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SUMMARY

1.  The paper discusses the Planning, organization and functions
and dovelopment in tho

of research
wtomotive industry in terms of system cngincering.

2. T™he dutios ~nd functisng f product mansgement includ: rcsearch, systonm

ingincering ~nd product engincering,  Product managsement formulates tho ohe

Jeetives of th: cmpany, taking int) account the rcsults »f marketing ro-

ferroh, wnd proparcs dosigns for thy most effective manufacturing,

* This 12 3 summary of a papor 1ssucd undor the same titlc as ID/WG,13/8,

Y T ¢ viows amd opinions expresscd in this prpor arc those of thoe author
wd 4 11t necessarily reflect the views of the secretariat »f UNIDO,
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3, The basic dutics of systom cnpincoring are *+o formulato and cstablish
company gdals, to Acvelop plans far the attainment of thesc goals and to
direct the tochnical argonization in ~eceordance with these plans, Prior to
the formulation of eampany goals, coneiderstion Hf the future teehnieal,
ccondmic nnd socinl onvirsnment e aecossary. Desiin decisions must be

made in the bost intcerest of tho complute systom, trking ints aceount modern
technology. Deonomic and bochnical funsibility hus to be considered At any

stage »f technicenl planning wnd ~ontr ],

4. The systen engineors can give uscful informatisn £Hr the preparation of

the budgets fr rescarch nnd cngineering,

5+ The interrcl-tion of basie and npplicd rcescarch is discussed, Applied
resoarch in the ~utom-tive industry is mainly concerncd with materials, pro-

cosses8, systoms =nd components s~fety, and cngincering.
? ? Al S )

6.  Rcquirements for +he naking of go9d designs include availability »f come-
plete drta on inmproved desigms, reeords on the porformance »f vehiclos and parts,

qualificd desigm personncl, and accurate feodback »f test rosults,

Te The paper mentions the new techniques »f computerizod design which arc of

gront hcelp t) ndvanced product devel pmont,

8., Th: product “bjeetives, subsystoms and comprnents, the orcas of compromise
for physical dimensions (“packnic"), nnd the arca of fixed ~nd variable cost
form o four-uimensional matrix, This matrix illustrates the problems of systcm

design,

Ve Proiuct develspment bogins with building nd testing of prototypes. The

advantnges of using simulators are briefly reenrded,

10, In the chapter dealing with the si/mificnnce >f automotive rescarch in
doveloping countrics, it is frund that vechicles built in large volumes in highly
industrinlized noatime ~pe ¢renerally not suitable for production in small quan-
titics in the developing o ntrics using 1vss eophisticated technolygy., The
necessary redesigning >f uorts ~alls for 1weal rescarch and development.,

Ueually thc chassis and oy muet be clinngnd to mateh the ennditions pre—
vailing in devel wping cuntries.  In this reapect, rocont developments of
production methods using fibreglass-roinf rocd piastic for nmanufacturing cabs

are Of great intorest, since the cngincering and tooling costs arc considerably

ID/WG.13/8
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lower than with conservative methods (prossed stecl sheet)., The organization
of an automotive rescarch and development capability in developing eountrics
should be scen as part »f an over-all programme for developing o 1oeal techno-

logical capability.
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Foroword
L )
, discussion of scope and terminology
1. sutomotive rescarch and development 1s concerned with the creation of

new and improved product desiyms, materi~ls and manufacturing processes. Each

of these threc ficlds is sufficient to require o complete discussion of its
owne. Thie p per will be concerned principrlly with the ercation of new and
improved product desigms snd with meteri-ls only to the extent that they bear
on the orgrniz 'ion .nd the desigm.  Yhen the work of rescarch and develop-

ment is complete, the design is rendy for the final engineering phase of

preparing specifiicntions +nd detniled drowings on the basis of which the

Pt

production tonling programme ¢ proceed. .

Oe It should be cmphasized th:ot throughout the following paper the
automotive orgmnization will be described strictly in terms of its functions.
The paper is not descriptive of nny cxisting nutomotive orgrmization. The
organization and procedures that will be described arce in mony instances

bescd on whet are clearly foresce-ble fulure trends in the industry, rather

than on present practices.  In some instnces these differ materinlly from
exieting orgwmnizations -~nd functions, ~11 of which neoessurily represent in

virying degrec the p-ttern of the rnast.

3 Figurc 1 lelow shows ~ gencer-l management structure with various

supporting st tfe plus the bLnsic operations which ore mirketing, manufacturing
and product minogement. This could be applied to » medium-sized automotive §

-
organization or to o single division of 2 larse ong. .

4. Tt is with product mnn-egement with which we sholl be principally
concerned; but with the underst nding that all operations must be closely
coordinated. Nore of them work indcpendently of the others. Product manage-
ment must formulate its objectives with the guidance of the markcting opora-
tion, "nd it must preparc its desiems for the most effoctive utilization of
the techniques 'nd facilities 2t the dispos=l of the manul wcturing operation,
Product mnn gement includes resecrch, systoms engincering, ond product cngie
neering, with the ncecess ry supporting technical st ffs -~nd services, Systems
engincering is rosponsible for technical nand financi-1 planning -nd control,
It also includes scheduling and timing, voluc analysis and design cost guid-
ances Product cngineering includes industrial design or whot is sometimes
known as "styling", It -~l1s0 includes both thc advenecod development and finnl

phases of the engineering programme of which we will be concerned only with
the former.

Bawel

ggggral manisenent structure

Goner o e
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functions -nd nomecnclature

Se There ic much confusion resulting from the fact that such terms as
"science”, "engincering", “developmert, "reserch” are used to describe
different kinds of -ctivitics .n differont orgonizations. T order to
wvoid this kind of confucion, these terms will be defined ~s they will be
used herc.  The distinction between scicnce :nd engineering is primarily

1 soc1nl one. Seicnco looks 2t the physie-l world, =nd 1ts objectives are
solely conecrncd with ndding to our fundmental kinowledec, Engincering has
been defirncd =s “the wrt and sciense of directing the Torces of nuture for
the usc and bencfit of mankind®. Insincering 1ooks to the soclcty L1n which
we.live both for its direction ~nd for +he rowrds ~nd s-tisf otion from
its use ond benefit to menkind, Popul“r ucage hos unfortunitely ~rvedited
to sclence and scientists the teennological advances th 4 sre in fact the
work of the engincers, so that in the popul=r mind scicncc 2nd fééhﬁology
tond to be synonymous. One enginecr‘has remarked somewhat ruefully that
"whenever the spoceship takes off .nd eocs gloriously into orbit, the great
achievement is credited.to the ccientists. If it folls in the ocean instead,
it somchow bccomes the work of the enginecers™.,  Tho cnginecr hes the ob-
jective of directing the forsces of nature for the use and benefit of man-
kind. e nlso has the further obligation of doing so 2t minimum cost.

He must accomplish his objcctives with the smellest possible expenditure

of vit~l resources of moapower nd m-oterinls,

6o Figure 2 below shows the spoctrum of the techniecal organization
beginning with the basis principle ~nd ending with the final product.
Fizure 2

e —————

Spectrum of thc tcchnical orgonization

RESE..RCH ENGINEERING

Bagic ‘pplied ‘dvanced Finnl

\

”\
Identific.tion
of =application

Elimin.tion of
~lternatives

Demonstration
of feasibility

o
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Te Basic research concerns itself only with the basic principles of
science. This phasc of the evolution of n final product may be said té end
with the ideniifieation of some 2pplication of the b-sic principle involved,
ipplied rescearch uses the methods of both szience and engineering in develop-
ing a produ-~t dcsicm, muteriool or processe.  Whon teusibility hes boen demon--
strated, thc work of wdvanced enginecring development beging., In this ph-s.
the specific design is evolved with full considerition of required objectives,
costs and ~vnilsble facilitisg. The desden is reduced to practice, tosted,
developed, =nd modificd in tho light of tested results.,  The tin~1 milestone
is the eclimin~tion of lternotives, Up to this point thoere re more projucts
and lternative designs being carriod forwsrd than »re intended to be followed
into production, . i thig point the decision is made which altern~tives will
be chosen for final production; thec rest arc then cither deferred or dropped,
(Subscquent to this point arc finnl enginecring and menuf-cturing enginecring

which will not be discussed in this papers )
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I.

He Risersh -nd ongincerios 1l anine will be discussed in tosms of
systems ongincoring.  Tn this terr the word "system" simply mo-ms that whioch

is composcd f - number of subsystems wnd componcents. The sutomobile is o

fine ¢xompl: of » very eomnloy gveton,
P Y ! ;

De In ~ny inet nce where =~ ~ompletc systom is produced thore is some
individu-l ultim-~t._ ly rosponsible for the success of the complete product,
Thig individu 1l is thereforce -~ccountabls for the success of each component
and subsystom of th bt product, whother or not he has the copability and the
authority to control the drsign of *h t componont or subsystcm. Systoms
ongingering is - method of providing *o thoe responsiblo party the c-pability
he necds to direct the cnrinacring of ~11 subsysterne -nd components in the
bcet interest of the complete systens In other words, systoems engincering is
> kind of f'collective boss™ whosc busincss is to know cverything ~bout the
technical osrgwniz tion and ite capabiliticas Like any eoond boss, systcms
cngincering derives 1ts tochnicl eapability from its subordin-tesi it
respocts them .nd their views, "nd it makee sure thcy understand th: reasons

for its decisioncs,.

10. The difference between systems cngincering and the line operating
organizations is not onc of know!odge and ~bility; it is one of objectives.
Any lorge orgoniz-:tion nust »f nccessity be divided into sm~ller organizations
whose objectives will differ in some way from thosc of the cntirc company.
Systens cengincering is - moans to mrke certoin that the over-all company
objectives sovern mrjor product decisionse. To nccomplish this, systems
engincering must be 1ble to express these objectives explicitly and in great
detoil; it must be '‘w ipm of the central authority of the orghnization in

order to achicve the objectives,

11. The assumpticn is mnde throughout this paper thrt the most modern
techniques of operation .l rescawrch 'nd systems analysis ore available and
will be used whercver ~ppropriate in the performance ef the functions to
be dcscribed. One of the adventages of modern computerized analysis is

the #bility to analyse - l.urge number of possiblce alternitives influcncing

a decision, However, analysis is of little valuc unless there are good

o

b .

