e

402992

AXD THETR DPLICATIONS {UR COMTEACTING

<
-
L
.
o ] Thomes K. Glennsn, Jr.
£y
s i
c
£ March 1963
=3
5
S -
ini‘i'
RS
'
- pom7
) ®



SOME SUGGESTED CHANGES IN RESEARCH AND DEVELOPMENT srmm
AND THEIR IMPLICATIONS FOR carrmcrmc
Thomas K. Glennen, Jr.
The RAND Corporation, Santa Monica, California

The Air Forces' ability to perférm 1t_s missions in the future
decades depends critically upon the research and development it is .
doing now end will do in the imediate future. The importance placed
on these activities by the Air Force is indieated by the fact that
some $3.8 billion has been requested in obligational authority for
Fiscal 1963, some 34% of the totai procurement and R&D budget.
Because of the importance of research and development both in terms
of the future capa.bilities of the Air Force.and the qua.nt:lty of
resources alloca.ted, RAND has for some yea.re been studying the R&D
process with the objective of seeking better ways to conduct such
programs. This talk reports some of the notions we have formed on
the basis of a con"siderabl.e number of case studies of Air Force
development projects. The bulk of these studies have dealt with
aircraft de;velapne:;ts, airframes, engines, and electronics. The
generalization of them to .missile and space systems may be somevhat
risky but. our casual obsemtiops lead us to believe i‘.hn.t many of
our findings cppqy equally well. It should be emphasized that we

* Any views expressed in this paper are those of the author. - They
should not be interpreted as reflecting the views of The RAND Corpora-
tion or the official opinion or policy of any of its governmental or
private research sponsors. Papers are reproduced by The RAND Corpora-
tion as a courtesy to members of its staff..

This is the text of an informal talk given to a seminar forthe
procurement peroamel of the Space Systems Division in Los Angeles,
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are concern.éd la.rgely with i‘.he develop;nentoof systems that wills °
a.c;tu'ally' enter tlie weq.pons.inv_entom. " Thus we are no;a considering -.
the proSlem of how to conduct programs simila.r in scope 't'o' i;he X-15 ‘
progran 'but rather’ ones’ a.kin to the B-70, Minutemn, and Tita.n III
wvhich haVe or ha.d high expectations at the beginning of their developo

ment of becoming production items.

M s , . 3

SOME SUGGESTED CHANGES IN BED STRATEGY .. . .

e ® .‘)

_ Throughout this discussion I will'dévots a gréat deal of a.tfen-
tion to what I sh&u. call advanced experimenta.l ha.rdwa.re or prototype
developments. . 'I‘hese words ha.ve many - varied mea.nings 80 let” me spell

them out a bit more clea.r]y This type of ha.rdwa.re should have the .
following cha.x-acteristics- " o .

©  Primary effort should be a.imed at getting test a.rticles
which Tesolve ‘the techmlosical uneertainties in'a desig
solution rs.thsi‘_ than in obtaﬁhg an s.i'i:icie wh_ich is an * .
" exact in.nge of vhat the final édr.xr;igtmtiqn. is th°“¢’“? 1?'00:‘ .

be. - - ) . Coe s

° Speed. in getting these test e.rticles is mnpha.aized. . '
©  'Al1 possible efforts shoutd be made at mintmizing costs e°
in those areas which do not eontribute to the successf\n

L ta.brieation of the test srticles.

"9 «rittle or no ett‘ort should be atmed at zmpimnentmg the -
production of the system pptor to its testing. - R
, - PO '
‘With s$hese notions in mind let us turn %0 our suggested changes. ®
Thete are pethaps three shifts in emphasis implied in our suggestions. o .
Flrst ,a grea!w increaged !se of prototypes oy advaneed dewfelopmental
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’),,“’design or designs shi;_yld be selected for further development.

. ’ °
hardwvare of the sort I have mentioned would be emphasized.

-‘3..

