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-‘ MANUFACTURING TECHNOLOGY STUDY

VOLUME III

INTRODUCTION

Th is volume of the Navy Manufacturing Technology E lectron i cs Study
is a series of appendi ces rel ating to speci fic tasks performed during the
project. Appendix A contains data summary sheets on 103 candidate MT pro-
jects suggested by industry and screened by the study team for entry i nto
the analysis program , NEMIA. These projects form the base of the recommended
Navy Electron i cs MT program.. Appendix B descri bes incentives that industrial
firms discussed with the study team. It has been recognized that only with
the cooperation of industry will the goals of the Navy MT program be
real i zed. The objectives and procedures of the industrial contacts are
outlined in Appendix C. Lists of personnel contacted at Navy Contractors
are gi ven in addi tion. During the course of the study members of the team
attended the Army ECOM Electroni cs Manufacturing Tec hnology Conference .
This proved to be a valuable forum for the interchange of ideas , and peer
review of MT projects. As a result of this meeting about 50 addi tional MT
project suggestions were introduced for analysis. Appendix D contains a
brief analysis of the Conference itself.

A top-down analysis of Navy Weapons Systems costs was performed to
facilitate the evaluation of MT projects. This is detailed in Appendix E.
The economi c analysis and computer program description (NEMTA program)
are given In Appendi x F. Descriptions of the equipment and systems investi-
gated in the study are included as Appendix G. A bibliography of useful
references is summari zed In Appendi x H.

Science Applicatk ns, Inc. —
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MANUFACTURING TECHNOLOGY STUDY

FORMAT EXPLANATION

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. Sep a9.n.~%c2

TITLE: (Ve~~~Lpt~ve Ti.. tLe o~ P/wpo 4 ed P ’tojecii

COSTS : (I n  tkouAando o~ doLLaM ~o4 each 4 c.aI_ yeax)

AREA OF COST SAVINGS : Ma.t€,~~aZ air. labo ’n. c.o4 t aa.tegoky whvr.e hwr.thua.&e co~t
6czv~Lng4 oc.cux; c1wo~ ir.e.~e,’r.e.nce p ’wdu.c.t ir~eia~ed ~awtonA ~wm TabLe A - I .

METHOD OF COST SAVINGS : Me.*J tod o~ i.it6 tA1u.ting co&L 4a~ &tg6; cA044 ‘Le.~eAencep~oce~~ ‘r.e2o ~ted ~a.c~to’ta ~j r.om TabLe A-2.
APPLI CABLE NAVY SYSTEMS : Speci~~c. weapo n/ 4appo /r.L 6y4Lem a~~ected; c/w66 fl €A.~nc1C.

4y4~e.m6 and £dent4~i.Ag nwnbeir~ ~j r.a m Tc.bte. A-3.

TECHNICA L OBJECTIVES : (Key air.eaa La be add ’rA44ed)

BACKGROUND: ( Pkeu.Louo me.tJ tod6 u4e d)

AP P ROACH : (8 a ~sLc way a ~ condu~a.t~ng p ’wj ec2)

BENEFITS : (Eo t~.maLe AncLudA.itg p e.xcenLage o~ co6~L ~teducti~on ~Ln 4av~n94 a r.ta
£ndLc~o~ted above )

IMPLEMENTATION: (Spec~aL 6eatwte4 .inuo tved An caivLy~Lng au~t thA~ p tojeci)

RELATED EFFORTS : (OChe4 P/r.O j ec.~6)

RISK FACTOR: (Q.ua,v~~ta.tLve evaLua.tLon o~ poLeivti.a2 / c.L4k4)

A-i 
Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

Table A-3. Navy Weapon/Support Systems

—I-- - —--- 
- 

- • -~ —

NEM T A Model NEMT A Model
ID # Nomenclature

SOl DDG-47 AEGIS
S02 FFG-7 FRIGATE
S03 SSN 688 CLASS
S04 SSBN TRIDENT
S05 CSGN CRUISER

L1O BQQ-5 SONAR
Lii BQQ-6 SONAR
L12 SQQ-23 SONAR
L13 BQR-21 SONAR
L14 • SSQ-41 SONOBUOY
L15 SSQ-53 SONOBUOY
L16 SSQ-62 SONOBUOY
L17 SATCOM SHIP TERMINAL
L18 PRC-104 RADIO
L19 IRR COMMO
L2O ESG NAVIG
L21 TPS-59 RADAR
L22 TPS-63 RADAR
L23 DIP EW SUITE
L24 AN/U~K-7 COMPUTERL25 AN/UYK-20 COMPUTER
L26 AYK-14 COMPUTER
L27 NTDS
L28 AWG-9 WPN CNTR SYST
L29 TRAM
L30 SPS-49 SHIP RADAR
L31 SPS-58 SHIP RADAR
L32 ALQ-78 ECM SET
L33 ALR-59 EW SET
L34 AIMS
L35 APS 115 RADA R

A40 Fi4 A TOMCAT

A41 A7E CORSAIR
A42 P3C ORION
A43 E2C HAWKEYE
A44 A6E INTRUDER
A45 EA6B PROWLER
A46 LAMPS
A47 F18

p

continued on next page

Science Applications, Inc.
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— — MANUFACTURING TECHNOLOGY STUDY

Table A-3. Navy Weapon /Support Systems ( continued )

NEF4TA Model HEMT A Model
ID # Nomenclature
M60 HARPOON
M61 STAN DARD ER
M62 STANDARD MR
M63 PHOENIX
M64 SPARROW
M65 SIDEWINDER
M66 HARM
M67 TOMAHAWK
M68 TRIDENT

080 MK-48 TORPEDO
081 MK15 PHALANX CIWS

Science Applications, Inc. -
~~~~
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- MANUFACTURING TECHNOLOGY 5TUD~’ —

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. I

TITLE: Me.ta2 Co’r.e PCB

COSTS: $85K FY80; $100K FY81

AREA OF COST SAVINGS : HtvU~4kt&e, PCB, 04

METHOD OF COST SAVINGS : MOLnLL1çaC~tLL1L.Ln9 MetJwd6, 03

APPLICABLE NAVY SYSTEMS: Hc..kpoon ~M60 HARM 0M66
SLanda.’td ~~ 4~LLe (ER) #M6 1 Tomahawk 0M6 7
S~tanda~’r.d Mt~s4~2e (MR ) 0M6 2 ALL Mi.-~sLLe4 090
SpairJr. ow 0M 64

TE CHNICAL OBJECTIVES: To deve&’p !..~znv~nat~Lan Leduv ~4aeA ~ok no/unoL c.oppe~tcLad epoxy o’r. p oLyiin4de PCB maLe.ir~aL5 a.~ a. co4 L e~~ectLve comp e-ti~Lo’r. Lo
aLwn~nwn backed g~.a~~/ ep oxy muLti1ayeit~ PCB.

BACKGROUND: Heat n..ejectLon p ’LobLein6 £n flI~~4~LLe cLec.t/Lon4~C4 c2a.u4e p t .~i.~J Q
cu4s.tom PCB boa.’r.d 6o’~ adequ~a.te dt~4~Lpa.tLon at p~’r.e. s ent.

APPROACH : SLanda/,4 wppvr. clad PCB mateir....aL4 , Lam~Lnaled £n muLtiLaye/t ,
capabLe a ~ a4equ.o..te heaL ir.~j ec~t~on and ex~bi2Lng LhvviiaL 4L’r.Q.44 ir.e4i4La.nae

BENEFITS: 50% 4av .ôtg4 ~..n nti~4.~Le heat 4S~ JttZ P CB. Thi~ a,mowvtA to a. 4cLvA.n94
o~ 3% £n aalego/ry 04• -

IMPLEMENTATION : Oveir. Lwo yea/to

RELATE D EFFORTS : IR V wo’ck hao been coinpee.Led at one 1ç.t’un; Lwo 6epa/utte
p / to po 6 aLs n.ece2ved.

RISK FACTOR: MediLum La h4~.gh

Science Applications, Inc. -
~~~
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MANUFACTURING TECHNOLOGY ~TtD?

ELECTRON ICS MT PROJECT DESCR iPTION PROJECT NO. 2

TITLE: Con~o/uisL CoaLing - Mo~sLu/te SeaL4

COSTS : $ 1 1SK FY80 ; $ IOO K FY 81

AREA OF COST SAVINGS : SmaLL ha.adwa/te PCB , #4

METHOD OF COST SAVINGS : Mana~acLwt~ng Melhodo , # 3

APPLICABLE NAVY SYSTEMS: Ha.’tpoon ~60 Ha_’i.m 0M66
S.tanda.’td I UAOUe ( E R)  ~M6 I Tomahawk 0M67
SLanda ’td ML~~.~.Le (MR ) 0M 62 AU ~~~~~~~ #90
Sp a/ciww 064

TECHNICAL OBJECTIVES: To n~duce mana~acLui~.~n~ ‘tewoniz on PC boaxd~ due. Lo
i.nadequa.te coa.t~ng . Maiz e. a. Lho ’wug h 4Lady o~ ‘.ia~Lou.~ cooting maLe ’ttaL4 ,
and ne.w coat&cg meLhodo .

BACKGROUND: CoatLrt9 ~&npek~ect~ofrl4/te.quJJLe ‘tewoniz o~ PCS ’~ .

APPROACH : Inve tigaLion o~ wLde 
/cange o~ aL.te/tna.t~ve4 , meo4wte co4L

e.~~eCt uene44 . 
-

BENEFITS: Indu.oL/c.LaL oouAce4 eAt~ina~te A.mp/toved aoa.tiLng o~ P~8 would be$ 10Q
~~

av
~~L4j J~~

4Ue; 4av~ng4 ~‘cang e £ Lom .2% La one 2% o~ ca.Lego/cy 4 ~O/t

IMPLEMENTATION: AL abowt lO OK pe~ addA2~Lonat pLanL ~o~’t coatLng depo oLt.i.~on
equ..cpmenL.

RELATED EFFORTS: Weed Lo be a6cenLa.üced - FiitoL pa/cL rnLg h~t ‘teLa.te La kev~LeW
o~ otheit ~~‘un ’o e~~o’tt6 . Two oep wtaLe p nopo 4cL5 keceA.ved.

RISK FA CTOR: Low 120 medLum.

Science Applications, Inc.



— MANUFACTURING TECHNOLOGY STU~~ —

ELECTRON ICS MT PROJECT DESCRIPTIO N PROJECT NO. 3

TITLE : Gf l.o up TechnoLogy/P aicLo C&to4A4LcaLLon

COSTS: $ISOK FY80; $160K FY81; $285K FY82 ; $125K FY83

AREA OF COST SAVINGS : Suppo’c.t La ba/ r -, 0 10

METHOD OF COST SAVINGS : CLZpLLaL e.xpend.~Lu.ae, 02

APPLICABLE NAVY SYSTEMS: AU IW~s~LLe4 090
ALL A.cAc/cLz~L 091
AU Sh.Lp 4 092
AU e.LecL/conA.c4 093

TECHNICAL OBJECTIVES: Ve~~ne and ~Ludy -the c.ppUca~tLon o~ g / to up LechnoLogy
-to eLecttonLc~ a44embLy

BACKGROUND: Gitoup TechnoLogy Lo 4 12a/c.tLng 120 be app LLed to heavy £nduAtJuj
w~tvie. pwLto and manu~acZwr2ng me.thodo a/te well de6ined.

APPROACH : Ve~A.ne e2ecttoni..c p a/tLo a-nd manu~czctw’cing ape~~tion.~ a.o an
ôvi..tLaL ph aoe.

BENEFITS : V~L~~~ C.LLLL Lo qu.antL~y .  Manu~actu./tLng ~-L~’Lm otLgge.4126 2% o~
calegon.y 10 can be Lrnpa~Led

IMPLEMENTATION : WUL need ad4~t2onc2 ~wtdi.ng at each new 6- .-’cm; on4ej t o~ 250K

RELATED EFF ORTS: In heavy c.nduAL/’~y

RISK FACTOR: H4gh - needa La be 4LandaAdLzed to be 4aace44~u2 .ut wLde4p/cLa.d AinpF~vnenLcLLon. -

Science Applications, Inc. —‘
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— MANUFACTURING TECHNOLOGY 5TU~~ —

Pr
ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 4

p

TITLE : CooL Sav&cg4 VLa. SLandivtdLzed SoLde4Lng Spec 4Lc ttLon6

COSTS : $350K FY80; $350K FY81

AREA OF COST SAVINGS : Ao4eJ7lbLtJ Laboit, 08

METHOD OF COST SAVINGS : In tu.tLona2, 04

APPLICABLE NAVY SYSTEMS : AU M s4s~Le4 090
AU AL~cica~L 091
AU Sh.Lp 4 092
AU eL~ctAon-iLc4 093

TECHN I CAL OBJECTIV ES: To Loweit 4oLde~’u4~ng co~t6 by deveLopLng a. o.&npLe’i, mo/te
appLLcabf..~. 4 aytdand ba6 e.d on vtewen. ooLden~Lng Le.cirn.Lqu.e4

BACKGROUND: Redwtda.n.t, con6-UctA.ng, ob4 oLeLe, wto appo nled Ok uizpfl.oven
opec LaatLono 6o~’t 6oLdeit.Lng alte. cLa.-tmed La exi.4.t

APPROACH: SL ’teamline - and modeAn.Lze Lhe 4p eC.-L~.Lca.t_Lan v~f.(L I~AAM6 ~Lnp aL4

BENEFITS : Lowe’t 0.0412 o~ ao~sembLy - highek ‘te&ab W..Ly. Indu6Lkia2 e4ti~ma.te4
J.6 % ~.mpkot’emen2 tn a44 embLy !..O.bO/L catego~uj.

IMPLEME N TATION : FIJto .t ph ao e o.tu4y o~ p kobLem, te4L o~ aLtekna.te oot del’..Lng
tedut-Lqueo.

RELATED EFFORTS: l/apo / t 4oLde-’r~Lng , etc.

RISK FACTOR: In.Lt.ütLLy tILgh - mu6 t have coope,ta.tLon o~ aLt ap ec.Lf, .iLaaZi~on
£~ouhig ac.tLvA..tLe4 - Th.L-eeitv.~ce cookd2nC2~on needed 

- techn.Lc.aL kA.4k £4
6ai~’tL~j  Low oven.o.U hotueve’t, and thA.4 £4 u.oe.d Ln p/t o j ecL M.ti.ng

p Science Applications, Inc.
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. MANUFACTURING TECHNOLOGY 5TUD~? —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 5

TITLE : Smecvt Fkee I~vWtconnect HoLeo 
- PCB

COSTS : $90K FY80; $60K FY81

ARE A OF COST SAVINGS : Small ha.’tdwaite PCB , 04

METHOD OF COST SAVINGS: Ma.nu.~actuJtLng Melhodo , 03

APPLICABLE NAVY SYSTEMS : HoApoon 0M60 Ha/ un ~M66Sl2anda./Ld ML4oile (E R )  ~M6 1 Tomahawk ~M 6 7
S.ta.ndwtd M~..o4A2e (MR ) 0M62 Pha lanx CIWS 0081
Spavww #M64 AU &J4I44~2e6 .090

- . Mz t~e~cit.on.tc.~ 093TECHN I CAL OBJE CTIVES : VeveLo p mod 4c.ed Lechn.tque.4 - Lotue ’t. dAA.JJ_4.ng 6p eed ,
and 6a~sLek 6eed La kedu.ce 4mea/L. Empha4J~ ~~ on Lhe Laan.66ek o~ Lh.L~s La
aU~~~ m6

BACKGROUND: ThJ.4 £4 a Long oLand Lktg p/ tobLeJn ~ tea tn PCB a44eYnbLLJ

APPROACH : P itocedwtaL
.
‘

BENEF ITS: In du4Lky e.4tOna.te4 6abJ T2cat.LOn La.bo/t 4av .~Jlg4 06 10% (on PCBJ
a.ncfyte2d 06 +20% 6°~ 

2500/ .typ -Lca2 mi.4612e. Togetiie ’t Lhe.4e econom.Le6
‘rLOuLt Lit a ~av.tngo 06 5% Oil ca.tego/c.y 04.

IMPLEMENTATION : Th.itou~h demon.o.t ’catLon and doc.wnenLa.tLon 06 the p itobLem and
ooliitlono deZeiun.Lned -

RELATED EFFORTS : Many - aon12’wL o6 dtLLL b.v.t .tempeita.twte by adap .tLve
.technA.qi’.Le4 £4 aLso p o46Lble, Laoe’t dkA2L.Lng could be .t’cied.

RISK FACTOR: May be. ouppta.n-ted by mon..e advanced technology, med2wn to k.Lgh.