N

DS/
Pune )

altern~tives 15 be chosen) orextive mynthosis is not out dated bty tre
compater, t is vital th:t tho crpabilitics be Righly deweloped for the
erestion »f vi ble lternm tivesm,

12. ‘rthur D, H 1l erym, "In mojor systeme work, thoorotical studise =lome
seldom provide 71l the grourds for dccision neking. This is bocause lwee
gystcns cften nust satiefy iy odjoctives simultnesusly, sone of which
camnot be reduced to nunbers, Bven within the s llor wrea of technionl
feasibility, 7 rny relevut vorpi-bles lod *0 o sverly conplex nodel, Sorme-
tince the condequence 18 th 't ° purely verbail doserintion possibly bised om
cxperinent -1 resulis providee - better crprosch.  Jener-lly, the btest results
come from 1 combined thoorotic-lecxporinental appro-chy each ipprocch ots

*8 n check on the othere Study »f oven sinple nodels o-r be a2 powerful aid

t> thought, ""5/

13 The author is in “grecement with Hall that in the ficlds with whioh
this papcer is prinarily conccrmned the best possible results will come from
a oonbination >f theoreticnl analysis nd experinent, Inismuch 22 preseat
enginecaring organizations roly largely on cxperimont, this concept is ruch
bettor Wd pted to their ncedes than « purely theoreticl concept which would
sharc no comon ground with tho prescnt way >f 4owng things. The modern
systens cngincer rmust not only underetand the power :nd flexibility of
thoorctic~l an-lysies -8 purfurncd with odern facilities, ho must Jdeo
understand whut its fundwmental limit tions ro,

14. A8 3%0n 8 1Y% 18 given tho responsibility for advanced pl-aning,
systens cnginocring discovers th ot the ecarlier in the spectrun iV begins

to plan, thoe more effeetive -ro the reeults, Since evory engineering design
should bYe node with the =xirrum possitle bencfit of technsligac:l progress,

it can be scon th 't the naxinuw. »f .nginooring :ffectivencsa 18 inseparable
fron the m-~xirmi of capatility for innowation, Thia 1s to 8 y that rese-reh
and ongincering arc directed 8o '8 to ke the nost cffective poseible use

of technolngic-l advances; hoth thoac which origin te within the coupany 's
own organiz~tion ind those which origin-te elscwherc, This mcons that systcens
enginecring ust know 18 nmuch a8 possible ~bout wh-t 18 now in all aspects

of teshnology that ~re sismificint to the zconpany's operations.

2/ Arthur D. Hall (1962) A Methodoiog for ¢
p. 30.
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15 Qystems enginecring hs three b sic cojoctives:
(a) > for-ulatc, epecify, *nd estadblish somp ry gosls}
(b; Ts 4uvelop clare £or the aweonplishment of these goalsg
(c) 7o direct the techninal orgenizatior in accord-nce with

these plwns, #

Bach af these objuctives vill be discussed in some det-ilr,

16, Ls has bdeecn snphesiscd, the technic !l ore nisation works towsed broad
Thege goals ~re frrmulated by systems
One of the Tutien of aystems engineering is to bring together all

egomonioc goals, mot just techric 1 ~:als,
engineering.
relevant considerations of the future techrical, ecomomic and sccial environ-
ment a8 they bear Hn protable marketing conditicnaj such as the probable need
and use for various noncepte °f the produst, the alternativa technical methods
of acecomplishing the desism of such products, and the problems that are involved
i the scoomplishment of =2ach, The formilation of these goals is a ~reative

10by and there are a number ~f techniques availatle for bringing together the

many different kinde of information useful 1n their formuiation, Jne >f these
techniques 18 a thorough study -f the future ir all areas that are relevant,

This, of course, 18 2 co=-operative venture with contributions frem seny specialiste
The study »f the technolosical future pursued w:thin the

oreanization 1tse.f is a valuable tool for the plamning of research and

within the company.

engsineering,

3% iea of fﬁ,tg_‘ﬁre goic

17. 3tudi s

of *he future may aspire to be fairly meaningful over a period
of about ten years., Heyond that point there is sa increasing probability of
The reason for the odtce of the ten

year perid is that this is thce length of time it takes a radical new soientifio

being wrong when visualizine the future,

development to become a factor in the teshnological world, In other words,
assune that the technclogy for the next ten years will be based >n the science
that we know today, but that after ten ycars 1t 1s highly probable that some
bas:c scientific development, not yet known, will change tochnelogy in a way
not now foresaon, Surprieingly, the s~ientists are no better than the engineers

in predicting the future.  They predict superhuman accomplishments for the

engineare, crecting shining towars of techanclogy on the smallest rocks of
scientific truth, with the air of saying, "Sw we have done the importanmt work,

«o

Y
i
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you people can takc care of the details"™. Thoy arc singularly unwilling to
A look nt
the past will show that the really good predictors of the futurc are the writers

prodict what now discoverios arc likely to arise in basic scicncc.

of science~ficticn and comie strips,

18. There is no better illustration »f the difficulty of predicting the
future than to go back »~nly thirty vears - to 1938 - to a time whon nuclear
fission and fusion werc as yet unrecognized; when the concept 10 the digital
computer was nnt yet a vision of Charles Babbage; when solid atate physics
had just recently been rccognizod as a subject worth pursuing; when the idea
of jot propulsinn was unkown, while rocketry and space travel were mentioned

only in the comic sirips.

19 For the planner of engincering and rescarsh who has at his disposal

n large and capablc tochnical organizatiosn, there is a bettor way to study the
future of tochnology. The technical capability of any good research or advanced
enginecring organization is bascd on the capability >f the peosple at the working
level, It is they who arc the experts, not thc¢ managers and dircctors of
laboratorics., Onec of t%e most coffective tochniques of surveying the futurc is
to go to each ci thesc experts in turn and say to him, "Ploasc write a paper
tolling what will be the state of development in your ficld ten years from now',
Tho responscs to such a request would be prompt and voluminous; the asker of
the question would find himself buried in an avalanche of authoritative and
significant information in many ficlds »f technology. After he patiently read
all of thesc papers, he would find they are inconsistent.  He would ask many
questions of the writers and would bring the ocxperts toecther to confront
each other. Varioue kinds of inconsisteney between specialized prodictions
of the future can provide many spportunitics for stimulating intoraction.
After such 3 lively confrontation cach participant would rcturn tco his own
activity bursting with new idcas of rcsearch projects to be planned, and new
developments to bc pursucd. The usefulness of this kind of intcraction is
much bottor recognized and oxploited in basic science than in engincering, In
the pursuit of the original purpore of making a survey of the technological
future to be uscd in formulating company-wide technical goals, planning, cngi-

neering and rcsearch can effectively be aided by confrontations bctween cxperts.
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Formulation of company gg_a.l

20. [t has alrondy boeen noted that the formulation of €oals is a oreative

assignment.  In the words of Proderick R. Kappel, "\ business necds goals that

are clear and heve wide range and reach. Aims must be cxplicitly stated and

2
they must be of o quality that challinges superior minds, s

21, The formulating of busincss poals begins with 1 »2loar look at the
basic busincsc Hf the company.  Yhat kind of a contribution to soclicty docs

1t conceive to make?  What ean e done t- inerease wne value of that contri-
bution or to bLroaden its SCOpoy, v tH put it within *the rcach of more pcople?

In what wn, cai this specifin contribution take the form >f a saleable product?

22, The company goal can be formulated in terms of its ultimate function,
recognizing various technilagical paths for arriving at the goal; or it may
be defined in terms Of 2 particular techniological syster to he developed,

recognizing that therc arc many functions that it can perform. 4 £oal may
be defined in terms Hf improvement f A particular quality in a broad line
of products, One o1 the tmportant nceds in the formulation of gorls is to
statc cach of  them in such a way that .nach eomponent organization of the
company my perceive in that ¢oal the nature and the importance of his own
contribution toward the attainment Hf it, "hus, the gonl takcs the form of
a detailed specification Hf the component and subsystem requirements of the

complete system, with the ceomoamice objectives »f cach.

Bstablfshment i company onle

23, This in formal procedure but an important one. After the goals have
been forrulated and have been reviewed by the representatives of various company
operations who took oart in their formulation, they are rcady for presentation
to the poliey-making bydy of the 2orpany.  Once this has been donc and the goals
have been appr wedy, they beeonme eompay palicy. The very formality of this
process gives 1 comsistency ty Lhe dircetion »f the technical organization that
is likely o be lacking othorwise,  Alrmost A1l technical organizations arc sub-
Jeet to varicus kinds Hf short-ransc pressures., Not all those pressures can or
should be resisted. However, tho existence »f consistent company policy dirccted
towards long-range osbjcctives can forec a more carcful cvaluation of short-range

needs, and prevint nay erratic technical directions that would otherwisc result.

3/ Frederick 1. Kappel, (1962) “The System Approach in Scicnce-Based Industry®
Bell Telophone Magnzine 42(3),20-7,

kR e
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24. It will be foun: that the oxistcnee »f well-formulated company goals,
and the practice of reviewing these with the gencral management, forms an
excellent framewnrk in which members f general managenont who apc not
engincers or seientists can visualize the nperation Lt the techmilogical
organization., This improves, in n very important wiayy the quality of

management and the cffectivences of *the tochnical rganization,

Formulation ot =l-ns

25. Every goal requires a plan ns to how it is to be accomplished. A plan
is primarily a schedulc that liets ~11 the tagks t~ be perf rrmed, who will

perform cach task, which tasks -w.it the complctinn of others before thuy cam
be undertaken, wnd which tasks must be completed before others can be undere

taken.,

26, There will be pointe in timc nt which decisions must be made in the

choice of alternative technical means, Certain information must be ~vailablo
for the making of that decision. There will be engineoring and devoelopmont
work necessary for the production of that informnation, and there will be a
time at which the engincering and devel)ipmen* work will have begun in order

to have the information available ~t the des.red timo,

27. When there are a great many tasks to be performed in the minimum of
time, the job can bucone very eomplicated. If 1t is the kind of 19b that
computers can d5 better than people, and within the areas that engincering
work can bc reasonably scheduled, the planning is fairly routine. Since the
plan is no better than the estimates of what is nceded t> perform ~ task, in
advanced enginecring planning is less precisc, but the general principles apply
equally well.