‘ .
The

efforts imt into this phase of the development are purely and simply

'al.med-a.t resolving technical uncertainties inherent in hardware which

Jwill be able to perform the nissmn in’ question.
@

The second shift in emphasis which we suggest i{s an lncrea.sed

-

number of paral‘.lei component developnent programs, of the sort 3 ha.ve

outlined. Given the ﬁmiteéi research funds avatlable, such an

2ncrease .depénds in an important vay wpon the reduetfon in the 'qost
: ‘ ar

of any sim.;le progranm. -
!@have suggested will be considerably cheaper throd.g‘n t%e testéing-O

‘ ®
And it 1s at the end of such a %est program that the best
@

@
stage.

emphasize that at the end of this testtng phase the designs are in no
.

sense completely developed. What you do have is a design in which

you have suffietent confidence to allow yow to go ahead full speed on

a development effort, and you have good information to help in

ehoosing the particular ‘design for such development.
3

F‘ina.ur we would propose that a mueh deereased emphasis be

2 mist

I think that programs conducted in the fashion

L

piaged on Weapod system activities in the early phases of the develop-

fhent.

the desfred capabilities before sysh éomporients are wedded into
: ‘o i . :
syfstemsg oo . ©
' ° o
Setittng these tdeas L8 a®somewhat different way, we would view
(=]

the develdopment ﬁrocess as having three stages. The first stage

e .
would Pe the generation of proposals by the manufacturers eompeting

for the fevelenpent responsibility. These °proposals should in el

[

‘l‘heeen;phasis should be on developing components which demonstrate
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submitted. The second phase would Ye the building ‘of expedited

‘ development hardware ‘with the cha.re.cteristics I have mentioned. If o

the budget allows it, there would be the de?elopment of at lea.st two :

different design solutions. on’ the 'ba.sis of the testing of this

ha.rdwese a design ‘would be selected for fu'ther development and

" production implementation. This my be contrasted with the ‘present

system which is essentie.lly two sta.ges, an. extended paper competition
and development and produetion implementation. of a design chosen in
, ® . ‘

this pa.per competition. .

These ideas imply a process very much 1like’ that used in "the
0ld lays" a.nd indeed it is. We think tha.t & bit more emphasis ehould
be placed on the expex;inxental e.speete of the development and & bit
lese on achieving a finished piece of ha.rdware than seems to have
been the case in the old prototype -prograns but besiea.lly there 4s
Fittle difference. But the inereased emphe.sxs placed on weapon |
system responaibility and concurrency grew out of shortcomings ox;
supposed shortcomings of the old system end. vith some good reasons.
We do nut mean to suggest that these concepta be. aba.ndoned entix'elyo
What we do suggest 1s that they not de bmght to bear until a.fter
the’ seeond@pha.se of the development. untu after the teehnl.ea.l
characteristics of the design of the various components are well
understood. The prodlem with wespon syetem developments hea been
that the charecteristies of the component subsystems have urtuauy

alvays el;anged in the_‘9 course of tl_ze development pro;esa neeess;tot&ng L

11kelihood be considerably less detailed than those presontly being "

Cng
%

extensive and expensive changes in the othex, eubejstens.to cempensate T

‘o
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THE BENEFITS OF SUCH AN APPROACH
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for such changes., Our auggestiéns amount to eJ;pediting the resolution
of such t'.echnical uncorti.;nties before attempting to optimize a wéa.i:on
system design. The same 13 true with concurre.néy.. It 1; inportant
%o have the matn technical par;.meters well in hand before beginning
the 'concurzjent design of faciiities and support equipment.