Science Applications, Inc.



-
~~~~~~~ 

— MANUFACTURING TECHNOLOGY 5TUDY

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 6

TITLE: CompuLek ConL/toUed Pa ..tteAn Pn..LnLLng

COSTS : $70K FY80

AREA OF COST SAVINGS: Small haxdwai~e PCB, 04

METHOD OF COST SAVINGS : Manu6acLu./ci.ng Methodo , 03

APPLICABLE NAVY SYSTEMS : H a/tp oOn 0M60 Haiun 0M66
SLanda.kd Mi44Lte (ER) 0M6 1 Tomahawk 0M6 7
S.tanda,td MLooJle (MR ) 0M62 ALL ~.k66A1e4 090
Sp advtow 0M6 4

TE CHN I CAL OBJECTIVES: CAP/ CAM deveLopmen.t 06 an “iitLeL&gen ” pLaLLng 4yoLem -

one Lha..t aUowo 6°~ Lank 4~Lze - pLec.e pO4~ LLon , etc..

BACKGROUND: PLa.t~.ng yte.Ldo 6°n. ~ ve Une (— 0.005 ”)  PCB app Uca.LLono could
be £mp ’toved £6 the detaLLo 06 Lhe ptat~ng 4y4 tem we’te known be6oke hand

APPROACH : Vevelo p a CAP/ CAM app/ toach to Lake Lhe ba4sLc de4.c.gn - c.ompu ~Le
nec.e44a/cy p a/tamete/c4 , cofl~kecL 60k manu6acLwtLng vair2a bLe4s ouch ao Lank
p04A~tLOn

BENEFITS : E4tiJnaLed aL 5% y.Leld £nc/t eao e a/c aboul 1- 2 % 6o~ calego’cy 4

IMPLEMENTATION : Thxough deveLopmenL 06 LechnoLogy 06 conL’toUed pLa.tLng

RELAT ED EFFORTS: P044J..bLe - adap.tLve p(aZiicg £4 an atteknaLLve

RISK FACTOR: FaJJr2y h.iLgh - no R and V done yet.

Science Applications, Inc. -~~~
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ELECTRONICS MT P ROJECT DESCRIPTION PROJECT NO. 7

TITLE : Au..toma .Lc Gang Pkob~ng o6 MuLtilayek Thi c.k FI lm Sub4L’utte4

COSTS : $20K FY80; $20K FY81

AREA OF COST SAVINGS: Hyb ’t.Ld CLkc.uii6, 06

METHO D OF COST SAVINGS: Cap i.La2, 02

APPLICABLE NAVY SYSTEMS : Ha/cpoor c ~M60 Ha/c m 0M 66
S.tandaitd ML~s4Ue (ER) 0M6 I Tomahawk 0M 6 7
S.tanda/c4 MAA4 LIe ( M R )  0M62 AU Mi.44LLe45 090
Spa/c/ tow 0M64

TECHN I CAL OBJ ECTIVES: Con~ot ’uic.t a. c.onLi~wiLLy check de.vLce 6°~ LhLcJz
1~J lm hybitLd appLLcaLLon

BACKGROUND: Fi.icm claLmo aLL LhLck 6-~lm LeoL £4 now done manually

APPROACH : Automated p/c obLng

BEN EFITS : Red(LCC~ 0.0412 o
~ 

Izyb4LdO about $10.00 each o’c abouL 5 La 10% 06
caLegoky 6 .  SavLng4 /cange 6/t om about 1. 5% to 6% 6~.om va~Lou~o mts4Aie6.

IMPLEMENTATION : 20K pelt 61.n.m. P/coc.edu.ke £o Lo build and .te.4st 6I~44L tLfl t  -

‘ctp tLcc.te 60/c oLheA. appLLca.tLono -

RELATED EFFORTS :

RISK FACTOR: LOW

Science Applications, Inc.
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.- MANUFACTURING TECHNOLOGY STUDY — —

ELECT RON ICS MT PROJECT DESCRIPTION PROJECT NO. 8

TITLE : RevL6L on 06 R€wo’ck S.ta.ndoicda - Hybn~Ld CL/tc.ui_t6

COSTS : $200K FY80; $200K FY81; $200K FY82

AREA OF COST SAVINGS: Hybn~.d CLxcuLLo, 06

METHO D OF COST SAVINGS : InoLLtu.tLonaL, 04

APPLICABLE NAVY SYSTEMS : SLanda.&d ?4~A4LLe (ER) 0M6 1
SLandaxd M.Ls4Iie ( M R)  0M6 2
Tomahawk 067
AU ?~ks4 Ue4 090

TECHNICAL OBJECTIVES : To de.te ’cmLne how much kewokk a hyb~~d can Laeen.aLe
be 6on.e keLLabL~Uty £4 degn..aded

BACKGROUND: P’c.esen.t hgb~.Ld lcewoftk 4pec Lca.tiovt6 axe cLaimed -to be Lao
ke4L’ric2~ue and out °6 daLe 4Lnc.e mo/c e. Lote/uuvt mate.’ti.a14 axe now wsed.

APPROACH : Vevelo p baoL.o 6°~ new 4Landa/r46 -

BENEFITS : C2OAmed up to 10% 06 c.a.tego’~y 6 by new /ce.wokIz 4LandCAd6

IMPLEMENTATION : By manu6ac.Luxe’c. guA.deLA.ne4

RELATED EFFORTS :

RISK FACTOR : MedLwn

Science Applications, Inc. —
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- MANUFACTURING TECHNOLOGY STUDY —

ELECTRON I CS MT P ROJECT DESCRIPTION PROJECT NO . 9

TITLE: Vapoic Soldeiiing - Automated A4s4embLy

COSTS : $60K FY80; $50K FY81

ARE A OF COST SAVINGS : CabLLn~ 01 , aLso PCB, Srna.U hwcciwaxe 04 , and A64embLy 08
A~~embLy 08

METHOD OF COST SAVINGS : Mana6actaning Me..thado 03, Ca.pLtaL Equipmen~t ~2 -

(4eaond yea/c.)

APPLICABLE NAVY SYSTEMS : AYK-14 0L26 Spa.vww 0M64
Ha.kpoon 0M 60 Ha ’un 0M66
S.ta.nda..’cd ML44i1e (ER) OM61 Tomahawk 0M6 7
SLanda/t d MLo41_Le ( M R )  0M 62 AU M~L44Ue6 090

TECHNICAL OBJECTIVES : E4LabLLOh vapOJc 4oLde/cing a~ an auLoma.tLc Lechn.Lque
on a. p/co ducLion Line 6o~ 

mULtaJcy equ4..pmen.t.

BACKGROUND: Automated 4oldefling vuz wave. 401de.ning £4 pke 6v1/Le.cL but do e4 vtoL
apply Lo 4 ome a/ teas. PCB 4wc6ace moun.ted capacLto/c cii.Lp , mA~C~to4L/cip4, etc.,
hand 4oLde/cing £4 ao4tty

APPROACH : AdapL a vapon. - /ce6Low 4olde/cL ng LecJcnLqLe wsed .~..n Le.Lephone ~uidaoL&y

BENEFITS : 30% ‘ceductLon .tn Ootde/ c a6 4unbLy WOkk Lit cabling On. 2.0% Lit
Ca.tegoir.y 1.

IMPLEMENTATION: Ucen4e p/coc€44 6/tom We4Le/u t ELecLn.Lc

RELATED EFFORTS : Many - may be done wilhou.t goveitnmen.t £n.Leiwen.tLon

RISK FACTOR: R.L4sIz Lit Lechn.Lqu.e £4 vexy Low

Science Applications, Inc.



- MANUFACTURING TECHNOLOGY STUDY —

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 10

TITLE: I n-ten.acLLve FauLt Lsola.tion So~.tj ixvce

COSTS : $50K FY80

AREA OF COST SAVINGS : Te4L Labo/t, 0 11

METHOD OF COST SAVINGS : CapL-LaL, 02

APPLICABLE NAVY SYSTEMS : SLandaxd ML54Ue (ER) 0M 6 1
S.tanda/cd MLo4LIe (MR ) 062
Spa/c/c ow •M64

090
TECHN I CAL OBJECTIVES : FauLt Loca~tiLon pJcompi.ing a44L4Lance Lo opPJccio/ c vLa
.60 ~.tiuoJce

BACKGROUND: Ident.i~~ca..tLon 06 pn.oblern a.’ce.a Lit Le~s.t.Lng due Lo compeexliy -

6aL.Ly auloma.tLc 4y4.tem £4 out-c 6-Lhe-qae.6.tion. SemL-auLomaLic one oeemo
6eaoLb-Le

APPROA CH: So6Laaxe gene.ka.ted picornptLng 06 OpeJc0t0k

BENEFITS : 1ndei~LniaL e6LI.ma.te ~ .tha.t 2% 06 Le.oL Labok wUL be 4aved.

IMPLEMENTATION : VLa 40~.tLUOAe devetopsnenL

RELATED EFFO RTS: Au.toma.tLc Ln4peaLl.on technLqueo

RISK FACTOR : MedLum

Science Applications, Inc. -~~~~



— MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PR OJECT DES CRIPTION PROJECT NO . 11

TITLE: Va.ta Link - SuppLie/c /A.6.6embLe/c

COSTS : $50K FY80

AREA OF COST SAVINGS: Suppo/cL Labon. 0 10 , aLso Pw’Lcha4ed Ma.Le4iLaL4 01 Lhicough 7

METHOD OF COST SAVINGS : Pko d.U.CtL0fl VoLum e 01

APPLI CABLE NAVY SYSTEMS : S ajtda.icd ~t~s4Iie (ER) 0M6 1 AU M.LS4LLe.o 090
S.ta,tdaitd M.L44Ue ( M R )  #M62 AU Elect&on.Lc4 093
Sp a.vr.ow 0M6 4
Phalan’c CIWS~~081

TECHNICAL OBJECTIVES: Mea6 uM Lhe e66ec_ t 06 ‘teal time data L.Lnk beLu.~een
.6applieA and a64 €mb&k Lit Lnven.ton.y c.on.tn.oL

BACKGROUND: Inven.to/cy opt~inLzalLon £4 dL~~Lcul.t when 4ma/.2 6uppliQJL4 axe
Litvolved, w~..tIt 6keq ue,vt 4120 page.6 Lit pxoduc.tLon

APPROACH : Vevetop data. Link.6 and pkoLacOl La allow a.66€mblek La be auu-’ce
06 4uppeA.ek dL6&Lcuttie.6

BENEFITS : May be va.oL (oee below); L~vL.tLaL Lndu.o.t’cy e4LA.ma.te4 a/ce 0.5 La 1 %
06 oupp o.tt La.bo/ c

IMPLEMENTATION : L’La data Link oe..t up - .te4.t picoc.eduite deveLapmen.t - 4hould
n.e.La.te 120 p’tev.Louo woick Lit auto .Lndu.~.t’cy (4ee below) .

RELATED EFFORTS : Many - pa/cLic.ulanly Ln auto LnduOL’Ly .. whexe 4up~€ie/L -
ao4embLL/ L data Link.~ axe coimnon .

RISK FACTOR : LOW to medLum

Science Application s, Inc. — 
-



• MANUFACTURING TECHNOLOGY STUDY —

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 12

TITLE: Automated FauLt I4oLa.Lion

COSTS : $100K FY80; $100K FY81

AREA OF COST SAVINGS: Te.4.t 017

METHOD OF COST SAVINGS : CapLLtiL 02

APPLICABLE NAVY SYSTEMS : S.tandaicd M-~.44iie (ER) 061 AU ELextxonic..6 093
S tandan.d M.L.64Ue (MR ) 0M6 2
Spa/c/ww 0M64
AU MIL44LLQ.4 090

TECHN I CAL OBJECTIVES: VeveLop 4o6.twwce 6o’t awtomaLLc 6auLL £4oLa-tion on
dLgLLaZ and analog cLtcul.-t6

BACKG ROUND: Manwjl 6auL~t £4ola.tion £4 Lao expen.6Lve

APPROACH : LLoLng cA..’ccui.t mode p’tobLng 6Lx12wce, compute.x guLded pxobe method ,
cuWc in.texac.tLve 4o~.tLUCAe

BENEFITS : LoAge - cont/ta~..tO/t e4tLlflate6 06 axdex a6 10% Lit Le4L Labo’t

IMPLEMENTA TION: VLa 4o~.twaJte development, 4 ome haxth~ua’ce an hand aLn.eady

RELATED EFFORTS: Ve.~ - ECOM con6exence pFwpo4aLs

RISK FACTOR : MedAwn

- 

Science Applications , Inc .
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MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 13

TITLE : Aj .i.Lamated llybnLd C.L.&cuLt A44embLy JwsLi6LcizLLon

COSTS : $120K FY80; $250K FY81; $250K FY82

AREA OF COST SAVINGS : Hybicid CL’tcuit6 , 06

METHOD OF COST SAVINGS : CapLLaL, 02 , VoLume 01

APPLICABLE NAVY SYSTEMS : AU ML~.6i2e.6 090
AU ELecL’tonLcA 093

TECHNICAL OBJECTIVES: Vevelop automated die attach and ctt~xe band 6o~
. Lhe Low

volume mi..Uta.’cy hybn.Ld a.n.ea ju..6tL6Lco~tLan

BACKGROUND: Indu4.t’cy Low volume hybic.Ld a~s.6embly need4 axe noL being mel
by the manu~actwring equipment Lndu.s L/v ie.6.

APPROACH : SWcvey tu e manu6az~tLL4ôtg eq uipment .6LLppCieX6 6o~ 
aLtexnate

.6olu.tion - pwcchc4se equipment and .te4sL

BENEFITS : Laxge 6avLng4 6o~ 
hybicid cL’ccuLt6 axe claimed e.aanomLe.4 on on.dex

a6 5 La 10% o~ catego/ cy 06.

IMPL EMENTATION : Via. pha.6e 1 6Lu.dy and 4u.b4equent equipment pwccha4e and Le6.t

RELATE D EFFORTS : Tape. automated bonding4 - cLa.ün .L.o made tha.t .this / tequixe.4
a hLgh voLume to o u.ppo n..t

RISK FACTOR : Technically - high due La compe.tLng 4 citeme.6

- 

Science Applications, Inc. —.



• MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 14

TITLE: Low Co~L Hybnid via Redeoign 6o’t Man~i6ac~twco.b~W~4i

COSTS : $300K FY80; $300K FY8 1

AREA OF COST SAVINGS : KybiLid , 06

METHOD OF COST SAVINGS : Ca7~i.ta.L, 02

APPLICABLE NAVY SYSTEMS : F14 0A40

TECHN I CAL OBJECTIVES: CooL dAiveic. anaLyoiA wLU Litdica.te which °6 oeve,&al
ougge6Lionh La lowe/c cooL axe. bene6icial .

8ACKGRO 1~4D: F 14 hybicido axe neaxly 10 yea/to old Lit de.4s.L gn - no deo.Lgn 6°~-
mana6actw~.abi..Uty hao been ca.’ucied out.

APPROACH: Coot dnive’t ana4joio 06 hybnid pxodu.ction, evaLuation 06 app’coache.o :
eiinwna.te packa ge, mo/ce Lhick ~,.LLm cttcuLt’uj , awtomatic oeam
weLd packag e, Laoex tj cAj mn~ng, automated wuce. bond, and
automated LeoL.

BENEFITS : Eotj~ated at 10-20% 06 hybicid cooto , ox .wughty I La 2% 06 c.a.tegon.y.

IMPLEMENTATION : Speci6ic 120 F 14

RELATED EFFORTS: At 6A..~m IRV and othex pitogn.aJno would bene6A_ t .thiL4 won.k -

in Lndu612’cy exleitoive e66o.tto

RISK FACTOR: Low

- 

Science Applications, Inc. — 
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MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 15

TITLE: Mana6actwcing Methodo 6o’t Magnetic Componen.-to

COSTS : $150K FY80; $300K FY87

AREA OF COST SAVINGS : Pa4oive Comp 07

METHOD OF COST SAVINGS : Manu6a~tuA.i.ng MeLhodo 03

APPLICABLE NAVY SYSTEMS : A~QG9 0L2 8

TECHNICAL OBJ ECTIVES: Vevetop new manu~ac.twcing method.o 6on~ hig h vottag e
Lkan4 6on.me’T..6

BACKGROUND: TechnoLogy 06 manu.6actuxe 06 mc.gnetic compone.vttA , e.g. ,  tk0.n66oflJne.’t
£4 ou..t-o6-date.

APPROACH : A de4ign 6°”- manu~actuxabiUty oLudy: aiceao 06 c.oncertt’ialian in
deoign 60k manu~actuxab~LLLy o.tu.dy include: coxe winding , cokona.- 6kee Lntexcon-
nect~, o oLid enca.oulation, welded wnnection, and potting .

BENEFITS : 5 La 10% oaving in axea 06 paooive component ’ -s p ’toj ected .
App~~ximateLy 2.5 120 5%

IMPLEMENTATION: Pha6 e 1 evaLuation VFM oLudy , phaoe 2 Lest

RELATED EFFORTS: None a/ce known

RISK FACTOR : MedA.wn

Science Applications, Inc. —
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ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 16 ( VNA 00579 )

TITLE : Awtomoled Lao vi Bondex 6°” - Hyb ’iid Mic ’toeLec~txonic,~

COSTS: 250 FY80 , 150 FY81

AREA OF COST SAVINGS : Hyb’tLd Ci&cuLt 06

METHOO OF COST SAVINGS : Mana6actw’ing M ethodo 03

APPLICABLE NAVY SYSTEMS : AU e&a,txonico 093
AU M.~4oite.o 090
ALL Ainc’uz6L 091

TECHNICAL OBJECTIVES : To oave manual aooembly cooto in Kyb ’tid CL~c.uiL Aoo embly
by uoe 06 an automated Lao ex bo ndex 6°”- ci’tcuLt to pad L,tteitconnec..tion bonding

BACKGROUND: OLhex techniques in u~e pxeoently axe uLt’~a.~onic., Lheitmoc.ompite.ooion,
and beam Le~zd bonding 

-

APPROACH : tLtLLiza.tLan 06 6ac~t that die ~ub~L’utte £4 .Lxanopaxe.nt Lo CO2 high
powe~’t Laoe’~. n.a.diation a.Uowo La.oex beam Lo be biwught LhMugh dLe La undexoide
0 6 wI.xe to be bonded.

BENEFITS : Eatinv-ted at about ~~0°° pelt hybi~id cixcuLt ok about 6% oavingo in
ca.Lego ’ty 6.

IMPLEMENTATION : via a pItoLoLype development

RELATED EFFORTS : IRV pxojec.t6 at oevexat ~ xm8 axe. n.e.6eitenced

RISK FA CTOR: high due. La newne.o s 06 LechnoLogy and 6acL that competing
met ho do may be impxoved.

I — Science Applications , Inc. —
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MANUFACTURING TECHNOLOGY STUDY

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 17 (VNA 00 5 77)

TITLE: Computaiiized Ion Seam ReoioLox Ti~J~rrs’ing

COSTS: 250 FY80 , 180 FY81

AREA OF COST SAVINGS : Uyb/rid cixcuiL~ 06

METHOD OF COST SAVINGS : Manu~actu/zing methodo 03

APPLICABLE NAVY SYSTEMS : AU e2ec~txonico 093
AU MLooUeo 09Q
AU Mxc,uz6L 091

TECHNICAL OBJECTIVES : To Loweit c.ooto and dec’teaoe xejecto in ~e.~L~Lox Lniniining
6o’~ tlyb ’zid c utauito .

BACKGROUND: At pxeo e.nL high opeed Lao en. L4i.nmie.’to alt high oLabLUty
ab~’uuive Lithn axe uoed. Re6LoLok LnoLLzbiJity mean.o many paoo eo mu.oL be made.
La achieve ~inaL vaLue4 .

APPROACH : Ion beam nzLlLing o66en.o hope 06 £mp/ wved LkinmtLng / tate4 -

xe.oiotaxo axe to be -t’~immed along the Late’tal Lhickne.oo.

BENEFITS : Lowe.’t cooL, 6ao12e~’t Wins , moxe o.table xe.oLoLo’t when complete.
Contna.ctox eo.timateo 6% cooL oavingo .

IMPLEMENTATION : Initial o.tudy

RELATED EFFORTS : Ion rrtiLUng Lechniqueo a~e uoed ex.ten6ively in othe.x high
pxLcioion axeao

RISK FA CTOR: medium

ri .

I 
— - Science Applications , Inc. 
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MANUFACTURING TECHNOLOGY STUDY -

ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 18 (VNA 00508)

TITLE : SAL’) Vevice RepUca.tion

COSTS : 250 FY80

AREA OF COST SAVINGS : Pa~~ive Componento 07

METHOD OF COST SAVINGS : Manu~actwting MeLhodo 03

APPLICABLE NAVY SYSTEMS : Al’S 115 Rada.it 0L35
Avianico itadaxo , ECM , and ECCM equipment via AU

Elec..t’wnic4 093
TECHNICA L OBJECTIVES :Redttce the cooL 06 SAL’) iteplLcatLon by uoe 06 E-bea.m
ox Xltay phoLa- €Lthogitapky

BACKGROUND: Line wLdth on oLate 06 Lhe axL SAL’) £4 too 6Lne 6°”- conventionaL
photo £Lthogiuzphic Leciuiique.o. 

-

APPROACH : InveoLigaLion 06 ge.x.ible mash ge.ne~ation by ELect’ion bea.m
Lechniqueo , and xiLa.y photo eng/uzving

BENEFITS : Individual oyoLem oavingo e.oLimaLed at 1 120 2% 06 ca..tegoxy 06 wo12o
60k ‘catLJFtg pwtpoo eo .

IMPLEMENTATION :

RE LATED EFFORTS : oevexal

RISK FACTOR: high

I ____________________________________________ Science Applications , Inc.
-- -r.. ,f a .s_ 
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MANUFACTURING TECHNOLOGY STUDY

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO . 19 (VNA 00254)

TITLE: Leadleoo Inve4ted Veviceo

COSTS : 55K FY80; 85K , FY81; 55K , FY82

AREA OF COST SAVINGS : KybiuLd cLitcu.Lto 06

METHOD OF COST SAVINGS : Manu6actw~ing me-t.hodo
AU Ai.’tc,~z6L 091APPLICABLE NAVY SYSTEMS : AU elec_t&ov,ieo 093

TECHNICAL OBJECTIVES : To Lowe’~. coo to 06 hybhid mLcxoelect&onLco by the
development 06 Leadleoo invented de.viceo (LIV’ o)

BACKGROUND: LIV technology £4 being pwz.oue.d by LItdLLOLIUJ but not 6°”.m~Utaxy appLicat~ono 
-

APPROACH :

BENEFITS : Highex xeLA.abAli.ty due La ea6iex Le4L, n..edu.ced xewo’th, highex
yieldo. Cont’uictox eoLA.mateo 1 . 5% 06 categoxy.

IMPLEMENTATION : via pitotoLype LeoL, documentation 06 pizoceoo .

RELATED EFFORTS : Many

RISK FA CTOR: high due La competing p/L 0je c14.

9. -

I __________________________________ Science Applications, Inc . 
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MANUFACTURING TECHNOLOGY STUDY

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 20 (VNE 00027 )

TITLE: R. F. Packaging Techniq ueo

COSTS: 95K , FY80; 45K , FY81

AREA OF COST SAVIN GS : Cabine.Lo 01

METhOD OF COST SAVINGS : Manu4zctu/tiitg methodo 03

APPLICABLE NAVY SYSTEMS : TPS-59, 0L21 , aLL elecLxonico 093

TECHN I CAL OBJECTIVES : To eowex cooL6 06 cabAjteto, and ‘~ . 6. e.nctoowte4 by
WS e. 06 pLa~stic ox ~,ibeit glaoo Lhe/unooetting plastico .

BACKGROUND: Vq, b~.azed /~. 6. paeizageo u.~ed at moment.

APPROACH : Peaoti co have coxxooion xeoiALance, 6tte.ngLh otL66neoo and
good ot”e.ngth -to weight n.atioa

BENEFITS : Savingo eot&naled at .7% 06 ca.tego/ ty 01.

IMPLEMENTATION : via demonot’w-tLon pxogxam

RELATED EFFORTS : Oeve.kaL

RISK FACTOR: medium

-
I
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~~ MANUFACTURING TECHNOLOGY STUDY

I
ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 21 (VNA 00415)

TITLE : Electrton Seam imaging SyoLern

COSTS: 250K , FY80; 150K , FY81; 200K , FY82

AREA OF COST SAVINGS : in-teg’~ated cLkcuil6 03

METhOD OF COST SAVINGS : capital equipment 02

APPLICABLE NAV Y SYSTEMS : a.U etectxonico 093

TECHNICA L OBJECTIV ES : To (Lowek coo to 06 iivtegn.a.ted c.LxcuLt6 by developing
a “piwduction model” E-beam Pnojection 6y6Lem.

BACKGROUND: Sevefl.al L4b4 have RSV pxojects uoing E~beam Uthogn.a.phy
none axe available 6o’v~ a p .wduc2-~Lon tote ao yet

APPROACH : Impn.ove tMou.ghpul 06 wa6e’to ( dL-’ttct w’i.Lt.Lng mo de )

BENEFITS : Lowe/i. coot, omalt&it ga.te.o, A .mpwve tMou.ghpu.t. Contj vac.tox
eo timateo 5% ~avingo out/tall in caLegoxy 3.

IMPLEMENTATION : Via i..mpxoved .s(ice handling machA.ite~y to cmpxove th ’wughp u.t.
Final p ’wdu.ct ~ a Low coot deoign 604 a p&oduction syo tem .

RELATED EFFORTS : Many

RISK FACTOR: High.

I .
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MANUFACTURING TECHNOLOGY STUDY

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 22 (VWE 00042)

TITLE: Elect’c.on Sombaitded Vevice. MT

COSTS : 2 80K , FY80

AREA OF COST SAVINGS : VA.4c1tete SC 05

METhOD OF COST SAVINGS : Manu6aL2.twtLng melhod& 03
ALQ~-78 ECM Set 0L32 ALR-59 EW Set 0L33

APPLICABLE NAVY SYSTEMS : TPS 59 ka.dax 0L2 1
AU e.Lect.’wnico 093

TECHN I CAL OBJECTIVES : To lowe.x coo o 06 elec.t’wn bombaxded SeinLcondac ok lESS )
device.o 4s iw.h ao ampli~~e.t~ and owi.tcheo

BACKGROUND: Pn.e4enL E5.S co4 o axe high due Lo p00k yield

APPROACH: 1) EBS gun deoig n 60k mana6a.ctu.ke
2) high Lempe~a.tuxe, high ope.ed rnetafliza.tion oyoLem development

BENE FITS: CooL impxoveinent 06 o”4ex 06 30% axe expected even.tuaLty.
In.L.tLal oavLngo would be oniallex, o6 oxdex °6 10 % , ox 1.6% 60k the c.orrèined
caLegoity.

IMPLEMENTATION :

RELATED EFFORTS : -

RISK FACTOR: High

F.
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MANUFACTURING TECHNOLOGY STUDY - -

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 23 IVNA 00566)

TITLE : Thin Silicon Layex Technology

COSTS : 550K, FY80; 400K , FY81; 150K , FY82

ARE A OF COST SAVINGS : integ~o.ted c~xc.u.L.to 03

METhOD OF COST SAVINGS : Manu6actwting metitodo

APPLICABLE NAVY SYSTEMS : AU ele.c.t’wnico #93
AU M/tcAa6L 091

TE CHNICA L OBJECTIVES: To xedu~e.e coo to 06 diLeLect’tLcaIly Loola.ted in.tegxated
cLxcuLto by uoe 06 Lhin Layex o-ilicon on inoulo~ting O uboLkate

BACKGROUND: Many pxeoent IC’ o axe noL £4olated , axe 6abnic.a~ted on ~LtLcon
O u.botAa.te6 -

APPROACH : Fabnicat&,n 06 thin high qual2ty 1oa6~~cLent 60k b.Lpo ax gate4)
in an inoula.ting S~O2 Layex, &c4ticit £4 o uppo ’r..ted in .tuitn by po!4c/tyo aLLne Si.

BENEFITS : E~tünaLed at 25% 60~. high pex~oir.mance c e.uLt~ t.then 6uJ~2y
open.a..tional. EotLma.ted at 6% Lox categoxy

IMPLEMENTATION : Via conti..nua.tion 06 1W woxlz La develop a pAlo12 pxoduction Line -

RELATED EFFORTS : SOS Ltchnology

RISK FACTOR: medium La high



- MANUFACTURING TEC HNOLOGY STUDY 
- -

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 24 ( VNA 00044 )

TITLE: High Vooe Shallow P’w LLte Ion Implantation SyoLe.m6

COSTS : 230K , FY80; lOOK , FY81; 250K , FY82

AREA OF COST SAVINGS : in.tegir.ated cixc.uLt ~3

METhOD OF COST SAVINGS : Capital Eq uipment 02

APPLICABLE NAVY SYSTEMS : aLt ainc..’uz6L 091
F14 040
F18 0A47

TECHNICAL OBJECTIVES : To Low eit co~L oL implantation deviceo by deoign
06 a low co~L Labletop device

BACKGRO UND: Cw~xent implantation devic.e.o axe LaAge and cooLLy Lo a.cquAAe
and~~ n

APPROACH: Vevelo p a “dedicated” omail LrnptantaZLon e4pecioJl4J Lox a
oe,ni.condw~tox piw duction Line

BENEFITS : Cont/ta.ctok eot2ma.teo at 15 to 20% 60k high volume linea/t IC’ o ,
ox about 3 to 5% in c&tegoxy 3.

IMPLE MENTATION : Veoign, development 06 p.wduction equipment

RELATED EFFORTS : W.V at contitae..tox £4 complete and encowcag-Otg

RISK FACTOR: medium

I.

Science Applicat ions, Inc.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



MANUFACTURING TECHNOLOGY STUDY - 
-

