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Report to Secretary, Department of Defease; by Richard U.
Gutmann, Director, Procurement ad Systems Acquisition Div.

Issue Area: Federal Procurement of Goods and Services (1900).Contact: Procureient and Syste;~s Auisition Die.
Budget Function: Nat.obal Derez:se: Department of Defense -

Procurement 8 Coatracts (058).
Orqanization Concerned: Department of Dfense; Departaent of the

Air Force; Departsent of the Aray; Department of the lavy.Congressiohal Relovanre: House Committee on Armed Serrices;
Senate Committee on Armed Services.

Authority: DOD Diricitve 5000,.1,

The Department of Defenevqs (DOD'*) use of the
design-to-cost cuncpt as applied to the fcllowing programss wasreviewed: A-10-Closi: Air Support ircraft (Air orce);
ATS--Advanced edium Short Takeoff nd Landing Transport (AirForce): UT'.AS--Utili'ty Tactical Trasport Aircraft System
(Army) ; C-4? OD--codernization of Chiaock ediua Lift
Helicopter Fleet (Army); and FFG-7--uided issi'e frigate
(Navy). Although theses programs lent themselves to successfulapplication of the conxcept, the concept as defined by DCD wasnct closely followed. Departures in implementing the concept
included. not establishing design-tc-cost targets during conceptformulation when the greatest flexibility existed, overemphasis
on controlling the ore iaediate acquisition costs rather thanlife cycle costs, and failure to develop the ccst data base
needed to establish cost-performance estimating relationships.
Special study teams should be organized to assess implementation
of the concept in existing progr-as and to review Flans for itsimplementation in new Frograms. The assessmeats and reniews
should focus attention on discrepancies etweean the concert andits implementation, operate as a ccrporate memory of lessons
learned, and provide program mauagers with the expeienc needed
to better adapt design-to-cost to their individual programs.
(Author/HTV)
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.'> =- ,..1 iWASHINGTON. D.C. 20,4

PHOCO(JIt#rlT ANr fPT.MSr
At.t.. UtL f $ _: i V.fi t .,r!

P-Ii 30 58- MIarch 20, 97S

The fHon)r able
The Secretary of Delenre

Dear Mr. Secretary:

We reviewed the Depaitmnent of Defense's use of the
design-to-cost concept as applied to the following procrams:

-- A-10; Close Air Supprt Aircraft (Air Forcc).

-- h.; i 'dvn:d ~iedi,. ,hort .r'e-,.' arod ' '.lnr!
Tr irntcrt r ir F or c,'.

--"UTAS; 'r; lit' Thactic: TrArTr, ort AiC:.r-: Ilyrt'~i
my).

--CH-47 MC-; Modernization of Chinook Medium Lift
Helicopter Fleet (Army).

--FFG-7; Guided Missile Frigate (Navy).

The concept has been applied to these programs for
scveral years. Each program had reasonably firm design-to-
cost goals before contracting, large projected production
runs, early consideration of life cycle costs, medium tech-
nological risks in four programs, and some contractor competi-
tion in three programs. These conditions, in our opinion,
nade the rograms good cndidates for successful application
of the design-to-cost concept.

Generally, we found hat the design-to-cost concept, as
defined in Depart;nt of Defense Directive 5000.1, July 13,
1971, was not closely followed. The departu-es in imple-
nenting the concept included:

--Design-to-cost targets (affordability li!r,it) were
not establisned during concept formulation, when the
greatest flexibility existed to maximrze total
performance for the ollars available.

PSAD-7F-79
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--Ovc.sli .i': or c-r;. ,l n i . thie ':3tI ir lli . te nd
visibll occ'.i.:i tion :ct':-; rnther thin the more ;uih-
stcntial life cycc. cortF,

--Failure tc dovelo: the cort data brse neded to
e!;t-libh co- t-r- formal-r, r'timt inq relationsh ip
relevent to de:iq.n-t,-co.t obj(.ctJve, o :-, an-l

