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OVERCGAING RARRIERS IN RED COUPLING

ARTHUR A. EZRA
Chairman, C2partment of Mechanical Sciences
and Environzental Engineer. 3z, University

of Denver, Denver, Ceolorado

b

F’;:{ E FA‘:E [ I | k) LI I | f L T LI B [ . ] [ S | L] L LI I | [} L)

~

l ] I Tﬂmwxm! [] L] L] ) [] ] ] $ L L) L3 R ¥ L] L [} ] [} ] ¢ » L}

Il BARRIERS TO COUPLING v + v v 4 6 v o o s v v v 0 s v n v
MANUFACTURING BARRIERS N
ENGINEERING BARRIERS | &, 0 v v v o v b o v v v v v \@

MANAGEMENT BARRTERS

DEVELOPMENT BARRIERS

[ I A A | [ | [) . s “«. ¢ 0 LI 2

1, MANAGEMENT PROBLEMS AND RECOMMENDATIONS , . . v v 4 & v &

—t
WO o0 O

KV“(’:(:”%'LUS]‘WS.‘nlllﬁklllnullﬂil!ll‘




R T =

o

Etma SRy g S iy

g

R i T

NeTT

5

PREFACE

fiiis paper was presented by Dr. Arthur A. Ezra as nis contributien
to the 1969 OAR Lectures on RED Coupling and Informa::on Transfer.
Tue lectures are calculated to foster and stimulate the intellectual
curiosity of Air Force R&D managers, and thus pave the way toward
more rapid applicati-ns of scientific results te practical purposes.

Just as we need to spend energy on moving things from one place into
another, so it seems that the speedy and successful transfer of new
knowiedge into practical applicatic~s cannot be achieved without a
considerable jnvestment of resou.. . and intellectuzl energy.

or, Ezra's experiences in sceking the industrial exploitation of
high energy rate forming technioues vividly illustrate the validity
of this proposition.

A maxber of Air Force people who missed the lecture asked me for
copies of the talk. By publishing Dr. Ezra's narrative we wish to
satisfy this demand. Moreover, we hope that the publication will
rrovide a stimulus for a much wider discussion of this subjzct, and
thus insure that the knowledge derived from real-life experiments
in coupling can be applied to government and industrial technology
transfer efforts.

7 woid like to express my deep appreciation to Dr. Ezra for his
contyibution to this field. His sponsors at the Department of
Defense Advanced Research Projects Agency (ARPA), and the U. S. Army
Materials and Mechanics Research Center should be congratula :d foi
a unique and enlightened method of contracting for research which
made the gener~tion of this knowledge possible.

14 March 1969 ALEXANDER G. HOSHOVSKY
Information Studies Division
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OVERCOMING BARRIERS IN R&D COUPLING

BrTHUR A, EZRA

INTOODUCTION

In 1964, the Advanced Research Projects Agency of the Department
of Defense requested teams of Universities and private cumpanies
(or government research Llsboratories) to submit proposals suggesting
ways and means of bringing about a direct coupling of science and
technology.

Thi. request for proposal struck a responsive cuurd in me. Al
the Martin Company, where I was manager of a research laboratory at
the time, I had been acutely conscious of the problem of converting
the results of research intc techno’ »gy. Many good papers for the
scientific and technical yournals had been coming out of the research
organization, but hardly any new technmology or new products.

The ARPA request for proposal gave a new perspective to what
was becoming an old problem;' In effect, it ccmmanded would-be-
proposers to do some fundamen..li thinking about the coupling of
sclence and technology, and made 1t obvlous that the usual cliches
aboul the management of research would not be acceptable. It lerft
open thc cheice of a research program (provided it was relevant to
Materials Science) but em has 2d the conversion of res..sch results
into technology.

A winning téam effor: composed of the Martin Compeny and the
University of Denver chosc the technicael field of high energy rate
forming »f metals sad adopted the most siringent definition of tech-

nology - an eccnomically viable process in actual use not Just a
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technlcal report wnich could be used by others. This was a much
more difficult task, hut an infinitely more rewarding one.