~~~

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 25 (tWA 00504 )

TITLE : Enco de’t Impxovement P’w g~arn

COSTS : 1 70K , FY80; lOOK , FY81; 90K , FY82

AREA OF COST SAVINGS : Pa6oive deuice.o 07

METhOD OF COST SAVINGS : ManLLLactwzing method& 033

APPLICABLE NAVY SYSTEMS : AIMS 0L34 , UYK 7, 0L24 , AYK- 14 #L26

TECHN I CAL OBJECTIVES : To Zowex cao to a6 encOdeAo Lox avion.iLc.o aLti tu.de
xepoxting device.o.

BACKGROUND:

APPROAC H : 1) Automatic Lev~ite coxe placem ent and w&~i.ng; 2) TeoL Lixtwte
Lox kgb/r id cAJtcuit package; 3) Teo L £ixLwte~ Lox ouba6oemblieo

BENEFITS : E6timated at 1.5 Lo 3.0 % 06 categoxy 7 60k n.a~ting pwtpoo e.6.

IMPLEMENTATION :

RE LATED EFFORTS :

RISK FACTOR: Medium

7 ,

Science Applications , Inc . —.
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MANUFACTURING TECHNOLOGY STUDY -

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 26 (A8 32 )

TITLE:  EvalwztlLon 06 ElectxochemicaL Etching Pxoceoo

COSTS : $96K FY80

AREA OF COST SAVINGS : PCB, Small HaxcIuaxe, 04

METHOD OF COST SAVINGS : MancL~actwthtg Methodo, 03

APPLICABLE NAVY SYSTEMS : ALL Mi.4611e4, #90
All Ai_xc’w.Lt, # 9 7
ALL Elec-*Jwnico, 093

TECHNICAL OBJECTIVES :
Manu6ac.tu.xe 06 high xeliabAlLty muLtulayen. cLxcuLt boaxd6 Lfixoagh a ctooed-

Loop electxochemiLcaL etching ogo tem

BACKGROUND: High xeliablli..ty cixcui_ t boaxd6 axe cwcxen.tly manuLactwr.ed via a
oub txa.ctive pkoceo4 . Thio pn.oce4o £4 cooLLy , pxodu.ctive 06 che,ni.cat pollu-
tion, and 06 Limiled uoe in etching pxecAAion Lineo unde’r. 01 06 an inch wufe.

APPROACH : Vevelop a c.too ed-loop electAoche.mico2 etching oyo tem, which wilt not
need electxolyLe xepleniohment, La xepta.ce the oubtkactive manaLactwri~ng pxoceAo .

BENEFITS : Eotimated at 1% 06 catego’ty Lox n.a.thtg puitpoo eo .

IMPLEMENTATION : In6LaIlation and uoe 06 a. pLtoL opexatLng oyotem Lo pxoduc.e.
qua &~icatian Leot boaxdo , mon1~tok eL~icient pol&1tion LevefA, and develop
ope/tating p itocedwtu.

RELATED EFFORTS :

RISK FACTOR: Medium

Science Applications, Inc.



MANUFACTURING TECHNOLOGY 5TLD~ —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO . 27 
—

TITLE : Adapti ve Cont’w t 06 V/ tAil Tem p - PCE Soa/t.d Application

COSTS : $SoK FY80

ARE A OF COST SAVINGS : PCB, Small haxdwa/te, 04

METHOD OF COST SAVINGS : Mana6actwring Method6 , 03

APPLI CABLE NAVY SYSTEMS : AU MLO4LLe,6 #90
All Electxo nico 093

TE CHNICAL OBJECTIVES: Vevelap adaptive d.tLlling Lo contko t omeax in PCB boaxd
holes .

BACKGRO UND: Mo ’zmal pxocedwte ~~ -to a~e a. chemical omeak xemoval Lecitnique;
hotue.vex TeLlon and Polylinide (hig h peit~o’tmance) boaxd6 axe not able to be
Lxealed in LhA.4s way . ALL omeax pxo blein6 xelale Lo exce4oive dkLU Lempe/ta.tuxeo .

APPROACH : Meao wt.e and co~ttkoL dn.iU bit Lempexaf.i~xe

BENEFITS : Many - in xedu.ced need Lox chemical Lkeatment equipment, in -towex
xejec.t6 etc. Cont’tactok eotiinateo at 1% 06 categoky

IMPLEMENTATION : W.V L~~ck by cont’tacton. would be teoted in pLlo.t p/ wdu.c.tion