Establirhment of anoal i

Of t h e five ronrams reviewt, . onlv th- 'Nav's FFG-7
proqran establichrd eiCsiqn-to-cost oils before conceptual
dosian. The a o s were bed on er feasibility tu~d j
that deterre_ned relations-hi s h,-twecn size, cost, nd numberof escort shios that would mnximijf force effectiveness
within an t 'c ir.-: frLnd.rin cc:nt raints. The FFG-7 roject

fl:[W
" f" tc 1 ¾ '-,:c':s;i ' .'- ... in ;'ir . fto t,, fol;O t-oF-

; el,..- ;,i i -n l i J ' - t ¢.-'O ¢iC. we:-e
not ct;:. -' - 1--'f,.ncc
rI .i .r t: i&ia iw'-*'n - ' Jr:{; . -t i$, after cor.:ieti.cil
of the concptual r, ha:-d of thr. syrctem'n acauisition cycle.
Design-to-cost oal for the rmy' UTTA S and CH-47 MOD
and the Air Force'n A-10 proar:,%: were hbsed on estieateS
of system, costs, determined y ast cxoerience. In the
two Army^ rograms, the estimates were reduced about 4 and
1I ercent to make then an obtainable challenge. In the Air
Force's A-10 program, the oal of $1.5 million was an average
of a number of paramettric estimates based on concettua. de-sion characteristics renging from $1.2 to $1.7 million. TheAMST Drogram establis hed a goal of $5 million for the 300th
aircraft; we were unable to determine tne basis for this
ooal.

Errmhasis on unit roduction costs

Although the contractor.- considered opcratinq and sup-
port cost eieements th-!t did not increase roduction costs,
th-y had little motivation to trbde off lower predicted
lif' cycle costs for known hiqhet unit roduction costs.
In addition, credible life ccle cosc estimates were not
availaole for. asse:?.sinn trade-off! between tightly con-
:,trained unit producti-n costs nnd ownrtrear. operaticn nd 
sUDCOrt cOSts. In our rece-nt lett:, r to you concernin ]. £e
cycle costinq (PSAD 7-?4, March 2, 1978), we discunsed
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in reater dntht thr: n ,s(nri4v ec ,-,nrui.-trifn ltfe c'cle
costs during te acci: -tJin ,)ro¢.,:

The Air Force's A-Ji tro r:,. intrrducecd a 10-yearlife cycle ost reui,:rit, Tut t : 1 .':phcL;is \was on meetJiq
the ter inqent unit pro]u:cti :r, c-or,t qrol f, contiue:? r ,--
grai supp rt T:iis id no: t, ,,vie tte latitude neede to
trade off ,addcd devel¢, >p., Jt and orocriution costs for rd'uc d
life cycic costs unti' after the d.':iqn wa:; considered froz{.n.
In the Air Force's AM!:'' roqramn, th(: rodction cost oal *,ndlimitation on the Gov: rrfn t'i:. obhliut ions drina Drototvn
validation discouraoae trad-offs to lower life ccle costr
that may have incrr. a;ed rrotrgtypl cv r)op'rent costs.

In the Army's UiTTA.S nrrora, contr;ictual dsiqn-t-orvt
coals and incenive:; -.et ;;,.C: I oon ,:WF ;r.'e airframe 'rrudtC-
tion co:t, which 'ds,..- d 'ce(] t. rl'n? ff/ lover.. t. lfe
cyle co L.'- or~r kr ; 1 li;=I ; j r -·i..; .both contrect or r, i ,.: j:.m ,,1it,:t . .hrn rc:- of jcO:;-

uerform<r',c t'7 . -r ' !' " Li "'" r - z.t ' .

In th ArT " 's ~H.-' 7 ';:' 1,-,q; · : :,o: rcr rCo. :iti)- 't cc! -I:O' E. did nCt Incl ; -, t, r , f I r ,'. '. in . i !
design-to-cost unit rrocdv tion Cro,.n nn on -r tion and suo rt
costs. The Armv st . te tk:-t t h.d .tiudies wicI clrirnd toreduce investrrent aen oiner at ng co;'; for t-e CH-47 IO , but
desian changes would recnu re addi ' ional re_:earch an,d devlol-
ment funds tat were not then !,vailcible.

Althouqh the Navy did not want to sacrifice dispropor-
tionate long-term life cycle costs becuse of Dressure to meet
its desiqgn constraints in the FtG-7 program, credible lifecycle cost estimates were not ovailable for assessin trade-
offs between ship construction coi:ts annd downstream oera--
tion and support costs. Consrocuently, life cycle cstconsiderations were recondary to cor.truction costs, and
major trade-offs in s!ii, board mannjinrg nd rovth lmarainn
were made to reduce hij corihtruction costs, without f i1ly
understanding their impajct on ife cy-le osts.