28, It is a favourite statcment of engincers and resc~rch peorpl: that it
is impossible to schedule invention., In fact, therc is some degree 5f invention
required in 21l gond engineering design and dovelopment, This kind »f desim
and development can be, and cormonly is, scheduled and plammed. It has t5 b
remembered thnt plans and schedules ~re no good unless peosplc perfrrm w plannad.
Engineering planning is nnt cffective unless the planning agency represents theo

authority to direct the work required.
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29, This kind f plasning esn only be done in thoee instanose where there

18 n2 major subsystem or component -n whieh feasidility has mot yot deon demone
strated, Long r pange plans may be 85t up on the eumption that the desired
foasitility will bo wromplighed by a4 certaln 1atep r thore wny be plowne in
which altommative courscs ar pargaed, onc of which 15 1ose desirablc but
fersible, *.

be chagen nly in ~ap th o pe 1cairPl. 2lternative does mot

wchiove foasibilit, 8 rigin~i].

=ggumed,

304 w8 proviously noted, some single individunl or coapany agency is always
responsiblc for the desim f the = mplet. pr Wduct, whother 27 not is has the
cipability *o dircet the f:pign of its subsystome and componeats, Systems
nginecring, in assuming in th. namo f thie responsible party the rosponsi-
bility for subsyst.m and component design, must rocogniz. two specifio ruloe
of oparation:

(z) il design docisions rust be ando in the beat intervet of the
cmplat. gvstumy, and nt that f tiho subsyston op componenty

(v) 211 Aeripn docisione must be made in the light >f the most
nodoern avallable tochninal knowlodie,
If thege apporr s platitudis, they arc in fact Aiffisult ¢ achicve, and roe
quire cxplicit recomiti o f the noods "nd conditione *hoy imposc,

il, The firet rul. moang *hae component design dccigiong shall not be nade
#ololy by thon: whose functi- 1+ ig %, desim that comporent. Al engincoring
dosigne ar. et cet t9 o Foquirenient ¢ munimize ~oet, woight r bulk, and

Ay part of the systom that cxec.ds the ¢+ tal roquirencnts, will ponalize the

whole 3 etom rooordingly, If 10 is wssuned, {or cxaapl., that an aut rwobile
should have 1 acful 1.ifc 180 D00 miles, 1t wwmld b intiess ¢ . Taip it
with 2 major component that wouls I-st for 500,900 milee, The purchas. r's
moncy would b wostcd, 18 h. would bo Pying for 350,000 ail. g of - mponent
life that he would be wnable to use,  The Acsimmer f the conponert, howewer,
will have found that ¢h .as . a¢ war to keop down complainte

component that will g 500,000 =1].e.

8 'o design a
Ho may not like ¢ faoe the more

difficult probl.~ - f lesiming 1 choaner ne that will 8t1ll rut causc some
plaints, 3oncon

vateide the opgarization charged with the dcsign >f that
component must roooimiz. this condition and demongtrate the foamibility of
the altormative appro-oh,

o
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32. ™e sceomd rulc Fequirue that foasibility docisions n new 4. eime
shall aot b madc eolely by thosc rospomeible for the prosunt dosigme. Any
SrEanizction will rogist ckasen thit oimes from rataide, It rakes loss risk
and loae Cffort ) porform 2 familiap task *han o loser o mow oac,  While
charpgo must taic. plac: whoer thy Lator. st o the company denanda 1ty ayst.me
enginecring cia 4o Lo ticr than simply -pt ttrwrily directirg, 11 the name of
centralized authority, that the changs boe mnd o, Ome f yta A or furet one
s to forcmee roquircd changos i tin ¢ Wraniial the omincoring ergonie
zation bofore they must be put into effeet, % including th. roep nsibhle
wRgLIRcers in the original plaaning, wd onlisting *hoir 14 s wvid waistwyneo
in the now dovel ipmont, 1t ives thom undorstandine 4 f Wilowrity, and 8
share in the oride of ace mplishmont, Thosc things overcoms relwstanes %o

accommodate t . chane, and rodus. th werciated ricks,

iidynes apd

13, at ovoovww o gtas of t sehnical planning and omirsl, syetume cnginaering
nomic foasibility +8 well as tochnieal foamibility, ™
ecomuic valuc of the funetion poef pmeg by th. product must »¢ woighod agiinst

hae to eoneid . .

tho cost of producing that product wd some kind Sf an cstimate b mede a8 =
basis for procceding with wy nlaa. The ¢o8t of -ny product can vary normously
dcpending n its Aceim, this o gteraluc rclationship is the host possible
mesurc of the urecllence »f -~ desiga,

3. How do¢e the dcsimmer proccod t) keep his coet at & minimum? Oddl:
caough, the more highly develiped are the nost accounting procedurcs, the
more difficulty the deaignor haz an ®taining the mitdance that h. noeds *o
Mld his coste t5 A winimum. Ir A complix product built in preat volume with
elaborate tonling, ~ 1-ng nd complisntod list of cloments must ba 1acluded in
any cost cstimato., This involvee the sost Af o] ing, ahich i turn involves
an cstimate of wolumce Hf production; the coet f nnt. rial, »f fabrication ~nd
3f assombly. No designer can wait while the .-t machine f ~ost recounting
erinds through the complicated orocess nosdod *- produace information of this
kind; snd it Lo eould walt, the enst of producing the infrmation woald weleh
henvily against the project. On the Sthur uand, + 1cgimor hae A clear fecl
for the csc.atinl coet f 1 desien; he can 1ook ot tho weight and ~ost of
natorials, the number of paris, and the number »f ~perations required to
asscmble the parts,
cost of tw> altornative designs.

He can get for himself a recasonable index »f the relative
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15. The best methad »f providing cost guidance for designers is to add to
this naturnl designer's ability the help »f ~ost consultants in cuch cngineering
activity, Thus. cost consultants are ¢xpert on processing wnd materials, and
thay have surrent knowledge . cxisting facilitics. They can tell the designer
hiw he can change nis dcgim to gave tooling coste or to simplify assembly, to
reduce the noed for o kind Of material that is cxpencive or difficult to handle,
P how he con duslym A casting in such A Wy a8 to reduce the number of cores

romquired in the rundey,

i In advaneed crnginvering progrummce, both funotional and cost considerations
rogquira that altornative desiyms be carricd forward t5 the point where an evalua-
tion can be made f the valucecat relationship.  The planning of the cxperi-
:ntal desiym wnd 1o lpmont of these vori us 1lternatives is a routinc part

f the planring f advan~. d oTogramn. 8,

Ulocation .f t.chnical rogourcogs budgeting

37, It 18 commoniy wswwd that the tiial amount that shiuld be spent aﬁ
rescareh wnd onsincorings wili cstablisd itself, but there is considerable range
ir thie quantity. Lesaring A given level of technien? cumpetence on the part

't the Srganization, cagincoring can be bettor op worse: the cost of the product
e be higher and its ability t perfarm its funetion can be lwicr, Both of
thise ooet monoy, Thore ias bviously » level bolow which raductions in the

cost of engincoring will cost -+ xr_at deal more than have boen saved by Hther
vagincering ccononics.  In practice in ~ laree remnization it is ~ difficult

lergthy process ') cetablizh o meaningful rolation hotween these quantities.

¥, In the attompt to find some bosis n which proper oxpenditures for
rescarch and ongineoring - b 8.ty 1t e oomron v 199k nt the oporations of
compotitors, lUnfortun-ately, cven lese informntion ie wailable for judging the
adorquacy of 1 conpetitor's enrinecring effort, since lose i8 known about tro
cost »f his sporation and almost notBdn~ 48 known ~bout Lhe adequncy of his
advancod prograamcs. Systoms cntinecring cnan supply useful information on this
subjcet in line with its wesigmmont *o know all there ig t- know about the
tochnical organization, 1ts capabilitics and its cxpectoed results, Systems
ongin-ering con and should be able to _-xprees to manacencnt the probable long-
torm cffects both f incrcnses and °f dcercases in the research and cngincering
budget. 'milc oftun a relatively smell proportion >f the total cxpenditurc is
in rescarch and develospment, the quality ~nd =ost »f subscquent onginccring is

based on the cffectivences of the advanced programme.
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39. Another aren in which cngincering coste must be carcfully cxamined
is in the speed of develospment, It is cxceedingly expensive to acceleratc
a programme beyond the normal pace Of cxperimental design and development;
and it is important t5 wcish the costs of accelorntion, not only in ongi-
neering costs but in cunlity and ceost of product aymiast th value of carly
product aveilnbility. Onc ot the best ways to accomplish carly availability
is to start varly, and this is osnc of the benctits Hf systuns onginecring's

carcful ~nd systematic cxamination of futurc n.-ls and oppartunitics,

40, Tnc necessity for budgeting is inescapable in zdvancced onginuoring T
research. Any creative engincer or scientist can think Hf acre 3 ideas
than he will probably have money to pursu:. The proper proc.ss of hudgeting
is onc of <valuatin~ thesc idens s nearly ~s possible in terms of Lhoir
anticipatcd cost, and anticipated return. .. nmajor factor in cvery budget

in an advanced cngincering ~nd rescarch programme is ~ decision as to the
probablc valuce of the pooject; its valuc s an investment in futwrc company
profits and its probability of success. Estimating the probability of success
is a highly technical job., Unfortunatoly it cannst be left to the sponsor of

the project, whio would not be in the business if he were not ~n aptinist,

41. Systems engincering, by taking a long=range view of the company's aims
and how they can be accomplished, cnan add proatly t) the content of this pattoern
and improve by o considerable marein the officicney with which the -~ mpany 'e
resources are allocnted for the nceds of its advanced prorammce. Tt has the
full capability of thce technical oreanization at its dispugal ~nd ~an thrn
reagonable csbimntes of probnbility of success. Tt is important to cmphasizc
the need for alloeating to cach able member and department of the organization,
a proportion of its annual budget, free and clear from outside control, to be

used for the initial investigation of good ideas.