The surategy for the execution of the contract was as follows.
Applications leading to the estehlishment of r-w technolegy would
Ve sought as spin~offs from the basic coniract, getting the reguired
suppert from the users who would benefit from the new tecnnology.
The basic ARPA contract money would be spent on the research that
would make the applications possible. There were many goced reasons
for this approéch. First of all, the cost of developing the ap-
plication is at least ten times the cost of the research program
that gave birth to it. Secondly the potential user will take a far
greater interest in the application if he has a stake in it. Since
the basic ARPA funded research program was directed towards antici-
pating and solving problems that could arise in applications, it
acted as an insurance poiicy, and was very re-assuring to potentisl
users of our proposed applications. Wﬁgt sterted out as a necessity,

therefore, an2tually developed intc & virtue.

BARRIERS TO COUFLING

The first coupling goal we setourselves was the use of an ex-
nlosively formed 10 ft. diameter dom~ for the Titan II Program.
The Martin Company was the prime contractor of the’Titan Il Program,
and & need has been felt for one-plece weld-free domes, which were
being made of 2014 aluminum alloy. Under the stimulus of achieving
this goal, we bégan to realize that there are natural barriers

between scienc~ and technology. The proces~ of cvercoming them -

the innovation process - is a complex, malti-disciplinary one,
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requiring many diverse skills - marketing, selling, finance, law
and even psychology.

The first step we took towards this coupling goal was initiated
even before the ARPA contract wes negotiated. This was the attempt
to convince the potential users within the Martin Company, namely,
the manufacturing division, to explosively form 10 ft. diameter
domes instead of weiding together a number of indiéidual.segments
formed on a stretch press.

l. Manufacturing Barriers

The barriers to innovétion in a manufacturing organization
were observed to be the following.

a) Specifications

Specifications are intended to ensure reliability and repeat-
ability in a manufacturing process and are a very importsni quality
control tool. They are als0 a formidable barrier to innovetion. A
new process is expected to conform to the specifications that were
developed for the old process. Everyone has forgotten how the pre-
vious specifications came 15%0 being, namely, after it had been
used enough to determine its reliability, repeatability and the
factors which ensured them. The new product or process can show nc
data on reliability or repeatability until it has been used often
enough. Hence a specification for the new process cannot be written,
thus making i+t unacceptable.

b) Costs

It is not possible to reliably estimate the cost of a new

process that has never been used in production before. This makes



it difficult, if not impossible to prove the economic benefits of
the new process beyond all reasonable doubt.,

c) Cost Accounting Systems

Cost accounting systems are not ‘set up with innovation in
mind. Hence it is almost impossible to determine precisely the
cost of an existing process which is part of a manufacturing
operation. This was the case for the Titan II welded domes.

Only estimates of cost could be made, and for comparison with new
technology, these estimates of existing cost elways tended to be

on the low side. For example, the estimate of the cost of producing
a welded dome that was presented at a meeting for evaluating ex~
plosive forming was a'good deal lower than the estimate of cost
presented at another meeting for replacing & dome on an existing
pressure vessel.

d) Risks of Innovation

There is the ever present.fedr - well founded - that new
technology will always have unanticipated technical problems, and
even if technically successful, may not prove to be economically

successful. In the case of fallure, who in the organization will

take the responsibility?

S

However, these apparently unsurmountable obstacles in manufactqr-
ing can all be overcome by a single expedient - call for the new
process in the drewings. This relieves manufacturinge, which is
trained to'follow drewings, from all responsibility for a potential
difficulty or f;ilure. However, it merely passes the prc :lem from

the manufacturing Jevel to the engineering level where drawings are

made,




2. Enpgincering Barriers

a) Confipuration Control: This organizational system cxcrcises

complete control over eny change that is made in a drawing once it
has been approved., The system is inﬁended to ensure the internal
consistency of engineering drawings and their compatibility with
manufacturing tooling and procedures. The strongest justification
is required befors a change can be made in an approved drawing.

This built-in resistance to change constitutes an almost insuperable

obstacle to innovation.

b) Schedule and Costs: A project engineer is concerned solely

with meeting the required production schedule and keeping within
budgeted costs. Innovation is a threat to both, and will be fought

tooth and nail by a project engineer. He is well aware of the un-

foreseen technical difficulties that can arise with a new process,
and recognizes that his goals are Incompatiblie with those of in-
novation.

The only possible way to overcome the engineering barriers to
innovation is to conduct a parallel development and qualification
program in which the new process or product is brought to perfection

before it is allowed to replace the o0ld one.
Such a program is very costly, and therefore require:s tir:
support of non-research management at a sufficiently high lev-l.
At this point, the crucial role of top management in the coupling - é
of science and Fechnology becomes evident., !