- - RELATED EFFORTS: W.V by cont’cactox

RISK FACTOR: Low La medium

Science Applications , Inc.
— .

~~~~ ~~
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MANUFACTURING TECHNOLOGY 5TtD~ —

ELECT RONICS MT P ROJECT DESCRI PTION PROJECT NO. 28 (A608A )

TITLE: Coaxial Magnetxon-Veoign Lox Manu~ac~twte

COSTS : $ IOO K FY80

AREA OF COST SAVINGS: Special Lube.~, 02

METHOD OF COST SAVINGS : Manu-Lactu/ting Metitod6 , 03

APPLICABLE NAVY SYSTEMS : TPV-59 Radax #L2 1, APS 115 Rada.k, 0L35
Hakpoon 0M60 , Phoenix 0M63

TECHNICAL OBJECTIVES : Pevelop new hobbing Lechniqu.eo Lo manaLactuxe cathodeA

BACKGRO UND: Ola LechnoLogy u4ed in magnet/ton mana~actWcing cwvtentAj .

APPROACH : Wot opeci6ied by conL’uzc.Lak

BENEFITS : Cont~acton. e.otàna.teo 06 20% oavingo xetate.o La about 5 to 10% o6
calegoky in oelected anLt6

IMPLEMENTATION :

RELATE D EFFORTS: Ye6 , oeveiw~L pxopooed Mmy pxoj eclo at ECOM ConLexence,
e.g., A609A and A6 I OA

RISK FACTOR: Mediwn

Science Applications , Inc.
— — ---- —- -— -——---———-.-— —-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



: ~ — MANUFACTURING TECHNOLOGY 5TU~ ?

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 29 (A609A , 637 A )

TITLE: ManuLacLwtA.ng Method6 - Fxeqaency Agile Magnet ’tono

COSTS : $150K FY80; $100K FY81

AREA OF COST SAVINGS : Special Lu.be4, 02

METHOD OF COST SAVINGS : Manu~actuJring MetJtado , 03

APPLICABLE NAVY SYSTEMS : Ha/tpoan M-Lo4 Ue #M6 0 TPS 59 Radax 0L2 1
Phoenix 0M63 Al’S 115 Radax 0L35

TE CHN I CAL OBJECTIVES: Vevelop impxoved Lkequ.ency agility mechanhlstn6 . Vevelop
pooLtive phased magnet’wno , develop xeplaceable vacuum cJtambexo.

BACKGROUND: Fkequ.en*~j  agility mechanism £4 a ca~L dnivex in magnet/to n Lube cooto .

APPROACH : Review advanced ma.te’tiaiA, Lubki cant4, etc., Lox impitoved oeleclion.

BENEFITS : Contkactok e6timate6 at 5% Lox Lubeo which £4 2 La 3% 06 ca~tegoky

IMPLEMENTATION : Via. development p/ tog/ tam

RELATED EFFORTS: Conineitc2al Lubes 06 pooitive phaoe type aAea.vaitable
at ci~ot ~a.vingo.

RISK FACTOR : Med .iwn

Science Application s, Inc. —
~~
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MANUFACTURING TECHNOLOGY 5TU~~

ELECT RON ICS MT PROJECT DESCRIPTION PROJECT NO. 30 (450 1)

TITLE: “Mao g low” Pta~ting on Connec~toko

COSTS : $1 00K FY80 ; $5 0K FY81

AREA OF COST SAVINGS: CableO , 0 1

METHOD OF COST SAVINGS : Manu6actu.x-Lng Method6 , 03

APPLICABLE NAVY SYSTEMS : ALL Qlec.-t’WpiicA 093

TECHN I CAL OBJECTIVES: Ve/tiLy the oaLtabiLL-ty 06 the “Naoglow ” plating
pxocedw~ ao a goLd o abo Lit ate.

BACKGROUN D: Gold plates £ntcaconnect~s axe now otandaxd, bat expen6ive;c o o t x 2

APPROACH : Subo-tLtute mateitiaLs 06 equal ox beltex /uulia.bilthj .

BENEFITS : Coot savingo in intexconnects 06 neaxtg a Laetox 06 2. Relateo La
a. savi.ngo in cabLes 06 up La 5%.

IMPLEMENTATION : Via an extensive ej wij tonmental LeoL oexving to asowte
xeLiabiLVly. - -

RELAT ED EFFORTS: Yes , ~ibe.ir. optics c.orrrpetet. Also oee Pxoject 52.

RISK FACTOR: Medium.

Science Applications , Inc. —‘
~
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MANUFACTURING TECHNOLOGY 5TU~? —

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO . 31 (A50 3 )

TITLE: Low CooL Machine Ins en,table Tantalum CapacLto ito

COSTS : $100K FY80; $50K FY81

AREA OF COST SAVINGS: Passive Cornponent6 , 07

METHOD OF COST SAVINGS : Pxodaction Volume, 01

APPLICABLE NAVY SYSTEMS : AU electxonics 093

TECHNICAL OBJECTIVES : Vevelop &npkoved plastic coating method Lo make
capaciton~s meet mil-~ pea on hwnicWty

BACKGROUND: Kexm-c~tically oecied c.apacLtc~to axe inapp~wpiziate Lo~ 
machine

ins e4tion; plastic capacLto’to axe s uitable. and axe oupeniax in moot
opeciLiaa..tions except humidity

APPROACH : Vevelop a moistuxe / tesiotan.t plastic cas e Lox capacLton2

BENEFITS : Contkactax est&nate.s a 10% s avingo in capa/2L to/ to ox a 3% s avings
in catego/ ty

IMPLEMENTATION :

RELATED EFFORTS : Unk nown

RISK FACTOR : Low to medium

Science Applications, Inc. —
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- MANUFACTURING TECHNOLOGY 5TU~~

ELECTRON I CS MT P ROJECT DES CRIPTIO N PROJECT NO . 32 (4. 314. 317 )

TITLE: Fibxe Optics Signal Cables

COSTS : $250K FY80; $250K FY81; $150K FY82

AREA OF COST SAVINGS : CabLes, 01

METHOD OF COST SAVINGS : Volume , 0 1

APPLI CABLE NAVY SYSTEMS : AU a JwJr~aLL #91
AU elec2tonics 093

TECHNICAL OBJECTIVES: Pxodace a ~LandaJtd d~~ign and Length cable oui.tc.ble
6o~ 

many applications .

BACKGROUND: Fib~e. optLes co~sto now axe. high a~~ to Zow votu.me

APPROACH : Con glome&a.te maAJzet

BENEFITS : Lowex cost cables - Lac~to’t~ 06 two ox bettex, pxo feat 10% savings
in catego/ ty

IMPLEMEN TATION : Via design competition 6°~ otanda/t d6 - pilot pitoduetion and
Lest

RELATED EFFORTS : Yes, t~oo 6i.itmo axe in.texested at Least

RISK FACTOR : LOW

Science Applications, Inc . —
~
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- MANUFACTURING TECHNOLOGY 5TU~ ’ —

I
ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 33 (A 6218)

TITLE: GaA6 FET/ Replzzcenient Lox TUfT

COSTS : $250K FY80; $250K FY81

AREA OF COST SAVINGS : Vi4 cxete SemLcondacto/to , # 5

METHOD OF COST SAVINGS : Mana~actWting Methods , 03

APPLICABLE NAVY SYSTEMS : Radax and EW @ 10% 06 aLL Elect/ tonics 093
Aegis OSOI via AN/S PY- 1 Radax
Il’S 59 021
PRC 104 Radio # L18 VIP EW 0L23

TE CHNICAL OBJECTIVES : ~~~~~~~~~~~~~~~~~~~~~~~~ in cxysLal gxowtit,
photoUthogitaphy, etc. , 6o~ 

GaAs FEY

BACKGROUND: Cwtiten.t Co414 axe Lao high, yieldo Loo Low

APPROACH: Via detailed technology iinpxovement4

BENEFITS : Lowex coot powex ampLi~ieM . Estimate a. 1% s avings in cLttego’ty
#5 a~ the / te.sult 06 this woniz

IMPLEMENTATION :

RELATED EFFORTS: Yes at oevexcZ Li/uns

RISK FACTOR: MediUm

- 

Science Applicat ions, Inc. -
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MANUFACTURING TECHNOLOGY STUD’?

I

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 34 (A 630 8)

TITLE : Pa.tteitned Poly tmide-Siloxan e Coating~

COSTS : $ lOO K FY80

AREA OF COST SAVINGS : Viocxete Semicondactoits , 05

METHOD OF COST SAVINGS : ManuLactuAing Methods, 03

APPLICABLE NAVY SYSTEMS : ALL elect/tonics 093

TECHNICAL OBJECTIVES : Apply Polyiinide- Siloxane coatings to high powen.
£nte’tdigLta.Led o emicondac~ton.o.

BACKGROUND: Isolation o~ gate and bas e Ling e’ts 6/t om main elec.txode plate
conta..ôving cathode on. ein~f.ttex

APPROA CH: Use 06 polyiinide .siox.ane in pxodii.ction pxaceso as a. type 06 “xesioL”
in Utkogxa.phic pn.odu.ction -

BENEFITS : ContAactox estimates at 10% Lox thes e devices - on. about 1% 06
categon.y

IMPLEMENTATION : In oevetal types 06 powex cixcuits including Lhyniotoxs ,
powelt tkansisLo hA etc.

RELATED EFFORTS: None Known

RISK FACTOR: High

Science Applications , Inc.

~
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-. MANUFACTURING TECHNOLOGY STU~V —

ELECT RON ICS MT PROJ ECT DESCRIPTION PROJECT NO. 35 (A727 )

TITLE : ~~~~ Thin Cappen. CLad Laminates

COSTS : $220K FY80; $160K FY81

AREA OF COST SAVINGS : lntegxa~ted C~.xcwits , 03

METHOD OF COST SAVINGS : Volume 0 1 , Maiw.6actwring Methods 03

APPLICABLE NAVY SYSTEMS:AU Missiles 09Q
AU AiAcita.L-t *91
AU Elect/tonics 093

TECHNICAL OBJECTIVES: Pn.odu.ce low coot maso pxoduction methods us ing wWw.
thin ( 5a ~) metaLlic clad dielectnic. laminates - Vevelop pxint and etch
Lechniqaes Lox thes e

BACKGROUND: Conventional ce’tamic subot’Lates axe high coot and con.tnibute
to Low yield

APPROACH : Substitution 06 substacles

BENEFITS : Con.tAac.to’L cla.öns vast impxovemen.ts plus inc/tease oL p~oduction
bas e - imposoible to quanti6y at this time. Asoume a coot s avingo 06 2% in
this calegoxy 6o~ ‘uvting pwtpoo es

IMPLEME N TATION : Via. a. pilot pxodaction p/ to gxam

RELAT ED EFFORTS : Yes Many

RISK FACTOR : High

Science Applications , inc .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



MANUFACTURING TECHNOLOGY STUDY V

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 36

TITLE: Lig hV.tweigh.t R.F. Stxiptine Assembly

COSTS: $l2 oK , FY80

AREA OF COST SAVIN GS : Cables and Cabinets 01

METHOD OF COST SAVINGS : Manu~a~ztu.’ting Methods 03

APPLICABLE NAVY SYSTEMS : AN / TPS-59 Rada&, L21
AL Q-7 8 ECM Set, L32
ALR- 59 ECU Set, L33

TECHNICAL OBJECTIVES : To lowe’t the cost (and weight) aL xow Leed R. F.
ass emblies by an £mpxoved manu~acLuxing technique.

BACKGROUND: Pxeo ent design is a sandwich 06 6lexi~bLe Loam, aluminum clad
Balsa, and honeycomb matenial. An integnol design would lowex co sts , n.educe
paxts aowvt, and Lowex weight.
APPROACH: Integxaled mechanical and electnicat design has Led La seve/tal
possibl e manu6actuxing techniq ues . At pxes ent a. ot’w ctuitat Loam plastic
method appeaxo pxoinc.s ing .
BENEFITS : Cont/uzc.tox estimates that a. d~amatic lowening 06 xaw Leed costs ,
this Lxansla.tes into a eventual 20% s avings in this calegoxy .

IMPLEMENTATION Via. a study oL, and pilot pxodw2tion with, the twO On. Lhxee
leading manu6a.ctuft.ing methods aL&eady iden.ti6ied.

RELATED EFFORTS : In house contta.c.ton. R and V accompLished.

RISK FACTOR: Medium,,

Science Applications , Inc.
— _V~~VV V~ V V _  V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



• MANUFACTURING TECHNOLOGY STUD’? —

ELECT RONICS MT PROJECT DESCRIPT ION PROJECT NO. 37 (A324 )

TITLE: Low Co~L Mi citochanneL Plates

COSTS : $250K FY80

AREA OF COST SAVINGS : Senso/ to , 02

METHOD OF’ COST SAVINGS : Manu6a.ctu,ring Methods , 03

APPLICABLE NAVY SYSTEMS : Night Vision (see pxoject 95) devices which aite
appn.ownalely 1% 06 aLl ELecl~onics 093

TECHNICAL OBJECTIVES: Veve.lop low cost mana6actw~ing methods Lox mLcxo channel
p lates - include a design Lox manu~actwtabilLty analysis

BACKGRO UN D: Cwvtent costs axe high; yield is vexy Low; pn.oject wiLL add’te.ss
these cost dkivens .

APPROACH : Chemical etch techniques wilt be i.mpxoved

BENEFITS : Gxea.t Lan. the item, which is about 10% 06 sens on. ca~tegoxy in
selected item. Net s avings axe °6 the oxden. 06 0. 1% 06 ca.tegony in all
elect/tonics

IMPLEME N TATION : ZRD complete

RELATED EFFORTS : Yes

RISK FACTOR : Medium

- Science Application s, Inc.
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— MANUFACTURING TECHNOLOGY STUD’1 —

EL ECTRONICS MT PROJECT DESCRIPTION P ROJECT NO . 38 (A 1215 , 1228)

TITLE: GaAs Micxowave Cin.cwits - Manu6actuxabiUty

COSTS : $500K FY80; $500K FY81

AREA OF COST SAVINGS: Visc’tete Semicondacton.s, 05

METHOD OF COST SAVI NGS : Manu6actw~ing Methods, 03

APPLICABLE NAVY SYSTEMS : Aegis 0501 , via AN SPY- i Ra.da.’t
1~~-5 9 O L 2 J V VTP EW # L23
ALW — 78 0L32 ALR-59 033
Rada.x and EW @ 10% 06 AU Eleclaonics #93

TE CHNICAL OBJECTIVES : Impn.ove manaLactuiTing yield and lowen. coot CL GaAs
devices

BACKGROUND: GaAs devices have potential to xeplace many syo tems in HF devices

APPROACH : CAV techniques, automated manLLLa.ctu.ning cont’tol and pxoceso monLtoning

BENEFITS : Gneatly n.educed costs - estimate at savings 06 2 to 3% 06
cD-tegony *5

IMPLEMENTATION :

RELATED EFFORTS : Yes Seve/tat

RISK FACTOR: Medium

p Science Applicat ions, Inc.
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MANUFACTURING TECHNOLOGY 5TUD’~’ —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 39 1A12 98)

TITLE : MNOS Memonij-Tni Metal ROM

COSTS : $20 0K FY80; $20 0K FY81

AREA OF COST SAVINGS:  Integnated Cin.cuLts , 03

METHOD OF COST SAVINGS : Manu6actu.ning Methods , 03

APPLI CABLE NAVY SYSTEMS : PRC- 1 04 0L18
Comwtications Equipment @ 7% 06 AU Electnonics 093

TECHNICAL OBJ ECTIVES: RepLace mechanical tuning a.vta.ngement ui_ th elect/to nic
memo/tg

BACKGROUND: Thexe is a need 6o~ 
channel memoky to exist in a Lield n.adio

APPROACH : AdapL a convnen.cia.l EROM- us e a special he’zmeticLly s ealed plastic
package

BENEFITS : L0w9Jt cost, ~ e2d pxognmmnabiPity. Savings alte in the on.de.n. 06
2 to 4% 06 catego/ ty .

IMPLEMENTATION : Thitoug h adaptation 06 coninexcial development

V RELATED EFFORTS: None Known

RISK FACTOR: Medium

Science Applications, Inc.
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• — MANUFACTURING TECHNOLOGY STU D? —

ELECT RONICS MT P ROJECT DESCRIPTION PROJECT NO. 40 (A743 ,  746)

TITLE: Low Co~L Polyimide MW-PCU8’s

COSTS : $203K FY80, $50K FY81

AREA OF COST SAVINGS: Small Ilaxdwan.e PCE , 04

ME THOD OF COST SAVINGS : ManuLac.tu.king Methods, 03

APPLICABLE NAV Y SYSTEMS : AU fl 1j4411e4 090

TECHN I CAL OBJECTIVES: Vevelop Polyimide , and epoxy modi Lied polyimide hig h
Lempeitatwte xesistant boaxd mateninl

BACKGROUND: Pite.sent epoxy-glass boaxds Lait in manu~actwr.e becazLs e o~
inadequate high tempeV ’tatu.n.e itesistance

APPROACH: Ve6Lne mateitial pitopeit.ties, and 6abn~ic~ction pitoceduite that
withstand the high pitocessing tempen.atim.es

BENEFITS : 5a.v~ng5 06 10% on PCB ox I to 2% Lox categaity 4 axe estimated
by the contxacton.

IMPL EMENTATION : Anotheit cont’~.acton. would Like to impitove the basic epoxy
• pn.odtw..tion contn.ol - lack 06 which at pn.esent causes Loss 06 yield. La/age - -

bene6its axe cLai.med

RELATED EFFORTS : Seve~al

- 

-
- 

RISK FACTOR : Medium

Science Applications, Inc .
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MANUFACTURING TECHNOLOGY 5TU~ ’ —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 41 (A 603A )

TITLE: Semi-Automated Miiatwte TUJr Assembly

COSTS : $150K FY80; $225K FY81

AREA OF COST SAVINGS : Sensoxs , Special Tubes , 02

METHOD OF COST SAVINGS : Volume 01

APPLI CABLE NAVY SYSTEMS : Aegis 0S0 1, via AN/ SPY- 1 Radax
VTPEW 0L2 3, TPS—5 9 0L2 1
ALQ~-59 0L33 AL Q—78 0L32
Rado.x and ~W @ 10% 06 AU Electitonics 093

TECHNICAL OBJECTIVES: Establis h pxoduct-Lon techniques Lox volume manuLactwting
06 TWT ’s

BACKGRO UND: Pn.es ent TUrr manu6actuiting is in small batch pn.oduction

APPROACh. .2ommon elements such as collecton. assembly, gun assembLy 6o~ 
2 to

18 Gtf z ‘w.n~e, also RF stn.uctwte could be rnodulanized

BENEFITS : Giteafly imp/toyed TWr cost, iteliabiUty incn.eased, manuLactwTing
yield impn.ovement als a. Cont/uzctox estimates 10% savings in TUJr xelctes
to 5 to 10% in categon..y 6o~ 

systems tested.

V IMPLEMENTATION :

RELATED EFFORTS: Seven.a2

RISK FACTOR : Low to medium

Science Applications, Inc. -~~~~
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• - MANUFACTURING TECHNOLOGY 5TU~~ —

ELECT RONICS MT PROJECT DESCRIPTION P ROJECT NO. 43 (A1 16A )

TITLE: LOA9e Scale Hybnid Assembly and Test-Automation

COSTS : $150K FY80 ; $150K FY81

AREA OF COST SAVINGS : Hybnid cL’tcuit~, 06

METHO D OF COST SAVINGS : Mana~actwting Methods, 03

APPLICABLE NAVY SYSTEMS : ALL eLect/tonics 093 
-

TECHNICAL OBJECTIVES: Ce’tti6y and demon.st&ate impitoved hy bn.id pn.ocessing
techniques.

BACKGRO UND: Many contxactans assemble hybnid cJ.itcuits and cwtkently much
hand labon. is involved.

APPROACH : CeatL~y mechanization techniques including the use 06 Leadless
inve~ted devices

BENEFITS : Eventually a 30% ~tedu.c.tion in categon.y is estima~ted by the
co~vtkaLcto/L

IMPLEMENTATION : Via cetti6ica.tion oL pn.ocedu.ite pilot demonst ’wtion, and
handbook V - V

RELATED EFFORTS : Yes, Many

RISK FACTOR : Medium

U . . .—Science Applications , Inc . —
~~~
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• 
— MANUFACTURING TECHNOLOGY 5TU~~ —

ELECTRONICS MT P ROJ ECT DESCRIPTION F~ROJ ECT NO . 43 (A 11 6A J

TITLE: La) tge Scale Ky bnid Assembly and Test-Awtomation

COSTS : $150K FY80; $150K FY81

AREA OF COST SAVINGS : Ily bnid cixcu.Lt8, 06

METHOD OF COST SAVINGS : ManuLactu.i~ing Methods, 03

APPLICABLE NAV Y SYSTEMS : All eLect/ tonics 093

TECHN I CAL OBJECTIVES: CentiLy and demons tn.a~te impn.oved hybn.id pxocessing
techniques .

BACKGROUND: Many capvt&acton.s assemble kybicid cin.cuAt~ and cwiicentLy much
hand Labon. is involved.

APPROACH : CeIt.tLLy mechanization techn.iqaes including the use 06 lead.Less
invented devices

BENEFITS: Eventually a 30% xedaction in categon.y is estimated by the
conIJutc.tOiL

IMPLEMENTAT ION: Via centi6icatLon 06 pn.ocedu.n.e pilot demons t’ta~tion, and
handbook V

RELATED EFFORTS : Yes, Many

RISK FACTOR: Medium

Science Applications, Inc .
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MANUFACTURING TECHNOLOGY 5TU~ ’

ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 44 V

TITLE: Computex Contxolled Machine Tools

COSTS : $375K FY80

AREA OF COST SAVINGS : Sappoxt &tbo/t, 0 10

METHOD OF COST SAVINGS : CapitaL , 02

APPLICABLE NAVY SYSTEMS : BQJZ—21 0L13 A YK-14 0L26
SQQ—5 OL1Q
SQQ—23 0L7 2
UYK— 7 0L24

TECHN I CAL OBJECTIVES: I nput 06 basic engineen~ing data to computeit - contaols
machine tools

BACKGRO UND: Cwvtent p ’tactice is not integ’to..ted

APPROACH : Coir ~puten. based data, tn~a.ns Len., implementation

BENEFITS : $50 to 100K/yea/t on a 30M/yea/t pn.oject on. 1 to 2% 06 categoity

IMPLEMENTATION :

RELATED EFFORTS : Many - USAF T CAM , 6°~ 
exampLe

• RISK FACTOR : Medium

‘ I
,

~Science Applications, Inc.
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- MANUFACTURING TECHNOLOGY 5TU~~ —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 45

TITLE: Impn.oved/Au.tomated Standa-’td Machining Pn.ocesse.s

COSTS : $250K FY80; $250K FY8 1

AREA OF COST SAVINGS : Fabitication labox , 09

METHOD OF COST SAVINGS : Capital, 02

APPLICABLE NAVY SYSTEMS : 5QR21 #L 1 3 ; 5QQ~-5 ~L70; SQQ-23 0L72
All electxonics #93
UYK- 7 0L24; AYK -14 0L26

TECHN ICAL OBJECTIVES: Acq uiae new N/C machine tooLs-emphasis on modi6ica.tLan
to include buiLt in diagnostics to rnonitan. p/tog/tess in plan - to meas wr.e

e66ec~t and coat e66ec~tLveness 06 tool.

BACKGROUND:

APPROACH : Ve4~ y cost eLLec~tiveness 06 N/C tools.

BENEFITS : Can.t&acton. estimates at 2% °6 categoity.

IMPLEMENTATION : LaAgeZy via pun.c.hase 06 new tools , and to study tJtwt eLLect
on pitoductiLon. - - -

RELATED EFFORTS : Many

RISK FACTOR : Low

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY 5TLD’ —

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 46

TITLE : Automated PC8 Ins e’ztion

COSTS : $50K FY80

AREA OF COST SAVINGS : Assembly Labon., 08

METHOD OF COST SAVINGS : Capital, 02

APPLICABLE NAVY SYSTEMS : BQ.R-21 #L13
ALL electxonics 093
SQQ~-23 0L12
BQQ— 5 0L10

TECHNICAL OBJECTIVES: Ven.i6y the pe/tLo/cmance 06 automatic component iiuenZion;
quantiLy cost eL6ectiveness .

BACKGROUND:

APPROACH :

BENEFITS : About 0.2 to 0.4 % 06 categoxy 8.

IMPLEMENTATION :

RELATED EFFORTS:

RISK FACTOR : Low

Science Applications, Inc. 
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MANUFACTURING TECHNOLOGY 5TUDY —

P0
ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO . 47

TITLE: Flat UJin.e ~ntekconnects

COSTS : $ 75K FY80

AREA OF COST SAVINGS:  CabLing , 0 1

METHOD OF COST SAVINGS : Manu~actu~/iJ~ng Methods , 03

APPLICABLE NAVY SYSTEMS : SQR-21 0L7 3
A-U e&ct’tonics #93
BQQ- 5 0 L70
SQQ— 23 0L12

TECHN ICAL OBJECTIVES: Replace staitdaAd wixe cabling w~Lth LIat wte. Investigate
the methods 06 connecting to teiuninaLs etc., cabLe. constnitction, and ha0&nessing .

BACKGROUND:

APPROACH :

BENEFITS : Contitacton. estimated at 1.0% 06 cc~tego/uj I

IMPLEMENTATION :

RELATED EFFORTS: Yes, ~ bex optic. cables, Lox example.

RISK FACTOR : Medium

Science Applications, lnc.



MANUFACTURING TECHNOLOGY 5TU~~

ELECT RON I CS MT P ROJECT DESCRIPTION P ROJ E CT NO. 48

TITLE : Automatic Sona)i. Test Eqaipme.nt

COSTS : $600K FY80; $800K FY81; $600K FY82

AREA OF COST SAVINGS : Test Labon., 011

METHOD OF COST SAVINGS : CapitaL, 02 -

APPLICABLE NAVY SYSTEMS : BQR-21 0L13; SQ~Q23 0L1 2; BQQ- 5 #L10

TE CHNICAL OBJECTIVES: Constn.uct and evaluate the pex6oitmance 06 a laxg e
awtomatLc test system Lox a. digital sonan. system.

BACKGRO UND:

APPROACH :

BENEFITS : Estimates by contnac.ton. at 10 to 15% 06 test labon..

IMPLEMENTATION :

RELATED EFFORTS : Many

RISK FACTOR: Medium

Science Applications, Inc. —~~
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MANUFACTURING TECHNOLOGY 5TU~~ —

ELECTRON ICS MT P ROJ ECT DESCRIPTION PROJECT NO. 49

TITLE: Mi c’topxocesson. Replacement in Vigita.L Sona/zS

COSTS : $250 K FY80; $250K FY81

AREA OF COST SAVINGS : lntegxa.te.d Ciacuits , 03

METHO D OF COST SAVINGS : ManuLactwting Methods , 03

APPLICABLE NAV Y SYSTEMS : BQ~R-2 1 0L13
5Q9— 5 0L1 0
8Q51—23 0L12

TECHN I CAL OBJECTIVES : Vemonst’tate the cost eL6e.c.tiueness 06 rnicxopn.ocess ox
technology in Lange scaLe digital s onax systems

BACKGROUND: Replacement oL cos tLy special pwLpoVo e IC’ s ~zlth genen.aL-Low cos t
micxopkoce.sso/ts

APPROACH: Via design Lox ma.na6actuite

BENEFITS : Contxacton. estimates 4 to 8% 06 IC ’ s - ca.tego/ ty 03

IMPLEMENTA TION : Study phase to deten.mine 6easibi~i~ty test and v&Udation
phase V

RELATED EFFORTS : Many

RISK FACTOR : Low to medium pnoceduxe. has woxked in contnexciaL a.&ea

Science Applications , Inc.
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• -~~~~~~~~~ - MANUFACTURING TECHNOLOGY 5TU~~ —

ELECT RONICS MT P ROJECT DESCRIPT ION PROJECT NO. 50

TITLE: Automated Wi4VLng System

COSTS : $500K FY80; $1000K FY81; $1000K FY82

AREA OF COST SAVINGS: Ass embly Labox , 08; Test Labon., 0 11

METHO D OF COST SAVINGS : Capital eq, 02; Manu~actwcing Methods , #3

APPLICABLE NAVY SYSTEMS : BQR-21 0L 13 ,
AU eiectxonics 093
BQQ-5 OL IO
SQ9 -2 3 0L1 2

TECHNICAL OBJECTIVES: Ve.velcp a complete CAM system 6o~ 
wining bacJ~ pa.ne.ls ,

including testing.