An approach such as ‘the one we auggést places considerablg '
responsibility on the Alr Force to see that a group of component
developments are undervay 8o that whe_p it does come time for the
fea.pot_l systenm Mtegratxop to begin, sultable components are ava.ilable.
In.;')a.rbicula.r, 1t probebly means a con;idembly. larger and eontinuing _

g¢omponent development program.
Q‘

What would be the advanteges of such an approach? In large
part, the advantages depend on what I conslfer the most lmportant
single factor in the development process -- uncertelnty. There 1: | °
fnceruinty as to the strategie emdronmenf the weapon wi!l’fa.ce,
uncertainty as to the technical performance of the components of th.e-
system, and there is uncertainty as to costs of the gystem eomponents
and hence of the system itself. How @hen do our suggestions help in
facing such uncertainties?

f‘irst, our approach vill tend 40 provide ®etter &nformation at.
an eariier point in ¢ime and, hopefully, at a reduce.d eost. The
technieal feasidllity of a design solution and some implications for

costs should be dettef understood after the early tests are coﬁpleted‘.

‘On the basis of such tests the most promising design solution can be

picked for further development. Moreover, in cases where parallel
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approaches have been taken, there 1s some insurance against the
) tedhnolbgiqal,uncertainties 1nhe£ent in a particular design.
Tlixe mcre.'ase.d. use of advanced developunent'a.l hardware should
. a.lso lead to & broadening or the technological base of the defense

. lndustryﬁsmce a wider range of projects .could be undertaken. Th:l.s‘

’ has the advmtage of providing a hedge against environmental uncer-

- :'ta.inties, the uncertainties of what the future threat will be.

- 'I'hua weAwouJ.d have been better prepared to meet the challenge

ot the shift in euphasis from the fighting of central vars to ©
. tighting of limited wars if we had not let the technology needed
for such activities la.ngu:.sh for several years in the late 1950s.

" The reasons for this are many and varied but in large part I think
" are due to the fact that it vas felt that the only vay to develop a
' sy.st'ém?m'the weapon -system-concurrency route and that any such
development @inirqlirgd;w hund.reds of milldons of dollars. In a
s&se» our d&velopiﬁenf phi:oﬁopmr priced these developments out of
the market. ‘In éontmt, had a broad based techﬁological program in
the areas o.f engine, guidaxice,l and airframe development been under-
- way, we would have been Able, when the need arose, to enter into a
wveapon system development with a msmbly well understood tech-
nologr inherent in the advanced dmlopnantn bardware.

A closely related benertt 1s the improvement in decision
.making which might accompany such a development program. Decisions
are often slow or wrong because of just the uncertainties I have
been mentioning. Consequently, the quick resolution of uncertainties

at & reasonable cost should promote better decisions on which system

.o
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t0 buy. But an equally important consideration is that the lower
initial comitment together with some hedging through pemll;l
development makes the initiating decision somewhat easier. This
should lead to the more timely initiating of development projects
and hence an earlier resolution of the teclmical uncertainties I
have mentioned.

The use of advanced developmentel hardware has one further
advantage for decision making. 'L‘he@DOD calculations used im choosing
among alternative wea;pén gystems seem to be largely based upon
tangible mission effectiveness measures, emphasizing effeetiveness
criteria which can be measured at least conesptually. They may well
leave out a number of importgnt inta.ngibles. It 13 my feeling that
& number of operating pleces of hardwaxre whieh can dmmn;tmte some
of the intangibles of flexibility, eontrollability, and intelligence
would be much more effective in presenting' the Alr Forces' point of
viewv than the simple exhortatiens of high level command officers, or
The RAND Corporation for that matter. In Sum, sueh a component
prototyping program would make the planning of both the Airy Fbrc:
and the DOD more realistic and flexible. And to the extent that the
Air Force is given enlfa.nced control over the RE&D budget, subject
only to general guidance from the DOD, such a prbgram would regain
some of the initiative in development activities which has recently
been lostt'.9 to the DOD. : o.