42, Just as it uscs computers for the development of complex schedules, 89
systems cngincering will usc computers for multidimensional analysis of complox
objectives in the praocess of cstimating the probable value to the compeny of

individual programmcs.
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43, It has already bcen indicated how systems cngincering can cncourage
interdisciplinary intcraction for the purposc of improving the quality and
content o€ internally fHrmdated budget proposales. Tt i3 o mistake to assume,
howaever, thnt there cxists 2 clear distinetion botween those propssals that
are formulated intornally and thoco which are part ol = company plan. Therc
is 2 great denl of sverlap. This s because much of the subject matter of

the goals formulated by systems ongincering is dravn from the work of the
various research nroas,  Fhat srstens cngincering does is to anke surc that
cach worthwhil propoeal is supported by nocessary work .rn sther areas. In
this wny, in the process of working on systems cngincering plans, "A" is doing
Bome: work tow~rd objectives that he has formulated hinself; sther work that he
is doing is in support of dbjectives that have beon farmulated by "B" Hr TCH,
The important thing to remember here is thnt none of these sbjectives can be
achieved without the acconplishnent of the supporting work. The more complex
the system, the more necessary ~re the efforts »f systems cngineering to scc
that all objectives rececive the support nceded from all departments of the
technical organization., Rescarch and advanced engincering people will not
resent this. They would rather work on one project that they know will be a

sBuccess a8 otherwise they rcceive no support.
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II. ORGANIZATION AND FUNCTIONS OF RESEARCH AND DEVELOPMENT
B3ngic rescarch
44, Only a voery few of tho larpost »ut omotive conpanics support hasic

research. Ecsic rescarch in industry is similar to basic roseareh in in-
stitutions of learning. Ty ditinition it is entircly sub jeet-oricented, and
in principle the purc scicentists are ontircly wiconcerned with the material
goals of the company thet emplovs them.  Their sole Licctive s adding to
fundament~l knowloedge., Nevertheless, the basie rescarch Laborntory moakes
important contributions to the industrial osryanizati om. i suly ean it

be expected t) develnp new scientific principles *hnat will have important
application Tor the futurc; cven more importantly, it is in the best position
to be aware of the potentinl importance »f scientific developments that take

place clscwhere,

45. In addition to the flow of ideas and concepts along the lime of the
technologicnl spectrum, there should also be a flow of people and methods,
Research should he regarded by the rest of the organization as 2 potentinal
source ~f talented people; the scientists make good crgincering managers

and they bring along with them much needed new attitudes and moethods.

46. The basic research laboratsry ot the Ford MHhtor Company is the largest
of its kind in any ~utomotive organization. It emplovs 165 people »f whom 91
arc scicntists with doctorate degrecs. It has six departments: mathematical
and theorctical sciences, physics, metallurgy, chonistry, physical clectronics,

and cryogenic devices.

Applicd rescarch

47, dpplicd rescarch is the link betwoen scicnce and engincering, and it
omploys thc methods of the scicntigt as well as the engincer in accomplishing
its objectives. Its primary task is t> recosmize the passible useful applica-
tion of a scicntific principle; ~nd to reducc this applicatiin tH practice in
such a form that its usefulness can »roperly be evaluated, with judgement as
to the probability of its cventual success, and the cxtont >f its eontributi o

to technology., On the basis of such cvaluation, decisions can be made regardin

further development,
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48, Recognizing the diverse nature of the tws ficlds, between which applicd
rescarch forms o link, the characteristics »f the personnel for this depart-
ment can b cecuratcly specificd. They must be drawn from both ficlds. One
of the grent advaniages O o vinble basic research laboratory is that it forms
a nucleus ~nd . source for the reeruitment O able scientific personnel for

applioed rescarch.

49, Whenever ~ seientifie development emermos that promises t95 h-~ve usefal
application, the sciontist who ir responsible far it often pursues it into the
subscquent stoges of develonment, and transfors his ~llegiance from pure scicnec
to applicd scicnce.  When this oonurs, 1t brings to the proicct 2 useful degree
of continuity, anderstanding and -mthusiasm, 211 of ghich increasc the proba-
bility of 1ts saccuss.  In ~ddition +o this, n voluable eontribution is made to
the cconomic sbjeectives of the parent srganization thraugh the addition of an
able member of its applicd tochnienl staff. Tt has proviously been remarked
that scicntists Afton maks rood cngincering manogers; they most »fton make good

applied roscnrch sciontists -5 woll,

50. Many 5f the most <ble ~nd intclligoent young people chosse t5 be sciontists
engaging in pur. rcsearch rather than applicd scientists or cngincers., It is
truc that scicneo is crodited in the popular press with many of the technical
achicvements Hf snginecring, and has about it th. #lamour that engincering

possesscd in an carlicr concrntion,

51. There are other roasons bowoever, Many 50 the ablest peosple with the
most intonsc creative drives have o ficrec Acsire for independence; 4 desire
1o control their swn desting ~nd ehsose their swn fasks,  Theyr fenr regimen-
talion and organization, Hony of thom have an o idenlistic e to o avold
materinlistic constraints, All f thosc things cwuse them t5 shun cngineering
and aprlicd secicnec beeause 9T its conncotion with practical affairs, Many
able sciontists retain this attitnd. thr urhsut thoir lives, Oth.rs, snce
cmbarked on 2 carcer of pure scicnuce, porecive the ppirtunity for sorvics to
Bncicty. They perccive that Lendership is as worthy o zonl ns independence,
and they find that ceonomis constrnints e a8 real outside business as within
it, Such people are £55d candidatos for ~pplicd research -nd devel spment,
Their intcllijence and wbility quickly sverenme any lack >f specialized training,
and they beconme sucecssful members and  leaders »f the technological organizas

tion.
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52, As to the ongincers, ssme should have previous coxpericnce in design
and develepmert, with the ability to bring a project to 4 staty f roadincss
for thosc operations, Otheres arc prinarily creative design poople.  This is
a grod ficld for young cngincers to gut *hoir firs* view of the procoss of
product innovation. Young cngloneers arc traincd in ths 1-t- st cngineering
tochniques, and their creative bilitics arc ~t the penk; ~ad at this stoge
of the process tho penaltics for the mistakos of Lnexperience ~re rolatively

small.

53. Not all technological innov~tiong have their ori-in in apulicd researeh
since not ~11 innovations depend on the now wplication of scientific principles.
Some o>f the nost important however are likely to 4o g8 and for this type of

development applicd rescarch has n task that is both difficult and important,

54. About half »f the work »f the applicd research wganization will be
directed towards sbjcctives formulatod within the sremnizations the other half
in pursuit H>f sbjectives statcd for it by systceme ongincering.  The latter ine
clude objectives that have becon formulated by the >ranizatisn in support of
praduct noeds as well a8 projeets neoded o support deveooprments 1n ther
departments of the technical “reanizatise. Systems ongincering 1s als:
concerned that doevelopmonts  that are foasible within the npplied research
organization, -~rc ;:iv:n pronpt consideration for incorporation into company

gonls nnd cngincering nlans,

Materials and procosscs

55. The ~utomebile is dependent on a wide spectrum >f matcrials. Each has
an important bearing on durnbility and rcliability, the ability to perforn as
cxpected, ~nd the ability t» give s~tisfactisn to the uscr.e In varying circum-
stanccs there arc wide differcnces in the propsriion of thoese materinlge that
ar? produced by the autorobile nmanufacturcer ~nd thosc procured fronm Hutside
gources. In most instances, the procurement from sutside sources dominates,
and thc automotive manufacturcr finds that he cannot successfully turn out his

product without cxcrting close control over the sources »f his materijla.
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%.  Close contril of phyeical propertics is ossential t> the swocess of
the product. 1-mic 5 the sutomobile is stecl, Steol is highly stressod

in modern destiime for saviaes in ~o8t and weight, In choct metal, formability
wd weld bility =ust te k14 within ol en Linite, whil. -sugc wnd hardnoss
emtrol are seeontial (f progecd mota) parts cre bt be within dimonsional
tolorano.s, Flastimcre po vital parte f tno madern wwtomobile,  Vibration
abeording mourts for cnZin 2 and bodics, zusoinsion parts, air nd water scals
for doors -nd wirnddows, 1l a--]la ond Tagketr, Loecs fur sotrol, hydrawlic
fluid, cwlias woter, ~nt veogum eele's, lisphrans for pctresl punps nd
vecuum power 2l lindere ar v pertial List o f deviecs tnat requir: o wide

warioty of physical pr norties all of which =ust he 8p.c1T1ed and ~ontrolled,

57. A irowing numbter f small prts ~re qolded pioBtiz, and in 8omc ine
stances plwtic body prnels wre uscd, Plastics wand Loathor, both natupal
vd similatod, for intort r trim, Clectroplatine for fecoration and corrision
protoction mus. be spcoificd for procurcoment and ~ntrollod in productin,
Brake and clwtch lininge st Bav: wecuratcly known frictin charactoristios
nd roesistance t hoat and abrasion.  Jlass [or windshiclds wd windows pee
quircs cl se control of sptical ad shattering ~Rapsotoristics for svfoty,
Fuels ~and lubricants relato intimatoely b, the desim of the vehiele and its
successful porfornance, Those e venceially immortsnt, since thoir quality
Must be assurod t o the cust mer, wnd thorof re thore 18 necd £oF the automde
tive manufacturcr ) contrd the qunlity of - oeoduct that he neithor ankes

rar bure,

5tie The nppliud rescarch rmanizati on bucnca the ~atural basc on which
to build the oxtorsive capa®ility ropaird Yo eontrsl this long list of na=
teriala, If Lne cxaminces the wtomobils f WO yeuws w url comparer it with
tody *s protuct, he finde th-t the .mproved value ~nd zapability o due o
€roat deal mure to the nope (fficiont us. f astorisle than tH bagic Lifforone-
ced in designe Tmie fyot sorves t indieatc the relative impOrtwnce of ro-

soarch in the improvencnt of smetorials and She capability for their contml,

It aleo indicates the wide g of ectorntific ~npAd englneering techniqucs
and abilitios required t) conduct this rescarch,
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59. The gonoral subjeet >f process dovelospment is outside the scope of
this papor. Howover, it must be said that process doveloprent is clorsely
linked with product disiem ~nd n~torinl deve soment, and the conduct of
research in this ficld is inscparablc fron the functions Sf - applicd ro-
search organizaticn, It is particularly inpordtant under the circumstances
80 typicnl =f ~ dcveliping nation that nanuf~cturing processes be developed
which arc best adaptable to product requirenents, to losally aveilable re-
sources and the volume Lf production, since *hege proc.ssus Aro quite likely
a2 be entircly dafferent fron those that prevail in =oro highly dcveloped
tachnologies,  In the highly devel ped countrices, the praduct desiemer is
the prissner »f the cnorouz investments in nwufacturin: foecilities, In
the doveloping nation, the product designer is likely t9 be the prigoner of

1o¢al ce nomic linmit-tiong.