BACKGRO UND:

I,

APPROACH: E&tC.VbU&h a. dedicated compute.’t with so6t~uwte sys tem to gene/tate
wute lists 6Mm wining schematic, p/t og/t am w~ite w’r.ap made diJtectly;tests Lox
continuity pen. Lonmed automaticaLLy

BENEFITS : 5 to 15% oL assem bly labo’r. (categoiuj 08) estimate by con.t’ca.etoir.

IMPLEME N TATION :

RELATED EFFORTS : Many

RISK FACTOR : Medium

Science Applicat ions, Inc.
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MANUFACTURING TECHNOLOGY 5TUDY ——

ELECT RONICS MT PROJECT DESCRI PTION PROJECT NO. 51

TITLE: Compu..teit Pxocessed Shop Ins t~u.ctions

COSTS : $200K FY80

AREA OF COST SAVINGS : Suppont Labon., O IQ

ME THOD OF COST SAVINGS : CapitaL , 02

APPLICABLE NAVY SYSTEMS : 8QR-21 0L13
AU e2ec.t~onics 093
8Q9-5 ~L 1O
SQQ—23 OL IZ

TE CHNICAL OBJECTIVES: Evaluate the cost-e66ec.tivene_ss 06 a computen. based shop
inStkuction system

BACKGRO UND:

APPROACH :

BENEFITS : Contn.actox estimates at 2 to 3% 06 categon.y 10

IMPLEM ENTATION :

RELATED EFFORTS : Yes

RISK FACTOR: Low to medium

Science Applications, Inc. -
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MANUFACTURING TECHNOLOGY STU~~ —

ELECT RONICS MT P ROJ ECT DESCRIPTION PROJECT NO.52 (A 502 , 507 )

TITL E: Substitution 06 GoLd Plating - Inte/tconnections

COSTS : $150K FY80; $200K FY81

AREA OF COST SAVINGS : CabLes, 01

METHOD OF COST SAVINGS : ManuLac tu/r.ing Methods , 03

APPLICABLE NAVY SYSTEMS : ALL elect/tonics 093

TECHNICAL OBJECTIVES: Vevelop and test xetiable low cost inte’tconnecta

BACKGROUND: Gold pLated intexconnects an.e now standa/td, but expensive; cost ~ 2

APPROACH : Substitute mateki.a.Ls 06 equal on. betten. xeLiability

BENEFITS : Cost savings in inten.connects 06 neaxLy a Laclon. 06 2. ReLates
to a savings in cables 06 up to 5%

IMPL,EMEN TATION : Via an extensive envinonmental test senieo to ass uite
n.~~ abiLity

RELATED EFFORTS: Yes , (riben. optics competes. Also, see Pn.oject 30.

RISK FACTOR: Medium

-Science Applications, Inc. —
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I — ~~~ MANUFACTURING TECHNOLOGY ST’~D1 —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 53 (A 840 . 842)

TITLE: Mechanized Fabnicotion-FlexiblLe Muitilayen. PCB

COSTS : $100K FY80; $200K FY81; $250K FY82

AREA OF COST SAVINGS : Small ha/zdwctxe PCB , 04

METHOD OF COST SAVINGS : Mo.nuLactu.t-ing Methods , 03

APPLI CABLE NAVY SYSTEMS : ML Aixc’ta6t 09 1
All Elect/ tonics 093

TECHNICAL OBJECTIVES: Veve2op a continuous pxocess method 6o~ LlexibLe
pninted wining

BACKGRO UND: Pitesep~t batch techniques axe !Jj nited to 18” , and laboli.
intensive in addition

APPROACH : Select automated equipment, solve pxoblems such as s-txess in ‘toll
Lainiitated coppen. - clad matexia2, develop tooling -that allows taye.x n.egist’ta..tion

BENEFITS: Contn.a.c-tox estimates savings at 25 to 30% Lox item on. about
2 .5 to 3% Lox categon.y

IMPLEMENTATION : Fi ’un equipment s wtvey titxough pilot line ope/cation

RELATED EFFORTS: None tznown to be won.king on continuous p ’tocesses; many in
genexa.t axea howevex (this &ukite up is bas ed on 2 contn.actok pxoposats )

RISK FACTOR: Medium

Science Applications, Inc . —
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MANUFACTURING TECHNOLOGY 5TU~ ? —

ELECTRONICS MT PROJE CT DESCRIP TION PROJECT NO. 54 (A 862 )

TITLE: Waten.-SoLubLe Ong aitic Flux Flow Soldening

COSTS : $300K FY80; $150K FY81

AREA OF COST SAVINGS : Small haxdwcite PCB, 04

METHOD OF COST SAVINGS : ManuLa.ctuning Methods, 03

APPLICABLE NAVY SYSTEMS : AU elect’tonics 093

TECHNICAL OBJ ECTIVES: Veve&’p use oL watex-soltthle on.ganic Liux

BACKGROUND: Attiwugh wa-tex soluble onganic. Leuxes axe fznown to have excellent
soldena.biiJttj pxopenties they axe not cu.vten.tLy being applied

APPROACH : Vemonst’w~te applica.biJJ.ty in a mLUthvr.y pnoduction Line

BENEFITS : Con.tkactox estimates 10% in PCB ox about 3% in this cost
ca.tegoky

IMPLEMENTATION : VemonA.tka.tion and documentation de6ini2ion 6ok new mit spec

RELATED EFFORTS: Unknowt

RISK FACTOR: Low to medium

Science Applications, Inc. —
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MANUFACTURING TECHNOLOGY 5TU~ ? — —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 55 (A 836 )

TITLE: HF Removal Technique-V/till Smeax PCB

COSTS : $150K FY80; $100K FY81

AREA OF COST SAVINGS : Small hoAdwaxe PC8, 04

METHO D OF COST SAVIN GS~ ManLL~actwuing Methods , #3

APPLICABLE NAVY SYSTEMS : AU elect’tonics 093

TECHNICAL OBJECTIVES : Vemonst’uvte high ~xequency vibn.ation method 06
cleaning PCS boaxd holes

BACKGROUND: Vnili smeax ha~ been £denti 6ied as a pn.obl em in a nwnben. 06
pxo j ects dLxected towaxd Lowex cost PCB V

t APPROACH : Us ing hig h Lxeq uency vibxation in combination with chem.icat and
V mechanical techniques

BENEFITS : Contnactox estimates 10% 06 PCB cost on.— 3% Lox categoxy

IMPLEME N TATION : Pilot pxodu.cLion line

RELATED EFFORTS: Yes, veity many

RISK FACTOR : Low to medium - technique has been demonst’tated oLteady

Science Applications, Inc.
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_ _ _ _ _ _ _ _ _  MANUFACTURING TECHNOLOGY 5TU~1 —

ELECT RON ICS MT PROJECT DESCRIPTION PROJECT NO. 56 (A 5 30)

TITLE: Automated Cable Haxness ManuLactuxe

COSTS : $350K FY80; $200K FY81

AREA OF COST SAVINGS : CabLe 01 , AssembLy Labon., 0~

N€ TWOD OF COST SAVINGS : Manu6ac.timing Method, 03; Capital, 02

APPL ICABLE NAVY SYSTEMS : AU eLec.ttonics 093

TECHNICAL OBJECTIVES : VeveLop a Lulty automated wine haxness man.u~actzm.ing
centelT.

BACKGRO UND: Cwvten.t pxactice is to cut and st ’iip wutes by hand initially, then
Lay into haxness . Loss 06 wine and labox due to too shont wine-nicked condactox
etc.., and tedious La.bon. a-xe. encounteited.

APPROACH : ReeL wine and nztu.te pitiox to cut and teitminate lasex insuLztion
st nip ping by iq ic cont’tolled xouting

BENEFITS : La.kgc_-con~tkacto’L estimates ROT 06 20 but u.ncleax what pn.odu.ction
base. Es timate a 1 to 2% saving in catego/ty

IMPLEMENTATION : Manu6ac.tuM pilot pn.oduc..tion

RELATED ~FFORT S: Yes sev ex.o2 - incLwi~ng Libxe optic substitution. ALso
see Ptoject 57.

RISK FACTOR : Medium

Science Applications , Inc. —
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MANUFACTURING TECHNOLOGY STtDI

ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 57 (A 809; SSII

TITLE: N/C Cable Hair.ness Ass embly Machine

COSTS : $200K FY80; $500K FY81; $200f ( FY82

ARE A OF COST SAVINGS: Cable, 01; Assembly Labon., 0~

METHOD OF COST SAVINGS : Manu.~actu/ting Method, 03; Capital , 02

APPL ICABLE NAVY SYSTEMS : AU electn.onics 093

TECHNICAL OBJECTIVES: Veve lop an automated wining machine

BACKGROUND: P’toduction methods Lox kaxness assembly have not changed
appxecibly diming the last decade. The assembly is Vtcvt.gety manual.

APPROACH: Vesign a machine incoxpoita.ting automatic techniques pites en.tty
available in the axeas oL maxking , cutting, i t/tapping , and Lugging (conren.cial)
with cable Loiuning and Liling.

BENEFITS : A 1% to 2% savings in Categoiuj 1 is used 
~
ox ‘toting p wtpooes.

IMPLEMENTATION : Mana6actu.xe pilot piwductLon

RELATED EFFORTS: Yes ma.ny, pxoject 56 Lox ezampte. Two cont’tacton~s eLLonts
n.eponted in this tu’ite up

RISK FACTOR: Medium

Science Applications, Inc.
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ELECTRON ICS MT P ROJ ECT DESCRIPTION PROJECT NO. 58

TITLE: Env.cn.onmentat Test Automation

COSTS : $300K FY80; $400K FY81; $400K FY82

AREA OF COST SAVINGS : Test la-hon., 0 11

METHOD OF COST SAVINGS : Capital eqwipnent , 02

APPLICABLE NAVY SYSTEMS : S.S~ -53 0L7 5;  SSQ-62 ~L 16;  SSQ-41 0L 14

TECHN I CAL OBJECTIVES: Ve,nonstn.ate automatic envijtonmepvtaL test chambeir.
OpeAation

BACKGROUND: Cwtxent techniques use cycLing - this is expensive in enexgy
cost and is lengthy

APPROACH : Use wn~tant envi.xonrnent charnbe’t~ and cycle test equipnent 6/t o m
one e.nviJtonment to a-not hex

BENEFITS : Savings in la-hon. and enexg y - manuLactuxe estimat es 0. 5 % 06 ca.tcgoxy 11

IMPLEMENTATION : Via- design and const/utction o ,S a new tes t chambex axea

V - RELATED EFFORTS: Non e Known

RISK FACTOR : Medium

V _ _ _



• 
— MANUFACTURING TECHNOLOGY 5TU~~ —

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 59 (A 266, 267 , 268 )

TITLE: Automated Optical Inspec tion PCB

COSTS : $200K FY80; $300K FY81; $300K FY82

AREA OF COST SAVINGS : Testing labo’t , 0 11

METHOD OF COST SAVINGS : Manu~acti.ming Methods , 03; Capital , 02

APPLICABLE NAVY SYSTEMS : UYK - 7 #L24
All Missiles #90
All Aircraft #91
All electron i cs #93

TE CHNICAL OBJECTIVES: Develop automat-ic “optical” inspectio n equipnent Len.
PCB testing

BACKGROUND: Cw~ e.nt test costs axe la-box intensive and diLLic.u~U. This p/t o feet
add’t~sses one vaniety 06 test - Lox covtect ass embly , and Lox centain k.Lnd~ 06
Llawo , that axe evident to IR ox hologiuzphic techniques .

APPROACH : Optical chaAactex xe.cognition, ZR scanning - active on. passive ,
holog/uzphic techniques (pu lsed) . SelL letvtning system wiU be investigated.

BENEFITS : Cont’uic.to’ts estimate at 10% 06 categoxy als o impacts xewcn.k

IMPLEMENTATION : Via- equipment pex6onmance ve’ii Lication and pilot demons ln.otion

RELATED EFFORTS: This w4i_ te-up 6/tom 3 cont’zactox pxesentations; many othe.it
6inn~s axe active in this axea.

RISK FACTOR: Low

Science Application s, Inc.
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— MANUFACTURING TECHNOLOGY ~TU~1 —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 60 (A 224]

TITLE: Neax Field Antenna Measuxement

COSTS : $250K FY80; $250K FY81

AREA OF COST SAVINGS : Test labox , 0 1 1

METHOD OF COST SAVINGS : Capital equipment, 02

APPLICABLE NAVY SYSTEMS : Aegis System 0S01 via AN/SPY-i; ALQ-78 #L32
EW DTP #L23; TPS—59 #L21; -

ALR—5 9 #L33

TECHNICAL OBJECTIVES : Vemons l’tate neax LieJ~d test 06 phased twta-y antenna

BACKGRO UND: Pxes ent Lax Lield -tests axe Lengthy a-nd depend on n.ange• ava.iLahiUty, wea.thex etc.

APPROACH : Map necvt Lield meas uxements into meas u~te Lox Lield pexLo~’cmance

BENEFITS : Les4 la-box es timated at 10% savings Lox systems using antennas

IMPLEMENTATION : PxOdLLctiOn equipment is a-va-LIable 6xom one sappUex

RELATED EFFORTS: Yes, ~~ Likms axe in.texested at Least

RISK FACTOR : Medium

Science Application s, Inc.
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~~ MANUFACTURING TECHNOLOGY 5TU~~ — —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 61 (A 213 , 259 , 2 1 2 )

TITLE: P/WdLtCtiOn Test Mo deling

COSTS : $150K FY80; $200K FY81

AREA OF COST SAVINGS : Test lo.box, 011

METHOD OF COST SAVINGS : Manu~actwting Method~, 03

APPLICABLE NAVY SYSTEMS : AU ~.tissiLes 090
AU AuLcnLaLt 091
AU ELect’wnics 093

TECHNICAL OBJECTIVES: Develop optimal test s.tn.o..tegie.s Lox Level and
completeness o L testing dwzing manu~actwiing .

BACKGROUND: Pxes en.t izst SVt’Late.gy va’ries Ln.om one cont’tacton. to anotheit
and ~ xcvteLy studied Lox opti mum appxoaches V

APPROACH: Model 06 ma.nu..Lac~-twiing/ test steps ~uil be Lo1r~muJ~a.-ted and studied.
Study 06 optimum manu.6act~miitg bwu’t-in Lox best value.

BENEFITS : Veciteased La-box, less sctap value Lost. Contnactox estimates n.ange
~‘tom 5 to 30% imp ’wvement . A consexvatLve. estimate 06 10% savings has been
appLied -to -the ca.tego’ty .

IMPLEMENTATION : So (,tu~aAe and data development

RELATED EFFORTS: Yes, thitee aontxactoxs pxesentationo used to develop wk~ite-up.

RISK FACTOR : Mediwn -

V 

- 
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• —. MANUFACTURING TECHNOLOGY 5TU~ t’ —

ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 62 (A 251 )

TITLE: Impn.oved Analog Cixcuit Automated FauLt Isolation SoL.t~uaxe

COSTS : $60K FY80; $40K FY81

AREA OF COST SAVINGS : Test la-box, 011

METHOD OF COST SAVINGS : ManuLactwi_ing Method, 03

APPLICABLE NAVY SYSTEMS : AU eLect/tonics #93

TECHNICAL OBJECTIVES:

BACKGROUND: Little waith on imp/ to ying analog cin.c.uLt~ ivi cont/tas t to digital
cL&

~~~~~
4.

APPROACH : Develop so 6.~WaAe

BENEFITS : Not qu.an.ti~ied by contn.a-atox, but 1% is assumed Lox ‘toting pu.kposes.

IMPLEMENTATION : SoL-twaxe developmen.t

RELATED EFFORTS : Many

RISK FACTOR : Medium to high

Science Applications, Inc . -~~~
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• - MANUFACTURING TECHNOLOGY 5TU~~ — —

ELECT RONICS MT PROJECT DESCRIPTION PROJ ECT NO. 63 (A 231 )

TITLE: Impxoved Test Methods - MOS-Rad tlaxd l C ’ s

COSTS : $ZOO K FY80; $ IOO K FY81

ARE A OF COST SAVINGS : Integit.zVted ciL/tcuLt4, 03

METHOD OF CO3T SAVINGS : Ins titutional, 04

APPLICABLE NA’iY SYSTEMS : AU electxonics 093

TECHNI CAL OBJECTIVES: Develop, document standaxd test pxoceduxe.s

BACKGROUND: No standaxds exist now

APPROACH : Develop pxotocot Lox test, xesuLts pxesenta-tion etc.

BENEFITS : Contn.actox estimates at 50% 06 IC’ s categoxy 03. This seems
way out 06 Line - since not all IC’s need -to be ‘tad-haxd . Es timate at
I to 2 % savings in ca..tegoxy 3.

IMPLEMENTATION :

-
• RELATED EFFORTS: None Known

RISK FACTOR: Low

- 

Science Applications, Inc. 
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MANUFACTURING TECHNOLOGY STUDY —

ELECTRONICS MT PROJECT DESCRIPT ION PROJECT NO. 64 (A 265 )

TITLE : Automated PCB Boaxd Tes t Equipment Development

COSTS : $150K FY80

AREA OF COST SAVINGS : Test l.a-box, 0 11

METHO D OF COST SAVINGS : Manu6actwting Method , 03

APPLICABLE NAVY SYSTEMS : AU eLect’tonics 093

TECHN ICAL OBJECTIVES: Develop a “ bed oL nail~” adapton. to test components
on PCB at Low cost

BACKGRO UND: Unitó -that axe. available now axe too costly

APPROACH : Not spec~ ied

BENEFITS : Lowelt cost -test equipment. Assume that this xe-totes to a s aving
°6 0.5 to 1% in tes t La-box ca.tegoxy .

IMPLEMENTATI ON: By equipment development

RELATED EFFORTS: None known in speci6ic topical a-/tea - many in genekat a-tea.

RISK FACTOR: High as method is yet to be speci~ied

• -~ Science Applications , Inc. -
~~~~~
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MANUFACTURING TECHNOLOGY STUDY —

ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 65

TITLE : Ribbon SapphLte

COSTS : $250K FY80; $250K FY81; $250K FY82

AREA OF COST SAVINGS: Integizated CixwLts , 03

METHOD OF COST SAVINGS : Manu.fiaCttL/ting Method, 03

APPLICABLE NAVY SYSTEMS : AU elect/tonics 093

TECHNICAL OBJECTIVES: Adapt ‘ribbon citystal gxowth to sapphiite-Lox ZC .subst’cate.s

BACKGROUND: Pxesent sapphiJte g.-towing tethnio~tLes axe costly .

APPROACH : Ut4.LLZe success in s ilicon ‘ribbon gxowt.h a-nd adapt to sapphiite.

BENEFITS Fas tex IC’s; gxeatex ‘tad-La.tion xe.sistance; highex heat xeje ction -

p ’wj eel eventual s avings 06 1 / 2 -to I / 3 06 cost o 6 high pex6onmnance miLiLtaity
IC’s ox 10% a~ catego/ ty.

IMPLEMENTATION: TRV won.JL at con.t’ta.ctox is pxorn.ising - implement via studies
oL pa.’uzmete’ts - manuLactwte o6 IC’ s 6ox -tests. -

RELATED EFFORTS: None in s apphi.’te axe known.