(]

Finally, since these proposals imply more development projects
of a creative nature, they offer the possibility of reestablishing

same of the useful competition which seems to have been lost in the



e ?such 8 de\relopment vould be- successful It alloved the disca.rding

-
defense induetry in rocent years. Bopeful],v the rine art of
brochuresmenship vill become leu importent} end the cctue.l delign

will become more inmom.nt in the minds o: the compe.nies in the

defenee industry. It is said thet good engineers lose their cree- {
. . iy "aé =.. .
: htivity 1¢ they a.re not kept busy i

aeml. engineering a.ctivities
'_end this propoee.l hu the merit of providing more‘ectunl design end LR '
! deve).Opment work thn.n ic being prorvided vith the preeent development h

s polieie-.

- Let me digreu for a moment to mention one or two exa.mpies ot e
o the kind or progre.m that I am envisioning. They are reletive],v rew |
‘and far between. B-h’( is a good exe.mple. Fbr leu thsn $20 |
million, two prototypea vere built’/of wha.t wag then a re.irly redica.l !
'._design with considereble uncertcinty as to itl performnce cl'n.rnc- '3 . ‘ T
) gteristics. Thie $20 million vas’ in no sense the total development . o <
' ‘ co-ts, in ftct 11: my be looked at s e.bout 15$ or the dmlopment . |
":f costs.A Whnt then did the prototype pravide? It n].'l.owed the me.king:: L 2

“ of a development end procurement decision with high contidence that = *

* of severa.l other designs which in retrospect would have provided ® .

considembly less capability than the B-h? And to the degree tha.t
S e e

we m eble to estimate such things, it seems to, tnve given us e )
. e A .
somewhat eheeper developnent program. The cost of providing ineur- e
e.nce in the form of parallel eirrra.me development progro.ms seems to ;:"' .‘, <L

ha.ve been in the .order of $60 million.

'l‘he second example is the Sidewinder miseile dcvelmd 'by W . T '

-Navy., This development was conducted with a: greet’deel or L
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experimentation and with very small commitments. - Parallel de;:elopn:ent

"paths were folloved whenever there seemed to be particular uncertaeinty

concerning a couoonoxit. of the system. The total cost of less than - ’
$35 million for development. of thc initio.l passive system compares

very favorably w:lth the development costs of the Falcon which approx-

. tmated $400 mtllion for the o.ctive. radar version and a mrther $120

million for the 1nfrs.red version.

Ao I noted ot the beginning of xny talk, our experience at RAND '

B _ in resea.rch ond development strategy hss been la.rgehr concentrs.ted
”m the oircro.ﬁ: field. But the notions vhich seem Lmportant there
. seem oquaJ.Ly important in space. Soms of our spo.ce systems seem 1;0.~ .

" have suffered from the application of weapon systems pls.nning too

early in thoir development. In fact since continued testing of a.
system, vhich is possible in aircraft’ systems th.rough continued _
flight tests, is extremsly expensive in the case of spo.ce systems,
this probably argues ror even greater efforts bdbeing plsced on
component development and testing before such components are combinod'
1nto a system. ) | '

In the booster field, I am impressed with the changes in-
guida.nce and reentry vehicles during the evolution of the Atla.s
program. Such changes :{.ead me to feel that the independent develop-
ment of these systems with only broad systems guidelines through the
early’ part of the development process is feasible and will in fact

, )
" lead to more reliable and less expensive systems developments.
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IMPLICATIONS FOR CONTRACTING

What then are the implications of such development philosophies
for contracting? Remember now that I am talking about the initial
stages of the development process and that my suggestions aﬁply to
that portion of the process.

A most important implication is that there should be a consider-
able relaxation of requirements for progress reports, data reports,
and other routine red tape generally used to mbnitor projects. The
.contractor should be allowed to spend most of his time on the
creative part of the design and should have & maximm of flexibility
in his decision making. Anything hot absolutely necessary for
obtgining test hardware should be eliminated. Such relaxation can
be allowed because the test vehicles or components developed are not
viewed as the final version, there should not have been an enormous
sum of money comitted, 'a.nd the future of the Air Force should not
be riding on any one project. In other words the tight control in
the form of required .contractor procedures can be relaxed a good
deal in order to allow the contractor to have as great freedom as
possible.