60, 3ome exnmples of inprovoncents in matorials and processing that have
arisen in thc basic rcscarch laboratory at the Ford Motor Company and have
bean reduced to feasibility nd practice in applied research are the
follnwings

(a) Titaniun carbide cutting tonle have about five times the lifc of
tungsten carbidc cquivalents ~nd permit substantial increases in pro-

duction Hutput por nachine hour through the usce of higher cutting spccds.

(v) Ausformidl st 1 hes tonsils strencths up to 400,000 pounds per
Squarc 1nch und nermitg connerable tnereascs it metal hardnoess. This
material s putioiarly usecful in il chly stresscd components and
alre~dy =auch uscd (v punches and dics for d10ficult applicnti'ng in
large volume producticae Tt will cventuall, be wood to reduce bthe
#izc 2! woight Lf gugpensi on oorine,

i

(c) Elccte ohorciie aop.glis o of corr.sion=-rocisLant soutings on
tal surfacus 1o i Lootr.gtatic cautvalont of the cloectroplatings
of metnla, This oroecos io valunbl s beecaus. 1t ois solf limiting and

loaves ro conducting: net o surface untonted. It 1s »lready in usc in
the applicntin f ~srrosion-resistant contine n vehicle underbordics,

(d) Radiation is ~ mothed of curin,. >f paints ~nd oolyners.  In this
progess, loctron rodintion prodaccs, in about ) seconds, v comparable
effect in 2 minutcs ir the bake sven. [t permits the application of
baked cnazcl finishes to naterinls that canot withstand baking
tompernturcs ~nd will find racreasing apnlicntion in large-seale
production whers it will save time and space by the clinmination of
bake vons, It will permit the usc f materinls that cannot now be
applicd ¢ the autm bilec,

Many other cxanples nay be cited from the cxpericnce of Ford and other

conparable manufactiurcrs,
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Systcms and components

6l. I* is ir this ~rca »f applicd rescarch where many new design concepts
take form., The cardinal rule in tho design of a complex systom such as tho
automebile is thnt the syctom comes first, Ttz individual components arc
never regarded s onds in thomscelves tat only as meane towards the accomp-
lishment of the contral objective., [t is -Tten difficult f.r thisc¢ who have
responsibility r the desigm 5f specinlized compinents such as cengines, trans-
missions, suspensions, chassis parts wnd bodics to accept the rule that their
objective is always t) build the best prssible automdybile, and never just to
build thc best possible o mponents Thesc objeetives arce never the sane sinee
all design is a compronisc.  The ptimun systom and eomponent desi¢gm will be
discusscd at grenter length in another scetion of this papcery the concept
begins at the becinning, however, and it must guide the conduct of research

and development in all its phascs.

62, Since the objective of the reseqarch organization ig the demonstration
of feasibility ~nd not the crcntion ot A Tinishcd design for a specificd pro-
duct objective, the approach to design in the rescarch organization is thorc-
fore morc creative, less inhibited, and morc groverned by the nced - eonduct
cxperinental desi¢m ~nd devel spment as ccononically as possible, Thus,the
parts of nn cxperinental model intended t5 demonstrato feasibility are likely

to b designed quitc diffurently from those intended for productinn,

63. Because »f its concern with the systomy the ~pplied roscarch argani-
zation requires th~t there be included in its oreanization persons who have
capability in all design nrons. This is truc even though the onterprise is
not sufficicently larpgo t Justify undertaking research in all the arcas of
specialized component developrnant.  The success of an organizotion is not
dependent on its having 4 largece number Hf peonle.  In these carly phases,

and indecd in all phases 9f rescarch and development, a small number of

truly ablec pecovle can produce tuch more cffcetive results than a large number

of pcoplc whnse abilities arc only indifferent.
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64. Any organization, large or small, will conceive of more projoecte and
idcas that it hns the facilitics to crry forward., Onc >f the keys th e nmie
cal perforrmance of cffeetive roscarch and development, and hence of ~ffcetiv.
organizationnl leadership, 15 .arly identificat: sn of rrojects with mtentinal
for the grestest success ~nd cnrly climinntion of unsuccoessf il proijcnts, It
often requires courase and discipline 'n the part of btoth leadore and associ-tos
in an applicd rescwech Hperation to recomize n negative result, and t» put n
cend to a projzet originnlly undertaken vnthusingt 1 ~all- 1n the oxpect~tin of
successg. L uscful formn] proccdure is 4 condurt - regular tochnionl ~udit,

by senior techinical peiple, f the currcnt projects, the adequaey Hf the dcaign

they rcpresont, and thoir cxpestations of sucecss. *

Safcty and human cnginccring

65. Safoty is not the province of any single dcpartmont in rosearch and
development.  Fngincering is sometimes defincd a8 the fine net of eomprmisc,
but at least in the United States there has nuver been any degree of oompromisc
that would incrcasc the risk of mechanical failures this includes chassis and
suspcnsion ccaponents, whoels, tires, brakes, and Vighting. 77 the United
States there are over 60 millior crrs in daily bsperation and dospite the
horrifyins; total of deaths and injurics in car aceidente, the tnitod 3tates

is thc saf'est placce in the world to drive 2 ear. It hns the L weat aceident
rate per nile travelled >f ~ny nation where statistics arc Bopt, and 1t has

the sceond lowest accidont rate ver vehicle,

66. The industry has bocn less meticuloua m the whole abrut the human
factors in safcty, primarily in the mattor of passcnger restraint and interior
design. Iollowing the ¢old reception by the public Hf Ford's initinl atteept
in 1955 t> popularizec this aspect »f saf:ty, it was gener-lly negleoted by the
industry until the rccent Hutburst »f criticism and fovernment actisne Rocently
the industry haos sct about t5 mnke up for 1ost time, taking up where Ford left

off ten years ago.

67. Unfortunntcly, ignor nt critice have raised great cxpoctations >f the
potential of "crashpraof" automobiles, which are not realizable, The presump-
tions chncorning the possibility »f building crashproof ~utom-biles awre noat
generally basced on the work »f Col, John Stapp, who survived without seri us
injury a deceleratiosn °f 47 ¢ in ~ carefully controlled sled test with claborate

body restraint nnd acceleration in a predetermincd direction. 7> withstand suc
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accclerations, body restraints must distriduto the faree of acoeleration as
aniforaly & poesible sver the whole bdy, Such restraints scverely restrict
frecdom of rnovement, aad their “rplirntion ig 1 longthy nd affiealt i SRTIOF-F T

ac whirh e bviusly not spplicabl. ¢t th SABBUNZOPS in ou st om bil, lose

than 20 por ~ant of ah.m ~r even willing o endure ibe olight restraint of a seat

belt. Probabl, the t.et hone tor ‘hie kind - f OSB8Il prot Loty n rosts in
new inventiong, such 8 ~irtys losigmed t infl-te in ruffici ntly sh et tine
'y abeort the impnet of the so=called “sooimd #o1lieion", sr nots or blank.ts
servin: rouchly the samo Puncti i,

“8. CThe eomecpt of the cinshproof ~ar is iteclf fallacious. Probably the
1deal offiet of A frontal 1m;act i £or the feont structure »f the vehicle to
eollapsc as unifoemly nd e completely as possible without scrivusly infringing
upon the spnc. Of the passongor compartment. This provides the maximun st pping
distance, Fortunat.ly this condition 18 coagistent with other dvsign ~bjectives,
wnd 28t cors now buiit will oollapec in this m'de on frontal impact, Tt is
important that there nt (ot much rigidity or reeistance to crushing in tho
front structirc of the car in rdof to ~avnad unduly larec weclorntione of the
pusscnger oompartment, It 1e . otable that, f the gr-callod s foty cars that
have becn dceimod - anl some of thoa built and shown - thers have never boon

My public reports of tuo roesults of o ~rash test conductod n one of thom,

69, Mo Ford MotHr Company is progsontly dostroying ~bsut tw) vehiclus par

43y in systomatic orash tcsts in barricr impact, r.llver, 8id. wnd rear

crndos and Arop tests.,  In each test thoere ar. Cxtensive monsurcnents of

trouma on tne dummy occupants, accoloFation ratos, etructural collapse factors
vl imdicatod soints Hf oceupant iniury, for the purposce of »8tablishing sptimum
design fnctors for ccupant safcty, Othur mited States manufacturcre conduct
these s tosts in comparable nusibors, Unfortunntily, there wre many timos
this numbor of vchislce dostroyud in customcr scrvice, with inadequate infor-
mntion concorning the circwmwtarces wnd cwses f the ceidont or the causes

wd oxtent of the injuri.s sust-incd.

10, Other vehicle chapact oristics nus® be cstiblishod arinarily on the basis
o the human factors, My of thesc, such ® *he Speration and location »f en-
trols, arc nls dircctly or indircctly concorned with 8afcty. The basic dinen-
sims >f tho wohiclas are eetablishod by anthropomotric data which must be
constntly upditod becuse °f thoe rapidly increasing staturc of coming
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gencrations, The desigm and locatisn of osperating contrsls and indicatrs
have roccived more systematic attention in aireraft than autombiles, but the
autmotive industry is rapidly catching up in this fisld., Thero is £rowing
apprecintion of the importance of the subjcctive factirs +hat ply such a
large part in trtal user satisfaction, and tho necd for developing objective

information on which vchicle dusiem can be based.

