the frequent holdlng of relevant conferencea* an@ gymposia,
and the p&bllOathn of speclal;zed reports, studles and papers, on .
design (e.g. 1 - 27)**- This contemporary interest is quite rightly
Justlfled in & rapldly developlng and keenly competltlve world, ;n
:Whlch des1gn ig’ playlng 2 mos&t 31gn1fxcant role in the battle for
:1ndustr1a1 surv1val and enhanoéd productzvzty. The growzng aﬁareness

o of the 1mportance of good englneerlng deslgn and 1ts 1mpaot, through

: productlon and relevant-sales, ‘on “the national 1ncome has led industrialdy
' developed countrles to pay oareful attentlon to potentlal creat;ve

facultles and o ways and means of developlng these facultles through

o

”“junlver31ty tultlon and 1ndustr1a1 tralning.

Sound designs, innovations and the deveiopﬁenflof:morétefficient
{production technigues. and engineering materials ghould be the aim of
serious intentions for industrialization. Possgession and carefdl’

“#g.g.  Pirat Conference on “Enginserilg Deglgn Eﬁucation“, held at Case

University, 8th. - .9th. September 1960.

Conference on "D951gn Methods", held at Impar1a1 College, London, 28th.
~“September 1962.

“Conferénde oni Mhé Practicé “of, and Hducation ‘for, Ingineering Design",
bheld.at the Institutieon of Mechanical Engineers, London 16tk., = 17th,
October 1963.

" Gonfeérénce ‘on “ieaching of “Bngineering Desiénﬁ,”ééarﬁéfough{ 1964.

& Conference on "Organization for Design", 'to be held by the Imstitution
of Mechanical Engineers, London, on 15th. and 16th. February 1966.

**3Jee references at end of paper.
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handling of advanced technical information have proven to be quite a

decisive factor in. the stability .of the industrial.set-up.. Scientific

and engineering achievements,.sugcessfully applied in the industrial

field, shall remain for .a long time.the basic criterion for. survival.
In the'light of thesé coHteporary trends of rapid téchnological
progress, and ever increasing Faté:of world competition, “industrially
developing countries are to be strongly reccommended, at all stages of
development, not to overlook:the importance of-design work, at least
in as far as it provides safeguard against technical isoclation and
economical pressure, - The ‘eéstablishment of industriasl congerns should
bfﬁailldééhévbe’accompanie&'by‘séiibuéiaﬁiﬁintenaivé’studies'of

Pelevarnt tédmiques, equipment and prodicts as a Pre-requlslte for

currént and future 1ndepandent ‘oréative’ work.

St
-

_ The well known "Fellden Commlttee Report" (2, 3, 4) spared no
effort 1n empha3121ng the paramount 1mportance of englneerzng des;gn

as it affects products' performance, rellablllty, appearance. dellvery

“and’ prlce.' To quote but a few of Fe;lden S words (3) are the followlng.

rrrrrr

Lyt "Eveny 1ndustry -is. dependent upon englneerlng for capital plant
- and equlpment the quality of engineering deslgn 1s, therefore,
ovil g major- faétar in dosts Tdnd ‘productivityd S '

” Where the 1mportance of de31gn ls appr901ated and the d351gn team
is adeguately staffed- and” glven Hfg - proper status, Britigh- products
_are outstandlng".

._, :A‘ ! .‘.7."j B DA

Pr1n01pal nqnclu51ons and recommendatlons.of the oomm:ttee (2)

1nclude

(a) TEmphas:Ls of vital 1mportance of design in englnééring“an&'

consequently in the nat;qngl economy.s -

(v) Urgent need Fér more ableé people to" traln aC profes:ional
ﬂrenglneers, espec1ally as de51gners, encoqragement of more

. _ ., talented. eﬁglneers ‘o make their caTeers -in des;gn

h?wn.(q)r Need for 1ncrease of the prestige of deslgn and the status

‘ylof de51gners. e
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(4) Establishment of institutes for advanced studies in particular
fields of design in cloge association with industry; establish-

ment of" a hlgher degree in englneerlng d931gn.

(e) Encouragement of good d351gn practlce and of the preparation

of design manuals.

It should be ev1dent from these statements to what extent a well
.deveIOPed 1ndustr1a1 natlon ig deeply aware of the 51gn1flcant role.
played by de51gn and 1ts impact on national economy. It must be,-
herein, pointed out that these symptoms should noi be looked upon as
being mainly confined fo developed countries, as all rnationg marching
along the hard and long routé:of industrialigzation shall, sooner or
later be faced with the 1nadequacy of design facilities, in case no

”prov151on to avoid such SLtuatlon be-taken in the. industrial plan.. -

- NATURE AND LIMITATIONS OF DESIGN

--As expressed in a recent report (4), design may be regarded as
"the highegt manifestation of the art and science of mechanical

engineering”. How true and precise is this statement.