RISK FACTOR: High

Science Applications, Inc. -~~~
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MANUFACTURING TECHNOLOGY STUDY —

ELECTRON ICS MT PROJ ECT DESCRIPTION PROJECT NO. 66 (A 124 )

TITLE: CMOS Custom Libxaxy

COSTS : $250K FY80; $250K FY81; $250K FY82

AREA OF COST SAVINGS : Integxated Ci/tcw-Lts , 03

METHO D OF COST SAVINGS : Vo.ewne 01

APPLICABLE NAVY SYSTEMS : A-U electxonics #93

TECHNICAL OBJECTIVES : Obtain the economy 06 scale Lox custom IC’ s by using
an existing Libxaxy oL designs - and CAD.

BACKGROUND: Cuotom IC’ s axe used extensively in -the milLtazy but axa expensive.

APPROACH : Amo-’ttize non xecwt/ring costs 06 many custom oxde.xs togethex

BENEFITS : Could lowe.x costs 06 cus tom IC ’s by 1 /2 ;  bettex e66-ici enc.y in p/ to -
duct-ion etc. , is aLoo beneLicial. 10% used 6o~ 

/tating pu/tposed in cotego/ty

IMPLEMENTATION: S0 6.twaxe development to Link c.ontlta-cto-’t CAD pxog.’tamo needed.

RELATED EFFORTS: Otheit ~ -‘uno have si.mAlait Lib’taxies

RISK FACTOR: Low - IRV woitk welt in hand - used by conmeex&LaL wo’cld extensively.

Re6exe.nc.e: 4-S20

— Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY —

ELECT RON ICS MT P ROJ ECT DESCRIPTION PROJECT NO. 67

TITLE: N/C Machine Ca.&b’tat-ion

COSTS : $30K FY80

AREA OF COST SAVINGS : Su.ppo’rt La-hot, 0 10

METHOD OF COST SAVINGS : Ma.nu~a-ctu.ning Method, 03

APPLICABLE NAVY SYSTEMS : Standa/r-d Missile (ER ) 0M6 7
Standaitd Missile (MR ) 0M62
Spoj rJu~w 0M64
Phalanx CIOJS 0081
A-U MissiLes 090

TECHNICAL OBJECTIVES : EVstabV.hh p-’w cedis.xes -to c.aLibxate N/C ma-chines - test
and veni6y with time shaite compu.-tex

BACKGRO UND: Pxes ent pn.arlice is Lengthy

APPROACH : Intexconnected t’tans dacexs with computex Lox £mpitoved speed. Senso’v.s
could be built into machine with cables to a- sha-ted compute/i.

BENEFITS : Estimated at 1.0 % °L categoxy by Li’un

IMP LEMENTATION : Via a- p-.togiwin 06 inst~i.unentation 06 machine with computex
connection as a shak e d(xun -test. V - V V

RELATED EFFORTS: None Known

RISK FACTOR: Medium

Science Applicat ions, Inc.
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MANUFACTURING TECHNOLOGY STUDY V 
V

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 68

TITLE : Thick Film P’rinted Hybxi d Seals

COSTS : $1OK FY80

AREA OF COST SAVINGS : Hyb’r.ids , 06

METHOD OF COST SAVINGS : MaituLactu/ring Method, 03

APPLICABLE NAVY SYSTEMS : StandoAd Missile (ER) #M6 1 AU Missiles 090
Standa/td Missile (MR ) 0M62
Shaiciww M64

TECHNICA L OBJECTIVES: To eliminate s ealing pn.oblern, xedace costs Lox laitge
hyb-’rido

BACKGROUND: Pxesent techniques use non-ke,’unet-ic epoxy ox metallic ‘rings
Lox menmne-tic s eat ( expensive) -

APPROACH : Extend the thick Litm technology to the seat

BENEFITS : Up to $50.00 pex W.ge hyb’rid - ox a potential savings 06 5 to ld%

IMPLEMENTATION : Via a test pxogltam using aLteady developed techniques

RELATED EFFORTS : ZR and V at eontitacto-’t has been encouxaging

RISK FACTOR: Low to medium

I -— Science Applications, Inc. __



- MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 69

TITLE: Pla.stic Molded Micxowave Cornpovten.ts

COSTS : $140K FY80

AREA OF COST SAVINGS : Sensoxs , Antenna 02

METHO D OF COST SAVINGS : ManuLactwring Methods , 03

APPLICABLE NAVY SYSTEMS : Standaxd Missile (ER ) 0M6 1
Standaxd Missil e ( M R) 0M62
Spa.vww 0M64
AU MissiLes 090

TECHNICAL OBJECTIVES: Replace expensive metal pax.ts with Low cost plastic
pants -~.n wave guides , antennas , LiLte’r.s .

BACKGROUND: Corrrexcial quality paxts now available, con~t’tactox 1P and V give-s
encouxaging xesuLt.s.

APPROACH : Develop tooling techniques Lox injection molding, xe-Late the
nulitaxy needs ( dimensional toLexanc~, etc.) to ma.na6actwting p -toce~44ing

BEN EFITS : Cont’ta.ctox estimates at I -to 3% 06 ca.tegoxy.

IMPLEMENTATION : Via a caxe-Lut study 06 xeqwLxements - -test pxog/ tam , etc.

RELATED EFFORTS : None known 6o~ 
m~Lttaxy - see above

RISK FACTOR: Law

Science Applicat ions, Inc . —
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• - MANUFACTURING TECHNOLOGY STUDY —

ELECT RON I CS MT P ROJ E CT DESCRIPTION P ROJECT NO. 70

TITLE: Laseit. Welding 06 Cabine-tS

COSTS : $300K FY80; $200K FY81

AREA OF COST SAVINGS:

METHOD OF COST SAVINGS : Manu~ae..twiing Methods , 03

APPLICABLE NAVY SYSTEMS : AU elec-t/i.onic 093
5QQ— 5 O L I O
UYK- 7 0L24
AYK -14 OLZ6

TECHN I CAL OBJECTIVES: Vevelop £rnpxoved ~astening techniques Lox elec~t’tonics
enctosuiuis -

BACKGROUND: Cabine-tS axe oL-ten a. higk cost axe-a - Lasten-ing pxoce-daxes
axe £mpoiztant cost elements

APPROACH : Investigate the possibility 06 la-sex welding - speed, xe-aching
inaccessible axe-as, etc.

BENEFITS : Could lowe.x cabinet- costs up to 20% - ox 6/tom I -to 5% 06 the
aate-go.k4f

IMPLEMENTATION : Via- a- pilot pxodu.ction demon4tka~tion

RELATED EFFORTS : Epoxq ~astening , molded ca.hinents etc.

V 
RISK FACTOR : Medium

—



MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 71

TITLE: Pxojeclion Pninting SAW Device Manu~actwr_Lng

COSTS : $60K FY80; $60K FY81

AREA OF COST SAVINGS : Viscxete Semtconducton , 05

METHOD OF COST SAVINGS : Manu~actWt-ing Methods , 03

APPLICABLE NAVY SYSTEMS : F14 0A40 (T IV in xada.x)
A-U ainc-’taLt 091
F18 0A47

TECHN I CAL OBJECTIVES: Apply pxojection picinting -to the mana~ac~tw~ing 06 SAW
devices - -impxove xe-soLution and yield.

BACKGROUND: Pxesent technique uses contact pir~-Levting a-nd is di66ic.ult to apply
and has Low yield

APPROACH : P/tojection system

BENEFITS : ManiLLactwtex estimates SAW device cost xeductions oL 15% ! Howe-vex
this xe-totes to 0.2% 06 cotegoxy 5 due to Li,nited pxes ent SAW usage.

IMPLEMENTATION :

RELATED EFFORTS: IRV woxiz by contxo.ctox

RISK FACTOR: Medium

Science Applications, Inc. —
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• MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 72

TITLE: lncxeased Median TechnoLogy Level via Contxactox
Shox.t Couxs es

COSTS : $600K FY81; $ I000 K FY 82

AREA OF COST SAVINGS : Assembly labo~, 08

METHOD OF COST SAVINGS : Tn tLtutionat, #4

APPLICABLE NAVY SYSTEMS : AU missiles 090

TECHNICAL OBJECTIVES: Trick-ease the median Level via technology txa-ns L ex
L’r~om Leading Li/tm

BACKGRO UND: Finmnó need to be motivated to shaite s exy-ice spon-soxed p-koj ect
in Lon~m a.t ion.

APPROACH : Shont couxs e with hando-on t’taiing at Leading con.t&actox LiV’un S .

BENEFITS : Could be wide s pVke-ad - xough estimate is 2 to 3% o~ ass embLy 
V

La-box cost

IMPLEMENTATION : At a wide vaniety 06 Li-’uns

RELATED EFF ORTS : None 06 this -type

RISK FACTOR : Not qwinti6iable - £nLt-dLoi woxk would have to j astiLy s avings -
measuxe iL possible

Science Applications , Inc. -
~~~~
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• MANUFACTURING TECHNOLOGY STUDY

ELECT RON I CS MT P ROJECT DESCRIPTION P ROJ E CT NO. 73

TITLE: V/ C Placement 06 Components a-nd ReLLow Soldex

COSTS : $150K FY80

AREA OF COST SAVINGS : AssembLy Labox, 08

METHOD OF COST SAVINGS : Mc.nu~actwthtg Methods, 03

APPLICABLE NAVY SYSTEMS : AYK- 14 0126
UYK- 7 0L24

TECHNICAL OBJECTIVES: A chieve N/C pLacement 06 suxLace mounted components
with n~eLlow soLdex ins ents

BACKGROUND: Pxe-oe.ntLy done- by hand.

APPROACH : Need moxe contitac.tox data

BENEFITS : Not qu.o.n.ti&ied. 2% 06 categon.y ~ is as s umed Lox compax-ison pwtpose.s.

IMPLEME N TATION :

RELATED EFFORTS:

1S .X FA~ T~~ : Medium

— Science Applications , Inc.
V ~~~~ 
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MANUFACTURING TECHNOLOGY STUDY —

ELECTRON I CS MT PROJECT DESCRIPTION P ROJECT NO. 74

TITLE: Sem i-Automated Coxe Stninging

COSTS : $I5OK FY80; $250K FY81

AREA OF COST SAVINGS : Assembly La-box, 08

METHOD OF COST SAVINGS : CapitaL, #2

APPLICABLE NAVY SYSTEMS : AYK -14 0L~

TECHNICAL OBJECTIVES: Adapt a corr~ne-itc-LaL high pxecision XY positioviex -to a
coxe s t’thiging task , ox to xe-Line existing manual techniques

BACKGRO UND: CuM~znt pxactice is Labox intensive

APPROACH: Lise oL existing equipment design - adap-t only

BENEFITS : Not speci6ied by con-t~actox - 2% Lox cornpax.ison pwiposes is assumed

IMPLEM ENTATION : 8y pwtchase 06 equipment and enginee.~ing adaptation

RELATED EFFORTS: Cable xou.ting tas ks have aL’Leady been automated by -this
appxoacii . Two sepaxate p ’wposc2s xeceived in this axe-a

RISK FACTOR : Medium

Sdence Applications , Inc.
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MANUFACTURING TECHNOLOGY STUDY V

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 75

TITLE: Impiwved Hole Etching/Stn_iLpLines

COSTS : $45K FY80

AREA OF COST SAVINGS : Small haxdwaxe PCB, 04

METHOD OF COST SAVINGS : MOJiLL6W~-t(Lking Methods , 03

APPLICABLE NAV Y SYSTEMS : ~~~~~~~~~ MVL~~ile 0M6 1
Standtvid ~tLssile (MR ) #M62
Spanxow 0M64

TECHNICAL OBJECTIVES: Remove dangexous chemical (cost dn.iving i step L-k.om
e~tcJvLng pxo cess

BACKGROUND: Ancient p ’uzctices used sodium va-pox etch.

APPROACH : Test vanious xe-active gases, in conjwtction with x6 dischaxge
to condition hole sux6aces

BENEFITS : Ma.nu6a.ctu/cing estimates $50.00 pelt cA~tcu~Lt boaxd. Economies
vaxy ~xom about 1% to 5% 06 c.otegoxy 04 depending on- ntc.ssile type and numbex
06 boaxds. 8ene~,i.ts may bz h.ighe-x in othex axe-as .

IMPLEMENTAT ION: Via contn.otted study

RELATED EFFQRTS ; None known in this method. Holes on PCB ’ s axe xeceiving
much attention ~cn othe.’t. pxoj eels

RISK FACTOR : High

Science Application s, Inc.
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- MANUFACTURING TECHNOLOGY STUDY —

ELECTRON I CS MT PROJECT DESCRIPTION PROJECT NO. 76

TITLE: CAP Lox Wixe Hcvtness - SoLtwaxe

COSTS : $1ZO K FY80

AREA OF COST SAVINGS : Sappo/Lt La.box, 0 10

METHOD OF COST SAVINGS : Capital equipment, 02

APPLICABLE NAVY SYSTEMS : AU Missiles 090 V

TE CHNICAL OBJECTIVES : Vevelop soL.tuxvte that allows CAP on 3V basis Lox
cabLe haitne~sing in missiles

BACKGROUND: Hand des igned at p/te-sen-t

APPROACH : So6Vt~,a/Le development V

BENE FITS : No~t easy to qaanti6y/c.ppLies to tooLing s tage oL manu6actwt-ing;
assume 1% 06 c.a.tegon.y Lox compaitison.

IMPLEME NTATION :

RELATED EFFORTS : Se-venal

RISK FACTOR : Medium

Science Applications , Inc. —.
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MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT P ROJ ECT DESCRIPTION PROJECT NO. 77

TITLE: Advanced N/ C Machine Contk.olLex

COSTS : $200K FY80; $200K FY81

AREA OF COST SAVINGS : Fabnication la-box, 09

METHOD OF COST SAVINGS : Manu6ac.-twting Methodo , 03

APPLICABLE NAVY SYSTEMS : AU M-Lssiles 090

TECHNI CAL OBJECTIVES: Vemons tn.ote an advanced N/C machine corvt’wl that can be
plugged into existing intex6ace, arid cau.se adaptive cont&oL oL machine
(i.e. , va./r.y speed, Leed nates )

BACKGROUND: This is the next gene-nation 06 N / C ma-chines

APPROA CH: Via coninon data bas e, a-nd Language

BENEFITS : 5 to 10% inc/teas e in machine time utilization is e2a.~me-d. Relates
to 2 to 4% 06 categony

IMPLEMENTATION :

RELATED EFFORTS: Yes

RISK FACTOR : Medium

Science Applications, Inc. -~~~
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t MANUFACTURING TECHNOLOGY STUDY —

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 78

TITLE : La-s ex Welding - Coxe Me.moiiies

COSTS : $7~I( FY80; $75K FY81

A REA OF COST SAVINGS : Special Lunc.tions , 02

METHOD OF COST SAVINGS : ManuLactwting Methods , 03

APPLICABL E NAVY SYSTEMS : UYK~7 0L24
LP/K—20 0L25
AYK—1 4 0L26

TECHNICAL OBJECTIVES: Vete-iun.-cite potentia-l cost saving via La.se-k welding in
me.mony manu6actwte-

BACKGRO UND: Pxes ent .technique use-s poAa~tLel gap welding

APPROACH : CoI’Vt/tolled positioning 06  la-sex weldex

BENEF ITS : Redac2ion 06 la-box content 06 memony may save 10 to 15% 06 ca.tegony,
manu~aelw’tex estimates

IMPLEMENTATION : Fowt phases : 01 swtvey 06  available equipment, 02 cost study,
#3 ve/ri6ication onsLte-, 04 tooLing Lox pnodz~c.tion

RELATED EFFORTS: None Known

RISK FACTOR: Medium ~to high

—Science Applicat ions, Inc. —
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MANUFACTURING TECHNOLOGY STUDY —

ELECTRONICS MT PROJECT DESCRIPTION P ROJECT NO. 79

TITLE : ~~~~ Sc/ teen ” PftinVting Lox PCB ’s

COSTS : $ 150K FY80

AREA OF COST SAVINGS : SmOJJ~ ~~~~~~ PCS, 04

METHOD OF COST SAVINGS : Manu6a-ctw’cing Methods, 03

APPLI CABLE NAVY SYSTEMS : UYK- 7, #L24
UYK—20 , ~L25
AY K—1 4 , 0L26
ALL electxonics 093

TECHN ICAL OBJECTIVES : Ve-velop stainless steel sc-keen Lab/ tic technique Lox an
automatic pninting machine.

BACKGROUND: Automatic silk s cneen is not pn.acticcl Lox high den4ity muLti.Layex
PCB due to poolt nLsolut4.on

APPROACH: Vevelop stainless steel sc-keen and 6ixt wte that allows automatic
pxij tting

BENE FITS : May save 10% in PCB ox about 1 to 3% in ca.tegoity 04 ,  Has wide
appLicability

IMPLEMENTATION : Via IR1) developed 6ixtu~’~.e- component

RELAT ED EFFORTS : I~~ a-I cont’taelox on 6ixtwte

RISK FACTOR : Me-Ciiwn

Science Applications , Inc .
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— MANUFACTURING TECHNOLOGY STUDY

ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 80

TITLE : Quick. React_ ion - Change Capabil..Lty

COSTS : $500K FY80; $600K FY81; $1000K FY82

AREA OF COST SAVINGS : Suppont la-box, 0 10

METHOD OF COST SAVINGS : CapitaL, 02

APPLICABLE NAVY SYSTEMS : Phoenix 0M63
All missiles 090

TECHNICAL OaJECT IVES: CAP / CAM appitoach as a quick xe-action to ciuznging
fll. V145 1e- eng-oteewtg itequixements

BACKGROUND: Suppont Labon. cos ts an high due to ~xequent engineening chang es

APPROACH : Compwte~tized data/ s e-a.xch techniques , etc.

BENEF ITS: Manu~actWtVt estimates saving on the on.dej t 06 500 to 600K pelt ye-ax
on pnodu.etion base 06 20 -to 40M. This xelates -to about a- 10% cost savings
in c.atego/uj 0 10

IMPLEMENTATION : In phases beginning with sys tem deLinLtLon

RELATED EFFORTS: Yes many

RISK FACTOR : High i~ not -well Ihougktowt, phased appxoach tu~LL xeduee- nisk.

Science Applications , Inc .
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— MANUFACTURING TECHNOLOGY STUDY — -

I
ELECT RONICS MT PROJECT DESCRI PTION PROJECT NO. 81

TITLE: EL6ective UtiLization 06 Automation Intejt6ace-s

COSTS : $SOK FY80; $SOK FY81; $50K FY82

AREA OF COST SAVINGS : A~se-mbly la-box, 08

METHO D OF COST SAVINGS : Ivtstitwt_ionai, 04

APPLICABLE NAVY SYSTEMS : AU electlton.ics 093

TE CHNICAL OBJECTIVES : Vetenmine the standa.’td Lox intexLaces us ed in automated
equipment, to allow Lo’t- -the wides pxea4 use 06 automation.

BACKGRO UND: Cuirltent pxa.ctice is oLten stand-atone; need Lo/t .3tandtvtd is
ne-co gnized.

APP ROACH : Involvement 06 N8S a-nd othex outside- consuLtants to dete.itmine
standivtd.s

‘V

BENEF ITS: Not quan.ti~iabee. Conside.x 1% Lox evalu.aJ_ ion pwtpos es

I

IMPLEME N TATION:

RELATED EFFORTS : None

RISK FACTOR: Low

- 

Science Applications , Inc.



— MANUFACTURING TECHNOLOGY STUDY —

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 82

TITLE: Hie/tDAChical Contxol Pxogxarn/Robotics

COSTS : $50K FY80; $SOK FY8,

AREA OF COST SAVINGS : Assembly la-box, 08

METHOD OF COST SAVINGS : Manu~a~twting Methods, 03

APPLICABLE NAVY SYSTEMS : AU e-lecttonics 093

TE CHNICAL OBJECTIVES: Fwtthej r. development 06 a-Ike-a-dy demon.stxa-ted Robotic
con.twl pxo 9/cam languag e

BACKGRO UND: Cu.vte-nt xobotic contxol language- is cumbeits ome

APPROACH: Re6ine an elegant compute-it language st&uctwte, develop and
demons~.bw2e

BENEFITS : Not possible to accwcately quan.tiLy. Fox /ca.ting pwtpos e.s assume
0.2% oL catego’uj

IMPLEMENTATION : Via demons-titation/de-velopmen.t p/ tog/c am

RELATED EFFORTS: None Known

RISK FACTOR: L ow; IRV has been accompLished



— MANUFACTURING TECHNOLOGY STUDY —

* 
ELECT RON I CS MT PROJECT DESCRIPTION PROJ E CT NO. 83

TITLE: Ta-c.tile/VisuaiL Sens o/cs on Robotic Mm~

COSTS : $1501( FY80; $200K FY81; $200K FY82

AREA OF COST SAVINGS : Assembly ta.box, 08

METHO D OF COST SAVINGS: .Manu~actu/cing Methods , 03

APPLIC ABLE N AVY SYSTEMS : ALL e-lect&onic~ 093

TE CHN I CAL OBJECTIVES: VeveLo p and ne-Line- tactile and vis ual s enso/t ~ on
iwbotic a.’uns - used in adaptive con~tAol 06 manipuLation

BACKGROUND: Pxes ent xobotic a-’cms have no adaptive contV’wL - may hAl wxongly
positioned wo’riz piece in moving

APPROACH : Ve-veto p senson. Lox anms - xe-LIe-c-ted Light scnso’cs ox otheit pxesswte
s ensons axe possibij.Lties

BENEFITS : Not possible to quanti~y. Assume- 0.2 % 06 categoxy Lox xa.ting
pwtpos es

IMPLEMENTATION : Needs to be demons Ikated in an actual Lao_tony envi_’tonme-nt

RELATED EFFORTS : Now la/cgely in Uniueits.Lty xes ealtch cite-a

RISK FACTOR : High

Science Applications , Inc.
—~~~ V - --- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ V



— MANUFACTURING TECHNOLOGY STUDY —

ELECT RON I CS MT PROJECT DESCRIPTION PROJECT NO. 84

TITLE : Re-embodiment 06 Sem i Conduc-to~~ in LST

COSTS : $ZOO K FY80; $ZSO K FY81; $500K FY82

AREA OF COST SAVINGS: Integitoted CL’tcu.~ts, #3

METHOD OF COST SAVINGS : Volume 07

APPLICABLE NAVY SYSTEMS : A-U e.lec-txonics 093

TECHNICAL OBJECTIVES: Study the potential to xe-embody cwvtent SSI and MSI IC’s
as LSI uuth identical Luncticns so that a xe-placement at the SEM Level could
be- made

BACKGROUND: Sexvices cwr.xently have -too Low volume to take advantage oL
con~nexcial LSI development

APPROACH : Thxough a “blae nlbbon” panel 06 indu.stkial expe/t-tA . The pxo blem
is ouZUned and cost savings estimates a-xe- developed. Fwtthe-n. s tag es cite
pe-it~oiuned as wa.-vtanted.

BENEFITS : Con~ne-n.cicl p’uzctVic.e Lind savings oL 1/3 ox 1/2 by this technique ,
LSI cixcui.ts cite moxe xe-Liable also. (Us e 10 to 20% savings Lox na.tivtg
pu.nposes)

IMPLEMENTATION : In phased steps

RELATED EFFOR TS: None

RISK FACTOR : Low, conrie xcial expe.xien~.e is pxom-ising

* 

Science Applications, Inc . —
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MANUFACTUR~NG TECHNOLOGY STUDY —

• ELECTRONICS MT P ROJECT DESCRIPTION P ROJECT NO. 85 (A 311 )

TITLE : Fibxe Optics Integxated Stauc-twte - Ai-’tLitam e

COSTS : $250K FY80; $250K FY81

ARE A OF COST SAVINGS : Cables, 01

METHOD OF COST SAVINGS : Manu~actwr_ing Method, 03

APPLICABLE NAVY SYSTEMS : AU ai/tc.iuzLt # 9 7
AU ntiss-~2es #90

TECHNICAL OBJECTIVES: Veve-Lop a composite aiitclcaLt st-’w.ctwt e with embedded
Libn.e- optic cables

BACKGROUND: 11W woxtz at contnactox has validated app/wa-cit on ~mall s ample size

APPROACH : RepLacement 06 stiw.ctu~’taL Libxe with optical Libxe at selected
Loc.a.t.Lons

BEN EFITS : Lowex weight , cost could be dkamatic , aLthough contka-ctox beLieves
gain is highe-x. Let us assume- a 10% xe-duct—ion in categon.y 0 1 Lox itating pwtposes
( agxee-s with estimate qn pxoj e-ct 32 )

IMPLEMENTATION : Via deveLopment 06 la..tgex pdnels and test p-togxcin

V 

RELATED EFF ORTS: None exao_tty Like ~thi..s 
- competes with othex Libn.e optic

pnogn.anis such as ALOF

RISK FACTOR: High

— Science Applications , Inc. -~~~



MANUFACTURING TECHNOLOGY STUDY —

B

ELECTRONICS MT PROJECT DES CRIPTION PROJECT NO. 86 (A 802)

TITLE: GLue Pxocess Avionics Chassis

COSTS : ~100K FY80

AREA OF COST SAVINGS : Cables , Cabinents , # 1

METHOD OF COST SAV INGS : Manu6actuAing Methods , 03; Volume 0 1

APPLICABLE NAVY SYSTE MS : AU a~iitcxa-L-t *9 7

TECHNICAL OBJECTIVES : Vevetop a glue plwcess Lox a cabinent capabLe 06
mee-ting avionics standaitdo

BAC K GROUND: Pn&~ent cabinent cost is too high - weight xedztc-tion also is
des-VtabZe

APPROACH: Vevelop a- glue p/wcess - also standaitdize cabinent, chassis, etc.

BENEFITS : Cost and weig ht xeduction. Estimate 5% 06 categoit y

IMPLEMENTATION : 1R1) woith in pxoce-ss at cont/ tactox

- 
- 

RELATED EFFORTS: None- Known

RISK FA CTOR : Lout

Science Applications , Inc.
2 V ~~~~~~~
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MANuFACrURINC TECHNOLOGY 5TU~~ —

r

ELECT RONICS MT PROJECT DESCRIPTION PROJE CT NO . 87 (4 773J

TITLE: P e.a4tiLC. tf . V .  Powe’t Sap . Ca&ne.~t6

COSTS: $1SOK FY80; $ 150K F Y81

AREA OF COST SAVINGS : Cab.Ute..t4 , 01

METHOD OF COST SAVINGS : Manu~acLwthtg Me~thod6 , 03

APPLICA B LE NAVY SYSTEMS : AU e2ectJton.~c.4 093

TECHNICAL OBJECTIVES: Vev~Lop a Low co~s~t , Low EM 1 pta.6tLc. H . V .  ca&ne.t

BACKGROUND: Cu/t.kVvt .tQ..CiutOLOgy wseo aLwmiitwn - aitciitg p n..oblem, and cO4~C
d~c.La.te an a e ~n.na..t.e

APPROACH: PL46t~~ molded ( hig h volw~ee. ) Ok ~ta.nda.’Ld p Za4~~c memb€~~ a44ernbled
(Low volume ) MLUL be ~LnveotLga.ted

BENEFITS : Low coo~t, no ~~~~~ E4 tiJno..te 10% 6 av.Lng4 £n ca~ego.ty can be ach.~eved

IMPLEMENTATION: V4A 6 tudy p itogivam, deveLopment o~ Iwo ch to~ L~s dei~ gn

RELATED EFFORTS: None Known

RISK FACTOR: Low, EM! 4hAeed ma6.t be pkov.~ded

Science Applicatk ns, Inc. —‘
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MANUFACTURING TECHNOLOGY 5TU~ ’ — -

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 88

TITL E : 111, V Compound Cxy4IaL Gitowth

COSTS : $250K FY80; $250K FY81

AREA OF COST SAVINGS : I n.tegxo~ted c~./tau ~L~4 , 03

METHOD OF COST SAVINGS : Mana~ac.twt.Lng Melhod4 , #3

APPLICABLE NAVY SYSTEMS : ML eLec &on~c6 093

TECHNICAL OBJECTIVES: Impf l.ove Ike pxe4senl .technA4ae.o ~ok UI , V compound
cky4IaL giww~h

BACKGROUND: 111, V compou.nths axe u6 ed .ut kigk apeed Log Lc c~~cw~..t4, ~.n EO
dev~Lcea, and ~c.n ph olo-mu..ULp Uex .tabeo

APPROACH: 1nve4.tA..9a.te tedutA.qu.e6, A.ncLadiitg cheinLcaL vapo/t depoa~ti..on

BENE FITS: LOWè/t. C.O4I , /Led(Laed de~ect~ etc..; a4 6 ume a 1% Loweit co4 t ~O/L IC’ a
c.alegoky 3

IMPLEMENTATION:

RELATED EFFOR TS: Many An ..Lndaalxy

RISK FACTOR: HLg h