Engineering dovel spment

!agtors of good desipm

71. Sincc the success »f the ontire »rganization is dependent on the
quality »f designs produced by the rescarch and development organization,
#ome Of the basic requirements for the production »f good design will ba

discusscd here,

12, The advancod ongincering »rganization begins its rospongibility for
design, through an ongoing programmec of design improvement in cach subsystcm
and component arca of the vehicle, Vhenover the nced ariscs, anywhere in the
rganization, to design a new subsystem or component, advanced ¢nginecring
should have nvnilable complete data on improved designs.  These must be of
demonstrated feapibility, and must cmboay the lessons f past experience and

the full bencfit f the most midern develoypments and materials and processcs,

73. The aut mobiles enginceers have designed and develosped are built in
significant quantities under conditions »f the utmost compotitive pressurce
for low c¢sst wnd product quality, function, and durability. Rocords of their
performance with the ultimate buyer, which cmerge only 1ong after the manu-
facturcr has produccd - disign, constitutc an ovaluntion of the dosign nmany
timcs more accurat. than any pissibl: prisr analysis. N9 analytical prediction
of behavi~ur is more accurate than the assumptins made concerning the con-
ditions under which the behaviour is cxpested to take place, =nd in the casc
of the mass produced article thesc conditisns can only be infurred statisti-
cally from this ficld cxperience. In the Aesiem of ~ new produect, Hr a new
model of an existing o>ne, there arc degress f uncertainty concorning the
extent the conditions derived from the cnarlier expericnce cnn be cxtraprlated
to enver the futurc "ne. For reasons >f this kind, changes in the dusign of
an existing product untail a risk which is in proportion t. thc degree »f
change, and the product can be protected ngainst this risk only through an

incrcase in its c.st,
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T4. Oliver ¥endell Holmes Sr. wrote the engincer’s idcal specificatinn

of optimum design more than 100 years agd in a humdrous poem, "The Deacon's
Masterpiece, >r the Wonderful Onc Hoss Shay™, in which is described a vehiclo
82 carcfully built, with cnch picce cxactly a8 strong as every »ther, that it
went perfectly for 100 years and then collapsed into dust. (Unhappily the
Deacon bequeathed t5 us very little »f his desimm technique.) The point to
the story is that part, which has more durability than it needs in srder

to live Jut the life Lf the product, 15 ne which cmbodics unnecessary cost
for which the buyer must pay but for which he reeceives no value. Consequently,
the engincer is concorncd not only to improve thosc parts which fail to cive
adequate service, hc.must be cqually concerncd to reduce the cost of those
which d» not fail, 1In fact, hc must dn so in rder t9 allow for the cost
inereases of nceded improvements., The accumulation »f many years of gradual
proving and development, always under the pressure Of competition, eventually
results in na product npproaching the "wonderful sne=hoss shay"” in the degreec
to which its components arc balanced against onc another for durability and

valuc, and have a reliability factor that rivals those products in which cost
is n» object,

75. A designor constantly strives for the most efficicnt possible dig-
position of material, to improve a design through reductions in the cost and
weight of materinl used. He must reduce the tHotal number »f separate parts,
the complexity of cachy, and the points Hf intoraction between them, When a
desigm is kinematic, it performs ite function with the smallest possible number
of scparate netiong; hence, the smallest prsgible number of bhasic components,
For example, = three-laogped stonl is kinematic; cach lep veorforms its own share
of the work, A four-legged stHnl is not kinematic; »ne leg is almost always
not working, and rdinarily two logs do most of the work.,

16. The indispensible clement in the production ~f eood desien is the good
designer. Truly able desimmers are rarc, and since “ne >f them has as much
value to the srganizatiom as Ay individual in it, n) coret op nllocation of

organizational status is too frcat to ineure his maximun produotivity,

oo
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7. The qualifications of tho able designer are exacting. They include
native talent, knowledge, training and experience. Native talent is the
ability t» visualize the desiem. If it happens t) be ~ mechanical device,
he is able 1o sce it functisning in his mind, and t> visualize the spatial
relationships of 1ts parts. In the cnse »f an clectricnl system or circuit,
the designer visualizes some gint of analoymc.  Intuitive thinking is perhaps
difficult to diccuss but essentinl t~ consider. 'The ~ble desipner is likely
to be the kind »f individund who thinks in terms f picturcs and diagrans
rather than in words and cquations. . The designer's intuitisn is not only
important to him in visunlizing relationships, but it -lso forms the basis
for ~ kind >f running analyticai chceck which maint~ins the basic desigm
within limits demandcu by ~ subscquent £ormnl ~nalysis. It is the mark of
the work of n good designer that modifications can be contained within the
concept originally sct down., A ood desigmner dnes not pursue a concopt that

embodics a fundamental frllacy.

78. A pood designer has strong aesthetic motivations; he is concerned with
balance and clegance. Elepance meansg here what it means t» the mathematicinng
goonomy, lack of rodundance, an element of benuty, an clement Hf the unexpected,
a flavour of ingenuity, =~ lack »f the obvious ~nd commonplace.  The Hutstonding
dosiéner will try, and reject for such reasons, many ¢ ncepts, any one ~f which
would have satisfied the journeyman. The resultin,: differences in cost, weight,
function, rcliability and durability can be ags great as the difference between

the success of a product and its failurc,

79. The maximun possible freedsm to conduct cxperiment is an indispensable
tool for the ~ble desigmer. 4 dosiecnmer must be guided by a constant feedback

* various desim 2 if thesc
of experimentnl trial and verification »f varisus desi'm soncepts, if the
' Prom - 3 . nven.  There
concepts arc to difier in any important way from nthers alrcady proven
ig i ici i : the
are very fow fields in which analysis is sufficicnt by itself to ennble

) : ; \ + e A Hromlising: new idcae
desigmer to procced with eonfidence on what might be o 81N

1 700 ' 2 he ings available that greatly
80. New tochniques »f eomputerized desiym are becoming n ;

i i i ! x] M M 'ln n, PTG').t
assist the process f visunlizing spntial relationships. There rema

' ' Arc inn derstond
many comnlexitics >f funetional relationships that arc inndecquately un
‘ ancess to physical facilities
The

by analysis, and require th~t the desigmcr have
ifi i f ' oncepts.
in which he¢ can conduct experimental verification »f design conce;

‘ : ilitie d the
greater the freedum of access the designer has to such facilities, wn
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shortor the time lagz between the ides and the oxperiment, tne more ereative

and the more productive the designcr ean be. The effectivences f axperiment«l
verification ig almset destroyed by formalitice and dclyw: making Arawings,
Wpproving crders, wattine for perts v o nroducod in som pem ot gpyt,
drawing 1o nly o ne=wny communication s stem.  The hest designor 18 the neo
wh> has 1t han! th. tcchnical farilitics tH nerf Pm his own exneriments, to
communicate directly with the tochnician who makes his experimental material,
In many instances difficult mechanianl ~nd clemtromechanio~]l pribloms that

defy solution b ordinary mcth ds can be eclvad by the simnle expedient of
placing the Aosim netrecrs in the same ryom with ¢4 facilities for dullding

eXperimental moodolag,

Product plannine i otipum leslim

El,. Txistin.- practices in the aut mobile industry make it impoesible t»
scparate nroduct desien -nd dovelorpment into an advanced and final phwe, In

A large manufacturing risaniz~tion the procoss f tooling £or the production

o 2 new modcl ~ut mobile requircs ahsut tws years, Tde~lly, the losign shruld
be finalized, doveloped, tested and »r ven veforo - tooling; programe i undor-
trken,  In nroctice this is sclionm done, Compcetitive pressures ar. such that
manufacturcors must be free to make desism changes in now model proframmce at any
time prior to tooling, In extrome ingtances, changes must be mnde “ne yeor
before the besinning of production, Obvisusly under those coniitins, the
Intitude is limited, for ony icsigm chansos which ay be required a8 the result
f testings wnd levelopment cxnerience (a8 both the cost ~nd the Liming Hof

to ling chansce) beoome sriticnl.,  The capability »f ~ very short engincering
and develpment sshednle concurrent with tonling in - lwrge system is limited

to ovolutionwry change ~nd acc mpanied by hish risk and expense, unlees ade
vanced cnyincering has done » gond b Hf Acsigm improvement, Otherwise, the
design must be made on such 1 conscrvative basis, sufficicntly resembling
previously cmployed desiyms, thnt all spportunity for desigm improvement is lost.
Despite thesc complexities in practice, the process Hf nrodict design and
development will be discussed in this paper s though it were cntirely scparable

in time from final cnginecring releasc nd t»ling,
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R2e In 8> cmplex & syster ns the watomabile, the optimum system desigm

is otk Aifficult and imprrtwt., Product plaaning cannot e coneilered here
in detnil, but the subjoct f mretom dosimm ~app ot be lisoussed withmt gome
intrduction t . the -~ mploy poress f clannins wl specifyings the dotailed

charstoristion f *ne podant,

3. Llist of typical product bjectives whinh £opw A framework for the
specificatisn and Wfiniti n of + s duct 20 be found ir table 1 bolow, CHst
roe not appenr o this 1.st FTIMArLl s berawds 1t 18 plirarily ~gsumed to be
A indepondent variable, ~pbitewrily st-blishod At *ro beginning. The process
f product definition and apecification 18 ne f Acterminin, the ptimum
compromis.e L cach of the dusired produ t characterieting thnt can be btained
within the epocified limits »f tHta} ~gt, Fop purnosce o f preduct dofinition,
the list in t1blo 1 must be subdivido! int - many nore Ltume than are shown,

szli i

¢t hijoctivos

W Maintonanne f funotion

Pnsscngcrs M~intcnance Hf appoarance

Luggnge Reliability

Jpeeinl
Freed m from unschedul . ! repair
Economy

Jtart: -
Operating Cogt

gagztg and rigslong
Puol

Lubricants Cr-gh injurs reluctinn
Maintonanee and ropair Structurecs and fucl tanks

Tires Interior desi;m and nassengor
Pixed Ciat restraints
Deprecintion Aecoident ~voidance
Insurance Brakcs
Durability Ei"‘"‘; "
cceleration
Component life Suspensi n and steering
Visibitity

Hnjor components ,
J po Fatigue reduction

E}us;me Air pollution eontrol

Chassis Exhaust pr-ducts
Renewnble itoms Crnkcnde and evaporation

Brakes Performance

Tircs Speed

Lanps Acceleration

Pantclts

Fucl pumps

Spark plugs
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Table 1 (cor.tinued)
Controllabilitx Comfort and convenience
Steering Ride, road noise, harshness and shake
Throttle Powertrain nnise and vibration
Brakes Seating comfort aid space

Heating, ventilating, cooling
Windows and doors

Heating, ventilating and cooling
Entrance - egress

Lights Power operated controls
Auxiliaries Miscellaneoue options
Appearance

Exterior styling and proportions
Interior styling and trim

4. The total problem of system design in the automobile can be expressed
in terms of a four-dimensional matrix of which table 1 is one of the dimensions.