The term 'design' may be used toc denote creative planning or
development work get out to meet specific requirements, making best
use of materials and processes known to mankind. Good designs ‘should
aim at minimum size, mass and cost, alsc maximum efficiency and

endurance, and begt appearance.

In his approach to the problem, the desigher would itry to formulate
as many solutions as possible, which would meet the stipulated require-
ments.  He would then analyse these solutions in the light of his
knowledge of relevant engineering subjects in an attempt’ to reach the
most aoceptable and promising: solution.

A particular feature pertaining to design'ﬁbrk is that mo absolute
criterion of success or perfection doeg exist. The designer would, in

general, be faced with several criteria which most often conflict with
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each other. Under such circumstances, the designer would have %0 seek
gdme—ﬁoﬁpromise, guided by his analysis, talent andrbrbféséiCnal

-—éxperience. This type of work would, no doubt,:ﬁail for meﬁ 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 all necesséry measures as to
develop its potential creative faculties and promote material aspects
of degign facilities, should stability, progress and increased

productivity be sought.

DESICK FACILITIES

By design facilities is meant intellectual and material resources

made available for carrying out design work. '

Intellectual facilities constitute competent designers who have
acquired sufficient technical knowleédge and experience, in conjunsdtion
with inherent abilities, s0 as to be able to tackle design problems
assigned to them. A good designer is expected to possess the following

capabilities:

(a) Basic theoretical background in engineering,

{b) Professional experience in actual engineering concerns,

{¢) Training in design work in competent development and
regearch departments;

(d) Technical imagination and creative ability.

The fact that many industrial countries suffer from lack of
designers has been discussed in recent publications (e.g.:2, 4 and 7).
(reat emphasis has been placed on the encouragement of graduates with
high intellectual capacity to take up design engineering as a career..
Preparation of designers through university tuition, advanced stgdies_

and training in industry has also received careful attention (8 - 26),
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On the material sidé 'of design facilities are the availability

of productlon equlpment and testlng apparatus. In industrially

r o Reps e

developed oountrles, it Would ‘be feasible to, expect many concerns

“. to poeeess thelr own facllltles. This would be Justified 1n an,

advanced stage of development in a country living mainly on lts export

o I

“of Industrlal products., Under such 01rcumetances the rule in the

battle of product1v1ty would be produoe or. perlsh' -1t would be
superfluous, in this paper, to empha31ze the elgnlflcant role of

design in productivity.’
7 e ‘ : y
I 1ndustr1ally developlng countrles, however, llmltatlone in

1ntelleotua1 ‘and material reeourcee call for planning schemes for
the best utlllzatlon of available fao;litles. Design. work may thus
be ‘conducted in close oo—operatlon w1th industrlal ooneerns, research

N

: organlzatlons and unlvereity laboratorlee, until the extent of work

becomes 80 extenslve and promlslng ag to Juetlfy having independent
fecllltzee.

Industrlally developxng countrles are recommended not to overlook,

at aiiy stage of development, the 1mportanoe of deslgn work by plannlng

‘ new inddsﬁrles to 1nolude development departments, with reaeonable

o

" produotlon, test1ng and research faoxlltles._

‘_,.. A T

-lagt but not -least of material agpeécts.of. de51gn Tacilities ave

;ﬁdthe_pgepereplop,ddgoumentatlon;end disgemination. of design information

o -end data.. @pie;vould be achieved through the cow-operation of

préféssional ingtitutions, wivepsities and industry.

_ -4s qualified manpower ;is, in my opinion, the keystone of deeign
faollltles, problems facing the preparation of competent designers

are, hereunder, dlecussed 1n detall.“ The addltlonal problem, faoing

ST SO E s

B induetrlally developlng Gountrles in pertloular, ice. that of the most

efflolent use of profe351onal englneere and 1n partloular of designers,

is also outllned with reoommendatzone as to some plauelble eolutlons.
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‘TEACHING OF DESIGN

CiPhig aspéct” ‘of* de31gn faellities has been, 1n recenf yeare, the
subjEct “of nNimerous’ dieou581ons, reports an& papers (8, 9, 11, 12, 14,
16419, 21, 22, 24—26), relevant methods, experlments and trends belng

iigxdmindd at great Tergthy
£heé problem GF thHe' theoretloal tralnlng of desiéners in detall, but

Tt is not intended in “this paper to dleouse

r&thér to- glve & brfef evaluatlon of present state of affalrs.