~~~~~~~



MANUFACTURINC TECHNOLOGY STU~i’ —

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 89 (A 6 18B )

TITLE: GaAs FET YieLd Imp/tovenienl

COSTS : $6 50K FY80; $6 50K FY8 1

AREA OF COST SAVINGS : VAA ckele aenucondac.-to’ta, 05

METHOD OF COST SAVINGS : Mana~actWr.-ütg Methodo, #3

APPLICABLE NAVY SYSTEMS : Radax and EW @ 10% 06
ALL ELecL ’tonLc4 #93
AegAAs OSO1 ( v.La AN-SPY Rc4ax)
PRC-104 #1.18; TI’S 59 0L21; VTPEW 0L2 7
A LW— 78 01.32; ALR —59 ; 0L33

TECHNICAL OBJECTIVES: Impxove yLeLd, eapec~.aUy An .Lnle.’tconnec-t on GaAs FET

BACKGROUND: Pxe.aen-t ahi.p .Lnte ’tconnecL -La done by hand ope/La.tLon
1~

APPROACH Invea.tLgc..te epilax2o2 male.~AaL pxepaxatLon, metal de6~Lni2Lon,
Aj tlexeonnect and me..ta.Uza.tLon a c.hemeo

BENEFITS : Cta.Ama o ~ 6actox 06 10 xedactLon A.n powex dev~Lcea; keL&te4 -to
1 10 2% xed~w..tLon A.n ca.tegoxy. AL.a o can xep~ic.e it~rr’~ 6°~. gxealex bene6A.t .

IMPLEME N TATION : IRV A.4 well u.nde ’L ~~~~ a.t con.tfl.gcto/t

RELATED EFFORTS : O.thex 6A1vn6 a/te actLve lit

RISK FACTOR : HLgh

Science Applicatk ns, Inc. -~~~
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MANUFACTURING TECHNOLOGY 5T~.D~’ — 

S

p.

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO.90 (A 508)

TITLE: EpL.tC..U.O2 V1G l4Lc~owave FALtexa

COSTS : $250K FY80; $350K FY81

AREA OF COST SAVINGS : Paaa.Lve componen.ta, 07

METHOD OF COST SAVINGS : Mo.nu.~actu.kAitg Method6, 03

APPLICABLE NAVY SYSTEMS : AU elec.-t ’wn-Lc4 093 ( - ‘tadax C.OmpOnQ.n.t4)

TECHNICAL OBJECTIVES:  Replace down conveito.Lon 06 m4 c,towavea 60k px oce.aa Lng wL-tk
dL-&ect pxoceaalitg ( 6A.Uex~Lng ) a.t m.~c.xowave ~n.eqaency.

BACKGROUND: U6e 06 VIG ma.te.&AaL 60k 6-LLte14 haa been p-’topoaed to aolve th.La need

APPROACH : Vevelop pxocedwte4, lit pkololUitogicaph epL~tLuAaI g ’wwth -teciuvLque.a
etc.

BENEFITS : lmpxoved m.Lc.xowave cAitc.uLt de..si..gn 6avl.ng4 ea-tàntvted a.t 1% 06 ca..tegoky

IMPLEMENTATION : VLa developmen.-t woniz up .tiv’tough -the pAid line a.tage

RELATED EFFORTS : None Known

RISK FACTOR: K.Lg k

Science Applications, Inc.



MANUFACTURING TECHNOLOGY 5TU~~

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 91 (A 6018)

TITLE : PLezoeLeC~tk.Lc PoLymelt FAJ.m~

COSTS : $ZOOK FY80; $175K FY81; $7SK 82

AREA OF COST SAVINGS: Sen6Ok4 , #2

METHOD OF COST SAVINGS : Ma nu6acta.~ .n9 MeLhoda, #3

APPLICABLE NAVY SYSTEMS : Sonax6 and Sonobuoya
BQR-21 #L13; SSQ—4 1 #1.74
55Q-53 #1.15
BQQ.— 5 #L 10; SSQ~-23 0L12; .SSQ—62 0L1 6

TE CHNICAL OBJECTIVES: Vevetop PVF (po tyvA.nyl 6Lou~’uLde ) 6Aim 4~t’te~tckLng
-tethnLqu.e& -to make acou~tLc and uLtn~a4on.-Lc aenaoxa

BACKGROUND: Ce.MInLc aen4ox C.04 6 axe h~Lgh - ~th.iLa ~La an £nnovatc.ve app&oach
Ika.t may cut co6~t6 , e4pec.LaJiy 60k ama.U kydkophOne6 6ach a.6 ~n 60fl0.bLLoy4

APPROACH: Con.tLnuatLon 06 TRy pkogxam

BENEFITS : !‘lo-t 4pecL~Lc. al -thl.4 .tAme - a.o4wne a 1% 4avliig4 lii ca.tego-’ty 2 60k
)La~tkiJIg p ui?.po6e4

IMPLEMENTATION :

RELATED EFFORTS: None Known

RISK FACTOR : H.Lgh

(L _Science Applications, Inc. —
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ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 92 (A 301)

TITLE : Compoaiie Ma-tex.Lo2o ~n OptLcaL A64embLLe.a

COSTS : $250K FY80; $ZOOK FY81

AREA OF COST SAVINGS: Senaok4 , #2

METHOD OF COST SAVINGS : MC.nLL6C.e..LLLkAJI9 Method6 , 03

APPLICABL E NAVY SYSTEMS : IR gu.Lded mLa4A2e4 bath a.a S~Ldei~Lndex #M6 5

TECHNICAL OBJECTIVES : Vemonattoie aompoaAie ma.tex..LaLa Lox oappoiut 4tkLLc.tWLe6,
and Lox xe6lec.tLng op~tLcc2 e1ei~eivta.

BACKGROUND: Cwzxen.t coU.~s. 06 manuLac.tan..Lng op.tLca2 wmponeivt6 axe vexy h.Lgh.
WeLg h~t ma~.t be xeduced.

APPROACH: U6e 06 c.ompo6Lte maleti.a2a, litnova.tLve pke~aA.ng and ~oitm.Lng leCiuvLqaeA
LOx -the xeLlectLng 4u.xLace6.

BENEFITS: COJtt/taCtOJL eatbna~tea xeductLon 06 $2000.00 pex n.aaAie ox 10% 06
ca.tegoxy 02

IMPL EMENTATION : i~v wo’riz ~La complete - c~aZd a.ta.tt on deveLopMent 
- -

RELATED EFFORTS : Yea lit 0.thelL LAxJnd

RISK FACTOR: Med2um

- 

Science Applications, Inc.
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ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 93 (A 331)

TITLE: VLamond Twtned Ptaal-Lc Lena e.4

COSTS : $250K FY80; HOOK FY8 1

ARE A OF COST SAVINGS : SeMok6 , #2

METHOD OF COST SAVINGS : Manu6actwuLng Methoda, #3; CapI tal , 02

APPLICABLE NAVY SYSTEMS : lIZ tn.LaaALea ~u.ch a.a S-LdeuzLnde.x 0M 65

TE CHNICAL OBJECTIVES : Vevelop d.Lamond .tuxniitg aa a pxodac.tLon -technIque

BACKGRQ UND: lIZ nu.aaAiea oLlen aoe convex aaphen Lc plaa.tLc Lenaes . At pxea en~tthen.e ~ .a no Low coal manuLactLmiitg -technAq ue.

APPROACH : Laboxa.toxy and atno.U ac.ale woniz on d~Lamond -tuxn.-Lng appeaxa ouA.-ta.bte
Lox deveLopment ao a maa4 pn.odu.c.tLon method.

BENEFITS : Gxea.tly -4.mpxoved coa~ts on Len4se.o - e.a~tLma2ed at 2 to 5% 06 aoiegoky 2.

IMPLEMENTAT ION: Need Lox a 300K dlitmond ~twuvLng machIne Ia pxojecied( c04.t Included) S

RELATED EFFORTS: Sevexal

S 
RISK FACTOR: . MtdILDn

-~ 

Science Applicat ions, Inc. — 
-
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ELECTRON ICS MT PROJECT DESCRIPTION PROJECT NO. 94 (A 332)

TITLE: Vacuum Lock CoatLng Sya tem

COSTS: $200K FY80; $150K FY81

AREA OF COST SAVINGS : Sen4Ofl3, ~2

METHO D OF COST SAVINGS : VOLWI~e 0 1 , CapA.-tal 02

APPLICABLE NAVY SYSTEMS : A-U MLaaUea #90

TECHNICAL OBJECTIVES : Apply maa o pn.oduc.tLon vacuum Lock coatIng ay o tema 10S tnLV.2axy

BACKGROUND: Pxe8 en.t m.L-Utaiuj ayalema u.6e batch -type c.oa.tLng - at gkeLz~t expen4e.

APPROACH : Ve.tLLy Ike ec.onora.Lco 06 vaci wm Lock &yatem, puxciiaae and tea.t

BENEFITS : ~Co6-t : Lac~tox 06 Iwo ut coatIng coa.to - estij ~ia.ted at 0.5 to 1.0% 06
c.a.tegoxy . ALao hIgke’t qu.o~Uty , e.eao cori.ta,riLnatLon, etc. S

S IMPLEMENTATION :

RELATED EFFORTS : U6ed c.onm~excIa.Uy

RISK FACTOR: Mtdi.wn to Low

t 

___________________________________________________________________________________Science Applications, Inc.



MANUFACTURING TECHNOLOGY 5TU~1 — —

ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 95 (A 322 , 631A )

TITLE : Automated Photo-Cathode Sy4s~te.m

COSTS : $200K FY80; $150K FY81

AREA OF COST SAVINGS : Sen4ox4 02

METHOD OF COST SAVINGS : Mo.nu~actu1t-àtg Method 03

APPLICABLE NAV Y SYSTEMS : NIght V-i.4Ion EquIpment
E~~Amate at 1% 06 a.U electkon.Lc4 #93

TECHNICAL OBJECTIVES: Veve~.op an adapt-Lye 4y4.tem to quo.nt-L~q photo c.c~t.hode
ke4pon6e whIle A~-t 12 be.1.ng Lon~med .

BACKGROUND: Low yIeld °6 good photo mu.UiLpliex and Image enhancement devIce.4
due -to poo n. pho lo ca thode xe-opo n6e 12 Lou.nd.

APPROACH : Automate and allow adap- t ve contxol 06 tzey manu6ac-twzIng 4 tep Ika.t
S 

o~ cathode depo4I-tLon

BENEFITS : HIgh Lox 4 elected equ2pmen.t,~bene6L-t 1.4 10% 06 oen6ox (but x1% Lox all elec.tkon4);
net 1.4 0.1% bene61..t ca.tegoxy 2~~ x 093 6y4 teM6 .