The second is subsystem and component classifications which a partially sub-
divided 1ist includes the followins: |

Table 2

Vehicle su;ﬂstemu
(Bach subsystem includes from one to
twenty component subsystems)

1: BOdy
2. PFrame and mounting
. 3- Engine

4. Suspension

5. Driveline

6. Brakes

7. Transmission i 7 | |
8, Clutch s e 7’ Y e
9. TIxhaust S :

10, TFuel supply
11, Steering
12, Heating, ventilating, and cooling

13. Gauges and warning devices

14. Electrical system
15. Radio

1o

o1y
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The third is m~dc up of the areas of compromise for phrsical dimensions, Hr
what is known in th: industrv as "pnckaga". The fourth is th. arca Of fixed

and variable consts.

£5. This particular arrangement of total product roquiroments is well
adaptcd for cv.ontunl analvsis by computcr, althoush it can nover be expactad
that the computor will make final dusism dacieione an the gtrongth of such an
nnalysis without the oxcrcise Of judgemont, There is 1ittl. qu:stion that in
the futurc, computer annlysis will sive important nid in achi.ving the >otimum
cf these complox r:lationships. Th. vory act of quantifying the nany frotors
involved provid.s ~ uscful basis for the xercising of judimont.  Computer proe
grommes ~dnptoed to solutions H>f this tvpe of proolem will 6 ot such ~ notup
thnt cach programme will be strengthenod by the accumul~t d ~xpericne . of past
prograymmes.,  Id. 211y cach programm. would be roinfore.d by fo.ding in the ~etual
product uxpericnece aftor the cvent.  These will form n invalusble shocklist > f

product and production pmblims to bo avoidd in th futur. ,

86. A fow cxamplus will be piven of the kinds of interaction botwoen matrix
clements that complicate the procuss of systom desigm, Considcring th. matter
of fucl ceonomy for cxamplc, this itom must be compromis.d with - number of
other product objcectives, suoh am acc.l.ration, ungmine .xhaust cmissions and
all vchiele »bjoctives involving the addition f weight. Th. lattor includcs
carrying capacity, comfort and eonvenicne, most divisiins f saf.ty and
cmission, and appoarance. Tn the subsystem and componcnt o, fucl ceonomy
involves n wide varicty of considorations boginning with th. ngincg carburc-
tion, manifolding, ~nd valve timing in particul~r, ale) transmiseion and torque
converter 1osscs nnd ratinsy axlc ,s.ar friction and ratiorge ond rolling friction
including tirc losscs, aceodynwmics, and wheol ali,mment.,  Tach of these eompo=
nent arcas bears in turn on other obj o ~tives, A simil-rly oomploex sorics of
relationships ~ccurs in th. packag: dimension of whish the  ngin. compartmont
forms ~ typicnl <=xamplce, The basie dimensioms »f th. v.hiel. are t> some . xtont
est2blishcd by the longth, width, and hoight »f the ungin., which must be roe-
lated to the front suspension, stcoring ~nd cooling systums. Pnginc-driven
accessorics, such 23 alternaturs, air-conditicning compr.sa.rs, piwer stocring
pumps and air pumps for cmission controls must compoete for space with stoering
gears, power brakce cylinders, cngine epe.d controls, voltre rogulat re, storage
battiries, windshicld wipers and washers cte.  In this arca the demand for
compactness conflict sharply with 2 nced for casy accoss for maintcnance and

ropair.
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A The cost dimension has mary sublimensions of 1ts own, The need !
conserve investimerts in "20linz and farilition ronfliste with ptimum design
by dietating the iz sf TX1I8Ying ~omponerts - piwce 2f thoso mewly 4esimed
for the purpos-, Tie COMETOM. 8 ctwa v [ivod apd variahle OBt can te estabe
lished onlv b 5 priur WELLTor Of planned produtt e v o Lumes, [ndscd, tho
ntire process of Primam tosiam for 3 civer sogt ™al deronds on *he asgumnd
Planaing volume, siice 1+ (s HEYS soseisle ) produte more vehicles for the
money 4t 1 oree voiumes tran oat amall, Ales inol et (o g noet, fur purposees
f this liscusmion, .5 +r, entire arsa of matariale and pro~sesing, whish is
eimilarly depondent o PhLanming vilumes and tha CRoscn Pating botwaon fiyed
wid variatie soats, o amall vilumo protuction, for ~xample, it myy be
voConomioal to chnomse Eigher rogt mtarial amd - Lisher labour sontent in
order ty avoi] larpe investmornts ir tooling, aa fop sXple in the choie- of

piagtic body components var thosce 5% preasced Btoe],

. All of these deciming apo made in the area of product dewim, In
principle they can e made anly after cvaluation of anch factor >f the many
dimensiona] Boirix, and cach factorial docision should invelve A suttable
chaine of altomntives, Inr Practico this 1s mopre 1 £330l to be sousht than an
ent ~ctunlly whicvod; deci®iong rc more likely 5 be made by the cxtrapolation

°f put practicos plis the irtroduction of new desien fenturce for the accompe
lichment of s jop ol icntiven,

i, “he discussion of ptirum dosign would be incomplete witholt 4 warning

of the danpers of [ees than oplimun demign which is an ever prosent tendency
in wul larse sreuiizatione,

The £o1lowing mustating from "Systoms philosophy™
writton by Ellie 4nd Lixﬁh?if,y

i#8 Afored without £ ipther Tomment g

Mo of the mayp dangurs in ptimization of ono . oWInMeE
several altemmative avstoms o7 of ohoie wWongst altemative
dctnil A Lsigma f Sivn vt e ie that of poduction to
Puboptimization, It MY b that in eriterion s lontiong b1 ™
relovant fantop i Werwoish 4 4t the xopone. f S thops caqunlly
important, r thai & :m aubevet . m 18 ptimiz 4 pathop than thoe
verall systom, Por vXWEloy i oa businose p militwry rremnie
Bation it is All to» froquertly frusd that gom P nizational
subsyat.m 18 mor. rconc pnod with TRXImLZin porfoPtige. and
€rowth in (ts wm functi na than in furth.rin svopajl rEMiie
2ation Jbiotivee ., Tfortunatily, xp riine. indicatig that
in roolew.rld situsti ns suboptimizatig almagt invariably proe
elud & primizati n ™

b R,
4/ DPavid 0. Fllis wd Prod J. Ludwi,- (1%2) Syet.me il s phy, Prentico-fall,

pPpe.17~1%,
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In conclusion it may be said that the diffioculties in achieving optimum design
are formidable but *he rewards are substantial.

Product development wnd toating

€«x, Prodict dcsolopmert beprine with the building of component, praototypes
which are *cntod as mich g vo3gidle in the l-Yoratory and then agsscmbled into
component test vehicles., Ag nesrly »s thig s he 1one, bearings i¢ mind the
reTuiremente 07 the camplote evstem, oach S,Jbgvgtr,m “nd camponent is teated
in a vehicle which has well proven characteristics in other componant arcas,
Thero i8 2 tendoney in the sndustry £ minimize v ohicle tegting 1t all phascs
and to regort instesad, -8 much ne possible, t3 nnalytieal prodiction and

laboratory testing,

le Jophisticated equipment is besoming aviilab'e for the purposc of
simulating actual operatisg ~onditions in the laboratorys for ¢xample, con-
ducting performance and durability testing of complete vehicle powertrains on
the dynamomctor in which all conditions of engine load, Bpeed and transmission
shift positione are ~ontrolled by n mnster tape which hag heen recorded in an
actual rord test, Similarly, it ie poseible to simulate a wide varicty of noise
and vibration conditiona in the l~borator: frem = r cording of pover spectrql
density >f noisc and vidration over the ontire effective spectrum, recorded

from many locatione in the venicle over o trpical gection of poad.

Ve Testin, for durability and reli~bility can 1ikewise he simulated in
the laboratury, In theso arens the feodback from wwetual customer experience
is invaluable gince no Laborators test ~an simulnte actunl conditions of
operation quitc 80 aceuratcly 8 the st-otistical resulte of conpumer use.,
Por this rcason, the desirn of 2 product is greatly benefited hy the maximum
availability of information on vehicle rcpairs and component reoplacements with
actual lonzth of serviseable life and couses of tailure. The accumulntion of
this kind of information is suly one >f ‘he nany reasonsd why automobile manu-
facturers are finding 1% nccessary to becomc more directly involved in the

after-market servicing and repair of the vchiclos they sell.




D/WG.13/8
Page 36

93. The final stage of vchicle development arc conducted on prototype
vehicles that rescmble the production desigm in every possible respect. The
final evaluntion of 2 product is in many ways subjoctivo! and after all theo-
retical annlysis -ud Scientific laboratory testing of components ig completed,
there is still mueh Teft to be prover by tho sub jective eviluation of the
complete vehiale. o matter how many clny models mys have been viewed in

the studis, the fTinal ppearance of' the vehicle as i1 pina on the road
surrounded by its competitors -nd predecessors ig 2lways something of a
surprise, The (inal measure of the success of ny desigsn prosramme is the
product itsclf, and the degree to which it fulfills the requirements originally
specified for it,

I11. SIGNIFICANCE OF
IES

m

94. In ali nations, the automobile plays an important role in both mocial and
economio evolution, It providas traasportation of pPeople and goods with
unparalleled flexibility, Automotive transportation has not only implemented the
growth of the economy in countries whaere it has bheen 2vailable, but it ras
revolutionized the lives of the inhabitants,

95. In addition to Leing 1 useful instrument of transportation, the “utomobile
has become one of the most highly valued of pereonal possessions, It provides
its owner with freedon of movement over practiocally unlimjted distances, Neo
privilege is more highly prized by the individual than the privilege of travellin.

where he wishes at "hatever time suits him best,

9.  The individual values the automobile not only for what it can do for hinm
but also for what it is; A source of pride and aesthetie onjoyment, and a badge
of prestige. In its role of prized Peraonal possession, the autemobile has
acquired additional characteristics that contribute to the ease and lurury,
comfort and convenience, pride and iesthet.c 3atisfaction of its owner,
Aesthetic purists and economic utilitarians compiain that these thinrs are
frivolous and uneconomic, and they denounce the producers and designers for
them; but we do not live by bread alone and the common man values things