Owrng to 1nten51ve ooncentratlon on baSlC 501enoes durlng the
last two decades, time allocated to des1gn teaohlng in many universities
Wag' serlously afféstod. - ‘Thle unfortunate dev1atlon in englneerlng
gducation is responelble for'the present shortage of de51gners as
*iguffered by almost all counbrles wheﬁher 1ndustr1ally developed or
‘“o¥herW1se. Thls phenomenon, togefher w1th the genulne understandlng
" recognltlon ‘of ‘the 1mportance of de51gn, by men of learnlng,
* Hoadeniic” and “THdustrial bodiek seen to be the direst cause for what

we may call contemporary "Reapprelsal of Ehglneerlng De51gn .

' By Virtus bf their nature, englneerlng des1gn problems do ‘not,

2l g peneral, have single deflnlte golutlions. The number of unknowns,

i R desxgn problem, usually ‘éXceeds the number of equatlo_e, henoo
the need for making plau51ble assumptlons, and oarrylng out nore than
~wione trial before a reasonable  golution could be réaéhed: “Mbreover, the
o+ depigners may; generally, be-confronted with & ntmbéd 6F poseible” and
feasible solutions among which he will have:tb. gesk”the most zuitdble

T

angwer in the light of his judgement and.expéfiéreey: “sroinielon

wrnar Design:approaches may:be broadly:-classified in’two mainh~ocategories,

Ramelysc. ¢ - . R WP T . T e S SIS C R T g A

© e}~ Traditional Approaoh. Thls i5 based, to a'

‘on prevlous experience, emplrlcal formulae

'Such approach had” been 1n common use a few deoades ago.

b

(b)ﬁ Ratlonal Approach Thle ig founded on the appllcatlon of

scientific information and technical data, through analysis
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and synthes1s to the deVeIOPment &f solutiohs which-aré .then
evaluated before relevant de01s10n be taken ‘as to the most-

guitable molution to the'problem.under;anslderathn.

"ﬁ Thls latter approaoﬂ evolved from the rapld gcierntific and techno-
loglcal progress, also from contemporary sclent1flc attitude and call
for most efflclent utilization of’ englneerlng materials and other

resources. It represents the modern trend in design engineering,

The anazlysis of the methodology of design has shown that education
of enginéers differs from that of scientists in that design forms the
nib’ of engineering activities; consequently the educational set-up

shall have to be directed to this fundameéntal objective.

Standard methods of teaching design have so far been virtually

methods dealing with "Cage Studies" of somewhat orthodox nature, for
which relevant literature is available, and the extent of originality.
is limited to some extension of existing knowledge. Of these standaxd-

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 on the
B .-COntlnent) has been found guite effectlve in teachlng d951gn

of rather well known components and unlts.

t%) Design studies of few elements with emphasis mainly placed
T on theoretical and analytical work. This method would hardly
- serve the purpose of design teaching, as analytical work . -

would have ‘alreéady been tackled in respective filelds..: .. .n-

"‘"Case-Study" methods of teachlng would, by no means, be cons1dered
adequate, owing to the fact that they really congtitute, in the maln,

coPylng work with no or at best liftle creative contributions.

Case studles would, however, be most ‘suitable and essential in the
capaclty of a first stage course in des1gn. Preparatlon ‘of ‘designers

should, however, go far beyona these studles.
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Recent trends in de31gn methods snow that two further stages

should be 1ncorporated 1n the teaohlng programme° these ares

(i) . Case Histories: in which the evolutlon and develoPment of

existing engineering design solutlons are sgtudied 1n ﬁetall,
©. 8. the evolution of gearlng, transm1551on syeteme, machine

tools ete., alternatlve de51gne belng thoroughly examlned.

These would .be a necessary. requlelte before the flnal stage

Whlch follows could be undertaken.

a,(ii)f-Creatlve_progecte; in which work galling for teohnlcal

- imaginatien and inventive ability should be ettenpted, rTheee
studies should, by all means, be carried out in close.

assoclatlon with 1ndustry whenever p0531b1e.