Cost data base

We did nnt make a detailed anal.]yis of the cos-t data base
or estimatira procedures;. Howevor, available information
indicated that useful ot dta and (ntimatinq procedures,
especially comrouter mode]r, were in th ir eerlv develop-
ment phases. What was avajilbhe reouired major adjustments
and modifications to be crr-d~ibl lnd ueful to dericners,
production en7ineers, and loqistics uport specialists.
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Outr rview of the four Air F'- rt. ;,nel Army roq.r E
inc icat:ed thit te Air Force ws *-. .:] of th Amrrnv inl develoJ-
inq cot estimating data and proc,,dutrra nd models to sun-
Durt and mcnitor contractor de.jiq.mto-Acu.t rnlications.
For ' rol;, tth: Armv was ot iabll, fo dfrrcctlv .;ssesE trae-
off- tLbtween cont and 5Decific T!v"for jtnrc ch'iracteristjc:,
Suchl o. src,:(3 , rte of c ib, I ni r ,llr,,r , dur ina the
concrytual rhase of the UT'AS ror!r- r.. Alco, the Arrr r--
lied3 on its contractors to devel!.) te cos' data base nd
met hodolo!v reouired to manaqe di:,;niri-to-cost efforts cur inq
system , Vaida.tion and development. This reliance oroduc-d
mixed results. Army docuntents show that one UTTAS cont-ac-
tor'- desiqnr-to-cost procedulres, whic included little mn-
aaement viiL ilit} on the statu o(f d(l.t- lfed coronent vl
costs and an inability to track dqn-t..-corst estimates to
bu:f nOe pnrrduction estimates, wrr: aln- in t C-47 MOD

F ,~~ . : , ; S:(; : _ 2, j1WL.',oZed Con!-
n:,.u I ll ao i:.: '.-;t: r. i :,o3 tni: tr' ! t C;rO.ic'O ;--

t' o.:,. .: r.t';0 co,:;rol .inr r',:.irn of thr- PFFG-7 nd
£t(-~:\i n, ,wi the ds,-- :- 'n-to--o:t r noin. n inr ino con-
st '.:.t. v' .r tt:d 1 CLc' + t t; '" c.-,ul not -roviC-2 t o',I
C.t C' ti .::t.o rel.Eva it to the d ciu cns bein made bv its
design encgin,:urs and loaistics rut)oort planners. In addi-
tion, the Navy did not reouire the lead rhin contractor to
di.velop desiqn-to-cost procedure:, track conts to a deian-
to-cot goal, or provide the informtation needed to fctually
assess proqress to the goal.

Although the Navy estimated S8.7 to $12.2 million in
desicn-to-cost savirns resulting rimarily from its eqi-
neerinQ constraints, its estimates for the fiscal year 1979
buy of eiaht follow-on ships show cost r¢wth of about
86 ercent ($39 million per hip) in constant 1973 dollars,
despite the fact that there .are only marqinal increese,
over displacement weiht and shiobiard accommodations.

COST CONTROL

Traditionallv, pressures have been toward increased
perfornlance durinq develooment with little consideration
of cost. Ieo-dess of the difterncer; hetween the concept
and its imnlerentation, desiin-to-cot oals have dis-
couraqed demands for additional nrirformance that would have
increased roduction costs. In tact, th(e desiqn-to-cost
goals and contraints, which by necessity were ased on
prelim.nary information o cost-r-rforrmnce relationship,
may have become more imDortant than technical reouirentert,;
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dI: in]ri * in .·nd de.veo. .. nt in both th. -l ar.hc FPFG- 7
-rroi-ir;l.::, the -`cai r.;n: co.:%tr:i'nt were ric.,cl v dh rcr-

to i 1iqn d:. sions thot traded off tuerfornance f.aturei.
T.hr dar c:.r war that the aoale and cornstr in". rTav have ca 'ed

d(e;ici i; r; to inore or d .4scerd features which were cost-
eff.' t ive, net-ied , and af torI-eble.

In the FFG-7 proran; f r exa'rnle, the shl: w s desicned
with small s)ance, weiight , and stahilit in arq ir. Althoich
this rc-duced the ost of the ship, some nece'sarv futur.,
Inrov .. rs miaht Le i, Drticaic i f comnrrns.tins eouiDment
removal!. cannot be made, Thisn, in turt., could affect the
capability of the shic to perform its mrission against a
chnar.nir;: threat. Jt w-, still too early to fllsy evaluzate
the dcsign-to-cost efforts, ince no svst:em had been roducr,
in sufficient numbers or had sufficient field ex-nerience to
emr.onstLate its cost-performanc relationships.

Fc.rt of the five ;]ror-r,- r i :e rc-viev.re'r wrr ili.;:t *i 6

b,7fCre ;h' I De)a rl nt <..f ,:-T1'-' ; C ur' t drc tivet-s nu-d--
l in(cs-f;d i~:-'.O U"J,;1 ,¢:r. dc ( io ? C, 'r.>; . d....:. lt5;
prcvici.,; i,' !. c tiori ani 01da< for iT.r_9, '...-ir,. t1e coZ-

C.Pt), ta!';,'( 4i -ccun:ula-lAd ex-'r ience. Nrverth-less, the

discrcar,c ies discussed above anDeitr to be present i mny.r
of the n(cre recent roaram.s..