3. Management Barriers

&) Reporting Level of a Research .ruanization

If the research organization reports at too low a level



ot management, the innovation process - the coupling of scicnce to

nechnology ~ cannot be initisted. The support of top management is

essential.

»

b) Hiph Cost of Innovation

The cost of innovation is quite high - at least ten times
the cost of the research program that gave birth to it and maybe
more. The temptation to fund several research programs instead of
one major innovation is hard to resist.

¢) High Risks of Innovation

It is impossible to foresee all the technical difficulties
that can arise and there 1s no guarantee of eventual technical
success. There is also no guarantee of economic success. even if
complete technical success is achieved. The worst hazar: of all
is the impossibility of accurately predicting the total cost.
Decisions to continue a program have to be made every step of the
way, and the further along such a program is from initiation, the
more difficuli each succeeding decision to continue becomes, until
the end is almost in sight.

In our case, the coupling goal of explosively formed
10 ft. diameter domes for Titan, did receive support at a sufficiently
high level of management. However, sufficient company funds to do
the entire Job could not be provided. Encugh finsncial support vas
given so that the feasibility of explosively formed domes could be
established. On the basis of this data, the Air Force funded an

improvement program which paid for the cost of a parallel development

and qualification progran.
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conclusion, enough difficuities arose tn reveal the existence of

wroject people. HUnfortunately; the reguire

of vechnical
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rowledge L8 not pessed on Yo the project pennie. This has sericus
cunsequoncss when unsnticipated technicel troubles begin to appesar,
&z “hey must, in this stage ol developmenti. The traditional project
enginser i¢ atiuned o Qsts ané scheduler,; and 10 ad any poliut L
Time it spprears that antigipaved caave and dohedules will be ovaerrun,
he will unhesitetingiy rscommend sencellaiizs of the pragsei on the
grounds thei it was prewsture, thus shifting v.e onus of fadlluze
Trom his own shoulders.

v il fe. s0% dppreach nus be ased o overcome tnis Lerrisr.
The develoyment pregsm musy be preceded by a carelul training

prograe conducted by the rosearch pevpie.  The propefed projeat
engineer and other Xey %=chningl people on the projsel should e
trained and qualified hefors they ar glven the responsibilitvy of

the develcopment program. Traditional attiftudes of project managemant
have to be changed. The existence of unforescen technical difficuliies

zu2t be sccepted and hudgets for coatingerncies must be provided. The

ressarch responsibility which is reducad to an sdvisory role, musi

5111 retaly & vweton power over Lechinichi desisions.
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U, Jrocuremnent Barriers

A new precess or product may require materials Ox Cohi-
ponents thet &re not readily avesilsble, or inpossible to gevn.
Substitutions mugt never be accepied until their full ccnseguences
can be evaluated. This often cannot be readily done because there
i& not enough depth of knowledge behind the new preocess. LEvery
procurement cozpromise must be reg rded as a potential difficulty,

[

and it is often better nct tc proceed with the new program until

it is resclved.

c) Survival Barriers

\

A particular application that has been clicgen for a
development program mey prove to heve only marginal economic
bepnefits or none &t all. OSimce it is always cheaper and faster when
something is done for the second tiﬁe, due we.ght must be given to
the «ffest of learning and experisnce on future costs. Since this
ig hard w0 quantify,. it is wise to immediately seek o%her applications
vaesy o the original one so that the effects of sxperience on cust
can be danonstrated in a tiﬁély manner. This was cur experience on
the explosively formed Ultsn IT 10 ft. diameter dome. The Lenefits
were marglnes, val inmediate susseqeent sappiicatinon of itails knowledgg
to expdasively form 5 £, dlamcter domes for wnother migsile program
i the Hartin Cowpany proved Lo Le better and cheaper than spiuring.
This enabled axpiucsive forming to gawn & more durable feothold in

the Manudaoturin

4

& Division, where 1t is now accepted as a forming

procens .

Siace asi epplleaticng caunct be sniformly successiul, a

s s




lEW LEONNCLoLY musSt Xeep expanding in order o survive. In oraer

L0 expand, it needs & steadily incressing number of frained perscrnes.
A University plays & xey rcle here, since one of its mejor functions
is teaching. The basic knowledge of the new process has to te im-
parted tc students, wad can then be assimilated inte the expanding

technology .