It is not at all clear that the contractors would be terribly
‘happy about a proposal such as this. I have been struck by the fact
that the senior technical people have almost always felt that this
proposal would lead to superior technical results at a much smaller
cost whereas the senior management people, mostly in costing and
contracting, have maintained that it couldn't be done. The fact is

that there would be in this initial period at least, and I hope in
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the later parts of the programs too, considerable reduction in the
contractor manpower requirements. Such a reduction would of course
lower the cost base and reduce the fees earned by the contractors
unless such fees were increased as & percentage of cost.

A second concomitant of the approach I am proposing is the need
for strong caontracting officers located at the contractors' plants.
These contracting officers should have a great deal of freedom in
making decisions cencerning the contract. Approval of subcontractors,
most contract changes, and vendors should be made without resort to
higher levels. Timelineas of decisions is very important. Again
such procedures are possible because of the relative amellness of
each individual commitment. Such flexibility allows the contractor
to adapt quickly to problems which arise in the course of development.

Third, contracts for this type of research and development
activity should eliminate any requirements for reliability groups,
value engineering, or management systems such as PERT. It is the
contractor's responsibility to design a reliable system which is
producible and which shows up for its evaluation on time. Since his
real incentive is to obtain a production contract, this will enforce
these requirements. It may be that such requirements are appropriate
for later phases of the development process but in the early stages
of the process with the large uncertainties in design and fabrication
features, such a superstructure does not contribute to the early and
relatively inexpensive testing which I have suggested as being
appropriate to projects of considerable difficulty.

The last two of my suggestions are of a consideradbly more
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specu.}ative nature than the‘. first three. I would be quite happy to
hear your comments on them. Fixed price contracts have consider-
able merit. They tend to shift much of the risk in a development
activity to the contractor where 1t properly belongs; they are a
particularly s’trc;ng incentive to contractor efficiency; and they
reduce the requirements for Ailr Force supervision. The increased
nﬁmber of smaller development contracts inherent in our propdsa.],s
holds out the possibllity that fixed price contracts could become
more frequent'ly used. Naturally there must be competitive bidding
for such contracts and thus the contract must be of such a size that
& sufficient number of firms would want to bid on them. The use of
such contracts would probably contribute much to the small business
program, to the reduction of negotiated contra.éts, and to the
spreading of defense business among more firms. The use of such
contracts for development activities deserves further study.

| My final proposal is only indirectly related to the R&D strategy
changes which I have suggested. A concomitant of these changes is a
wider based development of technology directed by the Air Force and
other services. Such an increase in creative research effort lessens
the need for the Air Force to support research by military contractors
in_'the form of allowing research components in the overhead charges.
Mqreover, nmch. uneconomic activity in the area of proposal prepara-

tion is ;ﬁpported thr§ugl: overhead accounts. The incentives on the
companies to control these costs are a good deal less than if they
were supplying the money out of funds which would otherwise be

available for investment or atstribution in the form of dividends.
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At pregent these expenditures go to increase the cost base against
which feees are computed. Some part of the research and proposal
activity is of course of considerable value to the Air Force, but 1t
is almost certainly of great value to the contractor too in helping
him to develop capsbilities and opportunities to obtain future work.
I would suggest then the possibility of making such costs unallowable
in the cost of the contract. In partial compensation some, perhaps
considerable, increase in fee should be éranted. Such a change
might lead to considerably more economical allocation of resources
in these aréag than is presently p:ometed by the contracting system.
In conclusion, the process of research and development 1s a far
different process than production. Vltwgggg§_§¢§sonabie to feel that
the contracting procedures for R&D would be far different than for
production._ If the proposils I have suggested for changing the
emphasis in researéh and dgvelopment'are adopfed, the contracting

procedures should change:even further.
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