. This would lead us eventually to the 1mportance of tralnlng
designers in industry in line with their baslo tralnlng in academlc .

ingtitutions., -
TRAINING I INDUSTRY

The conceptidn of trainihg designers.in industry is quite a
serious one. ' Such training, which should bridge design and production
engineering aspects, must never be overloocked if preparation of
competent designers is sought. Deeigners should not only be given
access to research and development departments in 1eadingiindustrial
concerns, but as pointed out before, olOSer co—operation between
academic Anstitutions and industry should be dealt at an earlier
stage by undergraduate as well as by pOBtgraduate etudents, through
the organlzatlon of corporate prOJeote carrled out in collaboratlon

with and to the beneflt of 1ndustry._

The need for formlng large teams of des1gn englneers has been
expressed on seVeral occa51one, the idea belng already put in actual
practlce eeveral yeare ago.‘ Tralneee would preferably be allowed to -

join a design team, and should be glven some degree of reeponslblllty
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that would be increased in liaison with abilities displayed in the

course of work.

Without adequate training in industry, designers may not be
expected, in general, to furnish the most suitable and practical
designs, within time limits set for the job. This may, in some cases,. .

entail serious financial logs.

DESIGN DATA

One of the principal recommendations proposed for the promotion
of desigh facilities is the preparation, documentation and dissemina-
tion of design data (2, 27). Measures should be taken by professional,
academic and research institutions to set up joint committees for the
preparation of authoritative design data sheets and mahuals, necessary
funds being allecated for the purpcse. Publication of such data would

naturally be of invaluable assistance to designers.

Moreover, should some system of documentation of past designs be
arranged in such a menner as to facilitate identification and location
of such designs, much time and effort could be saved on the part of
designers who would then concentrate on new designs only. If technical
information appearing in engineering and science journals and -
periodicals could also. be made available and be properly cléssified,
effective use of technical literature would be made possible for

teams of designers.

All these measures would; no doubt,.greétly contribute to the

enhancement of design facilities in an industrial community.

EFFICIENT USE OF DESIGNERS

A special. problem fa01ng 1naustr1ally deve10p1ng COuntrles ig the
relatively limited number of profess1onal men avallable. Such deflClenoy,
which may be reduced or even eliminated over the years, through skitable

education and training, should find an irmediate and ready golution
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through. the proper use of .gcientifie, 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 fron ron-tdchnical duties which could other—
wise be carried out by non-engineers. [Existing abilities should be
_develppgg:to_the fullest extent and plans for improving the quality

and quantity of design engineers should come into immediate effect. .

SUMMARY AND CONCLUSICN

In this work the phenomencn of oon*emporafy reappraisal of design
engineering is pointed out and relevant means of harnesgsing and

promoting design facilities are investigated.

The nature and- limitatioris of engineering design are discussed
and methods of its teaching are examiried. It is herein established
 that the rational approach to design problems should be followed, and
that an effective scheme for the preparation of designers should be L
based on a three stage programme, viz. cage studieg and case histories

culminating in creative work.

The importance of training designers in industry is emphasized,
and close co-operation between industry and academic institutions is
advocated. Design studies should include projects carried out in "

collaboration with and to the benefit of industry.

A substantial contribution to design facilities may also be
effected through the preparatioﬁ, doecumentation and dissemination of

design data and relevant technical infermation.



Incdustrially developlng countrles are recommended to make most
efficient use of their: rather llmlted resources of profe531onal
shortage there1n.~ Ambltlous industrlal ‘plans should 1ncorporate suit—
able’ schemes “fot” the preparatlon of englneerlng de31gners, who would
no doubt be the key flguree respons1ble for genulne technologloal

progreSS 1n the hlghly competltlve world of today.

.. References :. ..

(1) "M.I.T. Report on Engineering Design", o o
¥ nd'Massachusettes Institute of Technology, Cambridge, Mass., "
November 1957.

i(@) MEnginédering D951gn", S : .
Report of Department of Sclentlflc and Industrlal Research,,.
London, July 1963 (H M Statlonery Offloe, London) ' -

(3) Fellden, G.B.R.
"Good Design Pays“
The Chartered Mechanical Ehglneer, London, September 1963,
Pp. 404 —~ 406 and p. 421, = (lees outllne and summary of the
730 Feilden Committee Report). -

(4) vAfter the Feilden Report", o
The Chartered Mechanical Engineer, London, December 1963, ’
DD 616 - 622; Jahuary 1964, pp. 38 —‘40. -
(5) Conway, H G.z
"Desgign and Productivity", ,
James Clayton Lecture, Ins't:r.tutlon of Mecha.nlcal Englneers, .
London, 1963 P :
(6) Conway, H G.
"Degign and Des1gners",
The Chartered Mechanlcal Ehglneer, London, June 1963, pp. 286’- 292,

[22-7(7) Hoblett, Fi%

"The Choice of a Career - Deslgn Ehglneerlng",‘ _
The Chartered Mechanlcal Ehglneer, London, June 1964, PR- 354 - 357.