MANAGEMERT PROBLEMS & RECOMMENUATIONS

Simipg: It is always difficult to determine the epprcpriate moment
te begin the coupling process, i.e., @ begin trying to apply the
resulis of research. If the effort is made to¢ soon, problems will
certaianly arise and there is the feax that the emerging new tech-
nology will be dubbed a Psilure.

Experience has shown that unant.cipated problems will always
arise, no matter what the timing. Mgnagement just has to adjust
itself to this, if it wishes to make & seriocus effort to couple
science and technology. In & research environment it is impossible
to foresee every technical difficulty thet will arise when applica-
tions are attempted. The coupling program Jjust has to pri-ride for
ananticipated difficulvies, and must be prepared to send the program
back to research if ﬁeeessary. This does not consitute failure,
si~~e the technical problems of converting research results have to
be identified beforé\they cen be golved. Not only will this attempt
at applications identify the problems but will give a new perspective
and fresh outlook,to the resesrch program itself which it would never
have acquired otherwise. It will alsc provide a useful training
process for those who will ultimetely have the responsibility for

the final developwment program. ;

10
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A formal effort must tve made, however, to iransfer all tre
Knowieage tnat is possicle rom research %¢ the project people
before the coupling eficrs begins. This will ensure that a learning
experience snd not a traumatic experience will occur. This transfer
of knowledge will not b easy. Kesearch people will have to divert
their efforts to teaching, incomplete scientific knowledge will have
%0 be put n & form that can be assimilated by people with a lesser
depth of know.edge. Unless there is complete acceptance of this
olan of acstion by the pecople irnwclved, snd a thorough undersianding
of its reasons, thers will be strong resistance svery step of the
way .

In the last analysis, the sttempt to couple will provide
valuable data for a management decision to either give wholehearted
support or t¢ wed out & particular resesrch program. The sooner

such a dec¢lsion is rnde the better.

Selection: A research director will be faced by a bewildering variety

of choices when e tries 1o select a research program to initiate the
coupling process. Nobody cen possibly have the required depth of

knowledge in all the varicus disciplines respresented by the research

programs. How, then, ia it possible to choose wisely? First of all,

hie must accept the fact that ne matter which program he chooses,
troubles will develop, and that the purpose of making this selection
is t¢ identify the difficulties. It therefore makes no difference
which program he selects since these cbjectives will be met by any

one of them. The only differerce is that some will run intec troubles

socner than others. If the coupling program is designed with the

11
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neesssily of a strategic withdrawal in mind, i1t carn salely ve
predicted that every coupling program will go according te plan.

Lvery year at least one research program should be singled
out for specisl attention to initiate the coupling process. This
will help to iden.ify those research people who are latent entre-
Preneurs and whose research yrograms will consequently have a
higuer probability of success.

It would be wise for an sedvisc 7y or review committee Lo help
selec the research program. This not only provides the benefit of
different points of view, but also shares the responsibility for the
risk inherent in such a program.

Orpanization of a Coupling Program: Experience on the ARPA cov_ ling

Drogram shows that & three way team effort, with government, industry
and university participation is Luth loglieal and fruitful.. Because
of the high risk and the large amounts of money involved, the goveri-
ment i8 involved by necessity, as it has been in the past, in all
new technelogiral developments of any significahce. In this case
however, the government contr;ct monitor must be a well gqualified
technical man, as the role he must play goes well beyond the con-
ventional bookkeeping ~-e. He has to participate actively, by
helping *to ildentify potential applications for the research resulis
within the government; he must arbitrate disputes between the industry
end univesit team members; and he must take responsibility for the
unpleasant but necessar task of pruning and triuming the progrem

/

as it proceeds.

’ | .




R v ool

TR 2 S A ST R e b, o x b

The University role in such e program is to provide the necessary
depth and breadth of scientific and technical knowledge, and io
gererate the Sugply of trained «ngineering students who will ve needed
for the new technolosy to survive and grow. The University role in
systemetizing and disseminating the new knowledge is essentisl. 4
coupling program must therefore provide for this information dis-
semingtion and educstional task in addition to the research efforts.

The role of the industrial orgeaizaticn ig obvious - it is the
user of the new technology.

CONCLUSIONS

Tre princinles of coupling that have been generated »y this
ARPA program need to be put to the test. Only after a specific
test case will there be enough conflderce to encourage their wide-

gpresa. use by research management.
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