Dr.;rtmental quidance points out the need to establish

co.t obqctives or oals durinc the conceptual phase, be-

cause about 70 percent of a svstem's life cvcle cost is de-
termined by decisions made at that. time. At the time of our

review, however, the Office of the Director of D-fense e-

search and Engineering 1/ re?orted that 21 of 62 maior
acouisition prooramz were in vystem validation withoct 

establihed dsin-r:o-cct qoaIs and five proaramrs were
in full-scale development without established oals. Ex-

cept for the fve proirar.s we have discused3, we do not
know if any of the remaininq 6 nrcorams had desicn-t)-
cost objectives estahlished before basic or

! minimum o r-

formanec recuirements were determined.

Our review of the Army's recent CH-47 MD rroaram shows

no discernable imrovement ovet its earlier apolication of

1/Fecently changed to the Office of Under Secretary of De-

fense for Research anC Encineerinq.



ti ce c 'ei-,n-to-coSt conceot in the l.'£!o,, e alc-found no :oliceb-e- ir ro-en t in the !?:vt'. t.bi]ity to
esit: i:mt.e nd diieti cntrol cots during ship ecuisitionthan existed ( Curin - ': dc.cign cf the FFC-7. An aecuatecost data ba', for coSt estiir;!in and control and cntr-c-tual ileentatJont of the conr""t is needed for desig!:-to-cost in shi? acoistioris to te -,rC than a ethoa forin dui- c ?rea r cost co .sciouL'pe. thr-u:lh the use o,0 dis-pl.nc. nt, accorl:odLatio.-, or irilar bro-c, ennrineerinq cc:n-traint A..10so, the rgid r p-icotion of broad enaineriraconstraints will pro!)bbly be Y imited to LhoSe few cases,such as the FFTC-7, where the nu.ber of hins to be built islargc and 'h.ere lirmitdc r ision renuireerts will allowperformance to be taded off to stay within the eniineerincon.trints.

CONC:.S "IONS AND PECON.: EDATIO !S

oF. lelS^,;v tte Dr-Uar , '- 6 ya r::ii - Of c -:r, , re;'c- In
-0; '1 '!, ,~~ ~;':ti' i (i. n t , 'f- i : e1or

.
P. ,* r .

iocuL 
.- 

f i. t i C.t t t_i L - 11 C';! L'- f L?,.' !.t: -, " ', J f r C s.
t 

i7, e ve o -irnca affu~roab)~iitv 
m .,it rn. i r T oorfSrm-ce reuirt.^ents,and a cost data hase rele.Dnt to iesign-to-cost- obectivCS,qoals, and doecisions. h'e oel eie atten ' 5r shoulo be givento developing affordabilty imits and design-to-cost taroetsduring concept formrul.icn when the greatest flexibilitvexists to aximize ttal Performance for the dollars avail-able.

We are rcommendinq that you oranize pecial studyteams to assess implementation of the ceian-t -cost conce·tin existing pronrars and to review nlagr, for its ilementa-ticn in new roorams. Thc assessments and reviews Should(1) focus Srvice-wido attention on discrepencies betweenti-e concep: an-d its ieerentation, (2) oerate a cor-porat morv of l-sonc s learned, and (3) provide pro-ramtananrrs with the experience needed to better adaptdesign-to-cost to their individuial programs.

As you knov', Lectjon 236 of the Leais~atiJe Feorgani-z-t on ct cf 1970 recuires the heai of a Federal a encyto submit a written stateent on actions taken on our
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recon;enp.iopr. to the Senrte Cormtte.ft on _ rnmentaiI; irI s t!.e ! ·Jiv Cr 0.titt' o C-ovr rnmItn. Op,-D.r' ton rc notl e t h. 60 davs after the dte of tho report and to
the House and Senate Committecs on Arr riatiors with thea encv's f irst recuest for aro riation.s nj:de more than60 ay- after the deate of the reprrt. We vould ap rec iatereceivinq a CODV of vour statement when it is rovi1 3 tothe conrressional com.ittees.

Copies of this letter are beina sent to the Chairmenof the House and Senet:e Armrec Services and ? -prori.tionsCo. itees; House Co;mittee on Goverrnment Onsrations;Senate Committee on Governmental Affairs; nd to the Secre-taries of the Armv, Navy, and Air Force.

Sincerely yours,

ji '

P. t C .t
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