ﬂaEBQ;thris£0pheﬁson; Diayd
"The Theoretical Training of the Englneer"
The Chartered Mechanical Engineer, London, June 1961, p. 364.



- B/CN,14/A8/111/15/2 N .
' Page 14 ,

. (9) Ball, K.s .. C - i
B - "The Teachlng of Ehglneerlng Deslgn" L
" The Engineering’ De51gner, November 1961. S
- (10):"Wooding, J.&' i - : .
. "Mechanical Design, in_a: Training Drawing Office", N
7 'Allen Englneerjng Rev1ew, March 1962 No. 46, PP- 34-36. o
(11). "The Teachlng of Design"; - - o - PR
" The Charvered Mechanloal Engineer; london, March 1962, p. 154
and 161. Lo ' S o
(12) De Malherbe, M.C. and Ogorkiewicz, R.M,:
"Design Studies to aid the Teaching of Synthesis",
The Chartered Mechanical :-Bngineer, London, June 1962,
pp. 317 -- 320. )
(13) Mc Crory, R.J., Rogeré,:J.Rl; Halcomb,‘JaL;Land.Katzenstein, H,S:
"The Woxrld of the Design Engineer", ”
Mechanical Eaxlneerlng, New York, Vol. 85, May 1963, pp. 29-39,
(lﬁijSlaubhue*,ingﬂt DR R - ey
"Degign and the Educ atlon of Mechanlcal Ehgmneers", ‘
Pitazn, Loadon, 1963. e TR Lo
(15) Jones, J.C.s | ;
. M4 Method of qvSucmatlu D331gn", .
' Conferesnne on De len Me*“ods, Pergamon Press, Oxford, (1963),
p. 53.
(16) Bighop, R.I.D.:. "y ' : : c
"On the Tﬁichlng of Dn51~n in Unlversltles" S
Proc. ins'n, Mzoh. Bacrs. London, Vol. 177, (1963), No. 27,
ppe. T19-774.
(17)...De M&lherbe,. M.C,:angd Solomon, Pud.Bus: . ST T
" "Mechanical Ihv:neerlng Design Tuition at Uhlver51tlesv
Proc. Instn. lMech. Eagrs, London, Vol. 178, (1963-64), Part I.
No. 28; pp. 779-807. A R
(18) 'Wlstreleh J.CG, ;and De Malherbe, Ma.¥c;ﬂr'r~w
"in Experiment in BEdvcation for Design",
The Chartered Neﬁhanlcal Englneer, London, March 1964, PP+ 149-151.
o N T _ ,
(19) Hykin, D.E. e o eobed -
T Nedching a Systematic Des1gn Procedure"

The Chartered Machanical Engineer, London,‘Sept., 1964, pp. 444-447.

o



(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

B/ CN.14/AS/III/15/2
Page 15

Bernhard, H.J.:

"Economy, Mechanics and Design",

Applied Mechanics Convention, Proc. Instn. Mech, Engrs, London,
Vol. 178, (1963-64), p. 22.

"Project Training for Design',
The Chartered Mechanical Engineer, London, Dec. 1964, pp. 648
and 649.

Ed_el‘, W.g

UMechanical Bngineering Design',

Proc. Conference on Teaching of Engineering Design, Insgtitution
of Fngineering Designers, Scarborough 1964, Paper B -~ 2.

Sandor, G.N.:
"The Seven Stages of Engineering Design",
Mechanical Engineering, New York, Vol. 86, (1964), ¥o.4, p. 21,

Howey D.:
"Pogtgraduate Design Teaching for Specialists",
The Chartered Mechanical Engineer, London, November 1964,

pp. 566 —~ 569,

Hayes, 3.V. and Tobias, S.A.:

"The Project Method of Teaching Creative Mechanical Engineering",
Proc. Instn. Mech., Engrs, London, Vol. 179, {1964-65), Part I,
No. 4, pp. 81-99 and 113-132.

Pullman, W.A.:

"Teaching Design to Sandwich Course Students",

Proc. Inzta. Mech. Engrs, London, Vol. 179, (1964-65), Part I,
He. 4, pp. 100-134.

Sopwith, D.G.:

"The Dissemination of Design Data",
The Chartered Mechanical Fngineer, London, March 1964, p. 159.