The demanda are the same no

People have seen the automobiles of

differently from the purict and the utilitarian,
matter where the automobile ig produced,
affluent and hignly developed countries, 50th in substance snd througzh media of
ocomernication,
automobile industry is not only a spur and 1 nucleus for ecemcmic development, it
is a source of nationa] pride,

They want the same thing. Thus, the pos-essisn of a viahle

 } O oC

9. The local pProduction of automol;.es in developing countries, in preoticelly
all instances, has evolved Vith tne importation of ascomblod autemobiles fres
highly industrialized countries, The first step in this evelution is local
assembly of components produced abroad.
output without increasing expenditures of lntermational ocredit, this has bees
followed by the local production of an increasing proportion of vehicle component-

In response to the need te 1norease
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The vehicles that were Origimally ingerted in the sssembled state were designed to
ve produced in large volume with expemsive and sophistionted facilities and tools,
‘ompement parte are highly atressed, requiring exacting control of material
Télity and the see of ighly 2pecialized materials, They depend for voth their
tarability and their performance oe highly specialised snd exacting prvsical
vroperties of fuels .mnd [uoricents. ALl of there thinge are either -besent or
present in much less degTes in the develuping country where production volumes

ire mall wnd material suppliere are neither highly specialized nor nighly
‘ralned,  As 1 comsequence, the dssigns of vehicles which are built 1n large
volumes in highly inductrislized nations are not, in geners!, suitabie for
oroduction in small Tuantities under a less sophiaticated teohnology,

e In practice, necause of the evolutionary nature of the change from
impertation to lecal production, the designs of locally rroduced veaicles have
derived from thore of the previouely imported vehicles mairly through 1 pieoe~
meal substitution of changed corponent designs, ithe very fact that these
'ehicles are being produced successfully i1z 1 testimonial to the aneryy and
ingemuity of these who nave evelved their design, It 15 easy to see hwever
that the eventual solution for this problem 1s the creation of unique designs
for local production. This fact highlights the need for iocal research and
jevelopment, In the lony run, the capability to develop lyeal designe, instead
of importing them, will prove to Le of as much ecomemic value to a nation as the
~ipability to produce the irticles themse . ves,

Pl To cite an exampie, a commercia’ vehiicle oab is Leing locally produced in

furkey, where programmes of high local comtent have recently been initiated. The ..

‘ab has undertody amd structure congisting of imported ateel pressin;r with doore
ard outer panels losally produced of fitreglass reinforoed plastic, It was
iesigned and develope! in Mrland by a specialiet who also trained = small nucleus
of engireesrs, technicians, and labeurers from the Nurkish manufacturer who had ne
Previous experience in the production ef any itind of plastic compoments, Prote-
type components were tegted .nd /alidated by the parent producer, ™he coet of
the entire prosracme including teoling waem about / per cent of the estimated cest
of engieering and tooling for volume proeductior of a 2irilar eab of all stesl
comstruction, Thie compoment nessed all the tests 16 vhich the all-stesl ead

is sudjected and weighs 5 pounds less,

ID/HG.IB/B
Page 39

Eg;@ gox_" locgl product requirements

100, Vehicles designed for operation in highly Jdeveloped countries are
primarily intended for ure on excellently on:t- sted roade and require con-
siderable modification to operate yuccecufiily on the muct. more primitive roads
that are found in less derloped countrie , ‘e 1cle otructural and chassis
nomponents, wheels and tyres must be larger ani more rugged; ground clearance
must be greater and more protection fLven to unuercar components for tie withe
standing of accidental impacts; engines, trancrissions and driveline parts must
be operated at lower ratings to permit the use of less specialized fuels and

lubricants,

101, There are many indicitions that in the future unique vehicle designs will
be created to meet tiie product and manufacturing needs of developing nations,
where it has been necessary to have a high percentage of the vehicle locally
manufactured, At [irst glance it would Appear uneconomic to engineer a complete
vehiole for such limjited quantities as most of tinese markets demand, ilowever,
the peculiar requirements of design for local production have already required
such extensive vehicle design changes that few of the advantages remain of
utilising the designs originally created for i.rge volume production, Thie in
particularly true of chassia and body parts, while less true of complex mechanical
components cuch as engines, tranemissions and wxles, Since the chassis and body
parts are the same parts that require modificuations for local product requirementc,
it may be seen that the pressure for unique product designs for local operating
oonditions and markets is in the same direction 28 that for unique product designc
for local produ~tion and materials, Thus, tiie creation of locally designed
produota will not require at the start a capability for the entire spectrum of the
vehicle deaign, The muccesses of the design changes already made in many of the
developing countries demonstrates that the needed capability, to an important

degree, now exists,

Balding s capebility for the futyre

102, The building of o capability for automotive research and development must
bo regarded not as an teclated programme, tut as part of ihe over-all programme
for the development of & 1o0al technological capability. Indeed, the automotive
mmufacturer 4raws upor so many szegments of industry that its own needs canmot, ir
the loag run, be satisfied witrout the asccospanying development of the wider
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technology on which it is dependent. One cannot deal adequately with so vast a
subject as the building of 2 viable technology in so short a discussion as this
paper presents., It is possible only to offer a few helpful Suggestions on the

building of a creative desimm capability.,

103.  The most important factor in any technological organization is the quality
of the people in it, The need, from the standpoint of those who cdirect the

organization, is that eacn individual be employed in a manner to give the maximum
utilization of his talents, This appears a very simple matter, but in fact it is
dif*ficult; and very few organizations make efficient use of the technical talants

of the people they huve,

104. On the other hand, in the continuing effort to improve the capability of a
technical oerganization, one of the most widespread mistakes is to decree that all
the people in it shall meet a high standard of ability and training. This is &
mistake, because there are many tasks which do not require these high standards,
and there are man, individuals who cannot meet them who must be usefully employed.,
Consequently, one of the ohjectivers is to make sure that pecple are not under-

utilized and that tasks are not over-evaluated,

105, Much is written about creativity and much emphasis is placed on techniques
for minimizing the effect: of the inhibitions that stand in the way of’ expressing
and acting upon novel and useful ideas, In fact, creativity is not as uncommon as
1t is often stated to be, Yhat is uncommon is the combination of creativity with

an adequate capability {or anulysis and the self-discipline to use it., An active

and creative individual who lacks this importunt qualification can be an unmitigated . '

nuisance and a disturbing influence in a technical organization, He brings forth

1 flood of ideas that o moment's analysis would show to be fundamentally fallacious.
He will not accept a thecretical demonstration of this, and even the results of an
experiment:al demonstration, he will continue to feel, can somehow he changed by
tinkering, Such an individual invariably feels that his talents are not Ziven
proper recognition. It is therefore necessary to asik of a creative individual not
1f he has new ldeas, but rether how many of his ideas have resulted in useful

technical developments.

Lo, ‘he foregoing points to another fundamental of successful direction in a
research and development organization, This is the requirement that the organiza-
tiof® fucilities for theoretical analysis and experimental design and development

be most efficiently utilized,

There will always be more proposals and more ideas
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put forward than the Organization has the facilities to carry through. These
must be evaluated as carefully and as completely as possib’e before cxperimental
design and development ~re undertaken. The ultimate responsibility for decisions
aB to which projects wil! be undertaken rests wiin the director of tje orzanizatior,
Since facilities for theoretical analysis and computer simulation of experiment arpe
not unlimited, it ig unwvoidable thet considerable Jjudgrent enters into the macing
of these decisions. The exercise of this kind of judement ir one of the twe mort
important qualifications of the leader »Hrf subsidiary groups within the orsanizatior,
The other is, of course, the ability to Jjudge the capability of peopnle, In maxi-
mizing the capabilities of the organization, both theoretical and experimental, it
i8 of the utmost importance that organizationzl leaders be able to identify the
oritical problem inherent in a proposed development, to identify an aren to be
given extensive analysis, or to design a crucial evperiment, the results of whi.h
can then determine whether or noY to proceed further. This has been c1lled
"spending a penny to see if it is vorthwhile to spend a dollar"., Those who spend

their pennies wisely can avoid the neecdless expenditure of many dollars,

107. The research and development component of the automotive industry is only
a part of a larger body whose primary objectives are economic. This fact can
never be forgotten by those who are Primarily responsible for the direction of
the technical organization, They are required to recognize that no objectives
can be purely technical., =very technical man has to strugegle with tiis fact and
face the need occasionally to turn his back, however reluctantly, on certain
projects which wculd have given resultc that vould have provided great satisfactior
for the technical people, On the other hand, those individuals, often non=-
technical people, who have the larger responsibility, must cull upon themselves tr
One of

these is the need to reward technical ability with appropriate status and material

accept certain measures which fill important needs fer the organizatior,

compensation, Able technical people are too seldom efficient ranagzers and
effective entrepreneurs, On this account there is 2 special difficulty in
pPlacing sufficient avle technical people 1in organizational positions where their
technical 1nsights and Judgements can best be utilized, The managar of a4 research
and development BToup must have certain abiliiies as manager and entrepreneur.
These abilities are themselves rare enough and in combination with adequate
technical ability they are even more rare. Consequently, circumstances often

require that hanagers be appointed who fall short of the ideal combination of the
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two, In such circumstances, iv is wise to divide the total responsibility fer
one of whom has ability as manager and entre-
Depending on personal

lirection between two reople,
preneur, the other the toechnical Judgement and capability,
ftature, leadership ab1lily and sciiority, one of t)ese people would have the

7+)or responsibility, the other weuld be his ass13tant,

1rt there muast alac pe organijzational nositions for purely technical people

at 2 sufficiently high lcvel to utilize their judgement in the making of decisions,
and t2 allow them to communicate without undue formality with those who have
respensibility for impoartun. tecnnical uecicions, These provisions seem to be
expensive and it 1s often difficult tor non-technical general managers to agree
that they are justifriad, However, awn orranization tna: has at its disposal the
btest possible technie- ] udaoment can be twice 1 effuctive as one taut -loes not,
‘he success of the entire orzrnizaticn in accouplishing its economic oL jectives
is directly dependent on the Fuccesc ol its research and development departments

Tnvesiments in improved technical capability

in creating the best pos. ‘ble desiga.
pPay very high dividends,

q*__————————T:3--.....................llll.lllllllllll
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