IMPLEMENTATION : VIa compute-’t c.ontwlled equIpment

RELATED EFFORT S: Two 61Jun6 axe actIve l.n axea

RISK FACTOR : Low -to med2wn

i

xlence Applications, Inc.
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ELECT RON ICS MT PROJECT DESCRIPTION PROJECT NO. 97 (A 302, 607A)

TITLE: MonoUtlv c Focal Plane Pe.-tec-tox - ManuLac-twtabilLty

COSTS : $300K FY80; $250K FY81

AREA OF COST SAVINGS : Sen4on4 #2

METHOD OF COST SAVINGS : ManuLaa~twthzg Method.6 #3

APPLICABLE NAVY SYSTEMS : ZR M1.4412e4 (SIde~ui.ndet) 0M6 5
A-6E 0A44
EA-68 #A45

TECHNICAL OBJECTIVES: Veve2op manu~actuxLng lechnIque4 -to -unpxove yIeld and
Lowex co-6 .t 06 monol2thIc Local plane detec-tox.

BACKGRO UND: Mono-&tJ vLc 60cc-I plane de-tecto/r4 axe ca.ndLda.te6 -to kepl4ce
r di.4cxe..te de-tecton. 4y4tem6 ~ut aL’~LLgh~t and lIZ 4eefz-Lng nL4s4sile6. Co6-t6 mu4-t

be xLduced howevex.

APPROACH: lnve4tLgate back4Ide -thInnIng -technIqu~~ and othex W04-6 -to
enhance yIeld.

S 
BENEFITS: ManaLactwr.vt cLaIm6 an econortü c 4avIn94 xeLa.tLng -to. a ~ac.tox °610 xeduct-Lon In de-tec.tox c04.t4 . ReLate.4 -to 10% 1.mpxoveme.nt Zn Ca.tegoxy 2.

IMPLEMENTATION : May need addi..tLonc RD wonk; -ochedule may 6.Up one on. Iwo yewt4 .

RELATED EFFORTS : Ye4 at 4eve/taL &L/un6

RISK FACTOR : HIgh

Science Application~~Inc
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ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 98 (A 1258)

TITLE : CMOS /SOS ManuLac-twtabILLty Stu4y

COSTS : $300K FY80; $300K FY81

AREA OF COST SAVINGS : I) Vteg/LLLted cLxcuLt6 #3

METHOD OF COST SAVINGS : Manu6a~tu.tLng Me-thod~ #3

APPLICABLE NAVY SYSTEMS : ALL eLectxonZc~s 093

TECHNICAL OBJECTIVES: S-twig -the po-tentIal Lox newly c.pp~Ued manuLac-twzIng
-tethnIque4 10 SLUcon on SapphL~e (SOS ) cIxcuZt’ty .

BACKGRO UND: SOS ciA.c.uLt/uJ 1.4 de-~s1.xabLe Lxom -the poInt oL vIew oL hIgh a peed ,
xadZat~.on xea12-tanae, and heat dLa41.pa t on. Howeven. manu~actunIng metitocts
Lox ma~ pxodac.tIon have no~t been w~ed up to now.

APPROACH : Inve4~t.1..ga-te u4e o~ Ion 1.mpla.ntc-t on, vapon. pha.4e depo4I.tIon 06
poLy4JJIcon, 4pwtteit.-cng 06 alwn-Lnwn etc.

BENEFITS : Con~t.n.a.ctox e.~tIma-te.4 4avZng4 oL 10% In a-U ZC’4 Lo~ 
vnILL-ta.-’uj ma-’tket.

Uae 3 to 5% 06 ca.tegon.y 03 a~ a con.aexva.tIve e4tüna.te..

IMPLEMENTATION:

S 

RELATED EFFORTS: Sevexat

RISK FACTOR : Med2uin

Science Applications, Inc. —
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ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 99

TITLE: La.aeA In4pect1.on 06 Hybn~Ld CZxcu~ta

COSTS: $150K FY80; $150K FY81

AREA OF COST SAVINGS : Hybi~ d cL&cuLt #6

METHOD OF COST SAVINGS : CapLtal #2

APPLICABLE NAVY SYSTEMS : ALL eLec-tn.on.~c-o 093

TECHNICAL OBJECTIVES: VeveLop a. La-s ex ba-sed £n4pectLo n aya -tem Lox hybn~d

BACKGROUND: YZeld pxoble.rn cont.Znuc.LLy plague m-~Utaxy ws e’ta oL hybx-Lda

APPROACH: Veve-&’ped an awtoma.t c Ic-a en. a cannZng 4y4~tem to detect LIaw - maij be
u-oed Zn con j unct-Lon ~U-LIk ZR £magZng .

BENEFITS : Cou.~d xe4utt Zn a 1 -to 2% ~avZng~ Zn hybn~d coa-ta (-t eat) and Zn
i..mpxoved yZeld (up -to 10%) ; aa 4 ume 2 -to 5% Lox xat~.ng puxpoaea

IMPLEMENTATION :

S 

RELATED EFFORTS: Many

RISK FACTOR: Low -to medZum

I
_____________________________________________________________Science Applications, Inc.
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ELECTRONICS MT PROJECT DESCRIPTION PROJECT NO. 100

TITLE: Low Co4s-t Mono FJJ.hZc CenamZc Ca.pacLton-a

COSTS : $80K FY80; $190K FY81

AREA OF COST SAVINGS : Pcta4Zve compovten-ta #7 S

METHOD OF COST SAVINGS : M~ZnuLaCtLLkZng Me-thoda #3

APPLICABLE NAVY SYSTEMS : ALL electjton~ca #93

TECHNICAL OBJECTIVES: Vevelop manuLac~twr.Zng methods Lox handLLng Ike ~thZnnexctLe2ectii..c ahee-ta needed Lox -Cowex co6-t unZts.

BACKGROUND: Metal electAode -th1.dzne44 ha-s alxeady been xedaced. Tk12 12 one
coa-t d&1.vex c-a metal La coatLy. The aecond coal dnivex La -the d~eLec.t’r2c.

APPROACH : Reduced di.electn.Lc Ic-yen. -th--Lckneaa would be pn.c-c~tLcal 1.6 macivLnexy
wexe available -to handle -th.Zn ahee.t~s .

BENEFITS : Con.tn~ac.ton. e6t-~ma-te4 -thaI 8% 06 cc-pc-cL-ton. coat-s ox 3% oL p aoaZ ve
coats would be aaved.

IMPLEMENTATION :

RELATED EFFORTS: Unkno~ t

RISK FACTOR: Low -to medZune

Science Applications, Inc. —
~~
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• ELECT I~ON ICS MT P ROJ ECT DESCRIPTION PROJECT NO .101 (A 847, 848)

TITLE : Cloaed CZx cwi .t CteanZng oL PC8’a

— COSTS : $95K FY80

AREA OF COST SAVINGS : SmaLl han4wa.xe PCB 04

METHOD OF COST SAVINGS : ManuLac.tw’r~ng Me-thoda #3

APPLICABLE NAVY SYSTEMS : AL-I ALkcxc-L-t 097
AU ELec.tn.onZca #93

TECHNICAL OBJECTIVES: Vemono Mutte a ctoa ed c-Ln.cwL-t PCS cleanZng p-&oceaa.
Develop Zon1.c contam1.na-t-i~on monLton.a .

BACKGROUND: IRV wo-’viz a-I cont-’cc-etox ha.~ xe-suited Zn an opexa.tZonc Lab uni.-t.
Clean-utg coat.4 can be d’tama-t-LccJly Lowe/ted.

APPROACH : Flitn.ai on and ZonZc. exchang e beda axe u.aed -to xecycle cleanZng
LI~uZd .

BENEFITS : SavZng4 on ma.tenZaLs, Zmp/wved cleanZng capabi.Uty, beLlen. yZeld
and Ieaa n.ewoniz. Con.tkc.c..ton. e.at~maIe4 aavZnga at 3 -to 5% xa-te Lox ca-tegoxy .

IMPLEMENTATION : VZc- pAlo-I pxodtwlZon LacZUty .

RELATED EFFORTS : IRV a-I LA.~ma (Iwo con.tn.c.cton.a auggeat ona cite combZned
Zn -thi.a wtL-te-ap) .

RISK FACTOR : Low -to med1.um

Science Applicat ions, Inc.
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ELECT RONICS MT PROJECT DESCRIPTION PROJECT NO. 102 (A 805, 807)

TITLE : Component Aaaein bly - Awtoma.ted Opeita.ton. AaaZa -tance

COSTS : $7OK FY80

AREA OF COST SAVINGS: Aaaeinb-4i Ic-box 08

METHOD OF COST SAVINGS : CapL-tal 02

APPLICABLE NAVY SYSTEMS : ALL elec-txon.Lca #93

TEcHNICAL OBJECTIVES: Vemon.6-tJtc.~te a ayalem u~iZch cilowa auloma-t—Lc y*ompt-~ng06 an aa -a emb-ty opexa-tox

BACKGROUND: ~Veed -to “.educe labox Zn aaaembly La we/I xecogn~zed.

S 

APPROACH: ELoe ma.ch1.ne xea.dable caxd Lox eazah component - k.L-t Ike pax-ta and Iken
pxovZde vZa ual e2u~a and p/tomptLng -to Ike open.a-tox a-a 10 component 1.nae.tt ’on .

- BENEFITS : Cla.-üno Lox gxea-t aavZnga axe made bu.I no-I auba-tan.tZa-ted. Aaawne a
2% aav1.nga Zn aaaembly Labo-’z Lox /canhZng pwtpoae.a.

IMPLEMENTATION : vZa demona.tw.t1.on oL aya tein. 
-

RELATED EFFORTS: Contko.alOk ha-a a ayalem auth a-a thZa won.kZng pax-tA.aJly -
-two dZLLe.xen.t 6L’un’a ZnLo/ cmalZon went Zn.to ~thi.4 pxoj ec..t tu’~.Lte-up.

RISK FACTOR: Med1.wn - may be aape.-n.ceded by o-titex LuLLY ~w2oma.ted p n.ocedwtea.

- - 

Science Applications, Inc.
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ELECT RON ICS MT PROJECT DESCRIPTION PROJECT NO .l03 IA-SS 2)

TITLE : InIz Jet WZxe Ma.nizZng Syatem

COSTS : $400K FY80; $400K FY81; $200K FY82

AREA OF COST SAVINGS : CahL-Lng # 1

METHOD OF COST SAVINGS : ManuLae.-twtZng Me-tiiod~ #3

APPLICABLE NAVY SYSTEMS : A-U aixcxaL-t #91

TECHNICAL OBJECTIVES: Vemon.a~tkale an Zntz jet aya-tem -to maxk ~z~n.ea -to mi.L-ape c
ILQ1ZabZUt~J and qua.Uty leveLs.

BACKGROUND: Pxeaen-t wiJte ma/thA.ng technZquea Znclude hat a-tamp, colox a-tx~pe ,
colon. band, IV aleeve, ox -tape.

APPROACH : Develop an ZnI~ fe-I aya .tem - IRV woniz a-I contx-c-c.to’t ha-a one
developed whZch need-a -to be ohown on pAlo-I level and tha.t w~xea meet apec & .

BENEFITS : FLue t-ünea Lc~a-ten. Ikan conventonal, leaa damag e -to ~Lxe Znaula.tLon,moke ZnLo~’r.maton Zn ma-’thZng, can mcitk w~xea tha-t canno-t be manized by pke.aent
me-thoda . Ea-timale a-I 1% co-a-I oavZnga Lox ca.tegoky.

IMPLEMENTATION : LiLa a piIo.I pxoduct-v~.on -a e-t up, woxk on amoflen. cU.ame.-tvt titan
p/ te4en.tly demona-tita-ted. - S

RELATED EFFORTS: None Known

RISK FACTOR: ,.icdüon

Ti — Soence ApphcatK)ns, Inc -
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MANUFACTURING TECHNOlOGY STUDY

OVERVIEW AND SUMMARY

INTRODUCTION

The goals of the Navy Manufacturing Technology program - that of pro-
curement cost reduction - can be met in two ways : Specifi c funded MT pro-
jects will , when success fu l l y execu ted , b r i ng cos t sav i ngs. Equal l y
effective may be the development of a broad class of incenti ves for industry .
During the study the Issue of incenti ves surfaced regularly and severa l
general areas of incen ti ves were i denti fied: A Navy offered incentive can
cause a fi rm to direct its manufacturing acti vities in a way jointly
benefi cial to the Navy and its own interest. However , the specifi c costs
or benefi t of the potential l everage were not addressed during the main
part of the study . In order to amplify the feeling in industry the study
team requeste d “white papers ” on th e speci fi c area of in d us tr ia l i ncen ti ves.

This appendix focusses fi rst on the genera l goals of manufacturing
tec hno l ogy an d on th ei r nee d to rela te to indus tr i al incen t ives.  The secon d
part of this appendix is a first step at al lowing cognizant industr ial rep re-
sentatives to provide i nput dealing with the economi c questions they face
when considering funding MT projects .

GENERA L GOALS AND PRACTICES OF MANUFACTURING TECHNOLOGY (MT )

During the cow-se of this study the task team reviewe d the delineation
of specific MT termin o~ogy and genera l MT goals in Industry , in the three
service p rograms , and in the DoD . It was increasingly obvious that manu-
facturing technology meant diffe rent things to diffe rent people depending
upon their  background , orien tat ion , an d objectives. MT goals will not be
easil y met unless there -is a coninon basis for understanding. Although
this study focussed on electronics and procurement costs , the p r inc ip les ,

problems , and potential applications fit equally well In the broader frame-
work of a general definition for MT.

Manufacturing technology invol ves the application of advanced I deas
and methods to reduce manufacturi ng costs . After a cost area is I denti fied

an d quanti fied , then the feasibility of an Innovative technique must be

Science Applications, Inc .
B-i
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MANUFACTURING TECHNOLOGY STUDY

S demonstrated , developed and implemented. Manufacturing technology is trans-
lated into practi cal production processes that can reduce production time ,
dec rease mater i a l cos ts , and shorten inspect ion and testing time . Often
improved reliability , yield , and quality are side effects. The study
showed that i deas and methods can be applied across the manufa cturing pro-
cess cycle of a sys tem : i n p roduct i on scale , capita l expenditures , manu-
facturing process cycle or institut ional policy (i.e., government-management
relations). The effect in product-related cost reductions appears in
subcontracted materials , improved fabrication techniques , more efficient
assem bly and subassembly, bette r ma ter ial f low and inven tor y con t rol , and
automatic measuring, inspecting and testing processes .

Deputy Secretary of Defense , W illiam P. Clements , Jr. , in April 1975 ,
directed the services to i dentify and aggressively exploit opportunities to
reduce weapon—systems costs through advanced manufacturing technology .
Mr. Cleme nts stressed creating incenti ves for defense contract ors)~ In
response to this di rective the Navy is now engag ed in defining and imp l ement-
ing “an integrated MT plan for investments selection that offers attractive
incentives for industry while l owering overall equipment produ ct ion and
support costs . ,,2)

The SAl study team , in support of the Navy Project , received a
number of speci fi c technical proposals from industry addressing the improve-
ment of their manufacturing base to benefi t the Navy . The following genera l
areas of incen ti ves we re i den tif ie d :

• The need for improved Industrial knowledge of the MT
program goals and practices

• The opportunity for more frequent discussions wi th and
more rapid response of the Navy to contractors

• Improved contract procedural matters .

The Incentive related suggestions were recorded and analyzed in a similar
fo rmat to those of speci fi c 141 innovations. The suninary findings are dis-
cusse d in Vol ume I and the specifi c details are found In Appendix A. They
depend in part on such things as reexamining the feasibility of multi-year
contracting and value engineeri ng clauses as suggested in Mr. Clements ’
memo. 2)

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

The following specifi c suggestions that deal wi th industrial incen-
tives were i denti fied during the course of the study. The Navy should take
an active role in a continual coninunications exchange wi th its key indus-
trial contractors . Centra l MT points of contact in the Navy Project
Offi ces should be established and coordinated wi th counterparts in the
various fi rms . Many firms are establishing central points of contact for
MT , and this trend ought to be encouraged. An informal wri tten journal
should be established to infor m both Navy and industry of program and tech-
nolo gi cal goa ls and progress. Both the Army and the Air Force have such a
j ournal and the Navy already disseminates Technical Notes from NAVMIRO ,
Philadelphia wh i ch is a step toward this desired goal. 3~ Frequen t work i ng
sessions with industry ought to be established and directed along the tech-
nolog i cal l i nes of the MT pro gram , i.e. , micro-electron i cs.

The study in terviews con t inua l l y reinforced the view that electronics
is a manufacturing microcosm and uses a multitude of manufacturing techni-
ques . In addition , since revolu t ionar y changes are tak ing p lace in major
branches of electronics technology the Navy program should include allow-
ances for ra pid changes in methods and techno l ogy in res ponse to changing
military requirements and threats . It should , th erefore , also provide a
dynami c rather than a static MT plan . Sumary reconinendations concerning
how th i s mig ht be accom p l ished are inc lu ded in the s tudy synops i s , Volume I.

INDUSTRIAL VIEWPOINT

In dus tr ia l  coopera ti on in ach ieving both shor t term cos t sav i ngs
an d long range MT goa l s depen ds in lar ge par t upon indus try ’s perception
of the scope of potential Navy MT program plans and in particular on the
incen ti ves to be provided. During the course of the study it became
apparent that the recurring theme of incenti ves needed to be investi gated
further. Suimiary essays from Industry were therefore requested to address
more di rectl y the question of industrial incenti ves .

Indus trial response to a request for coninents about the types of
incentives that would encourage them to fund MT p rojects that would S

ultimately lower electronics cost to the Navy was candid and specific.

B-3 
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MANUFACTURING TECHNOLOGY STUDY

The need and desire for open communication and clearly defined guidelines -

was an implied and underriuing concern of each respondent to the incentive
c~€~ti o n . The overriding concern was succinctly stated by Mr. N. R. Hangen ,
Manager of R&D Market Development for RCA , Electronic Components . To
encourage industrial participation in a cost reduction program through
manufac tur i ng tec hnolo gy th e company mus t be of fere d a . . . “carrot , not
mere ly a pi cture of a carro t . ” ... “If industry is to make the investment
i n man power , space and in most cases product i on facilitation , then they
require that a payback be permi tted to recover the investment. ”

Specifi c suggesti ons included:

• Success ful implementation of a Navy MT program should have
the attendant advantage of improving chances for a follow-
on procurement.

• Assuring a contractor reimbursement for MT expenses based
on quality of work and the extent to which it complies
with firmly established guidelines .

• An increase in B & P funding allocations for contractors
bidding on MT p rograms to compensa te for subs tan ti al
ex pense and ut i l i z a t ion of l i mit ed resources.

Discuss ion on three other topica l areas relating to industrial in-
centives was stimulated by SAl ’ s le tter requesting incenti ve information
from i ndus try . These top ics deal t wi th sharing of data r ight s af ter a
successful MT project , industry ’ s contribution to imp roving manufacturing
an d procurement costs peculiar to defense systems .

Mr. G. P. Gol dshine , Di rector of Manufacturing Engineering for
General Dynami cs i dentified as a basic purpose of Mr projects the sharing
of resul ts , and e Isew her~ ir~ his essay devotes major concern and encom-
passing suggestions for providing better techniques for technology transfer.
The consensus of all respondents indicates that proprietary concern s
do not represent a major problem to industry .

Mr. Patri ck J. Campbell , Business Di rector of Staff Engineering
ci ted speci fi c incidences where Sperry Univac has contributed to improving
manufacturing techniques . Industrywi de , however , addi tional work can be
done to improve technology and to increase use of existing technology .

Science Applications, Inc.
8-4

_ f~ S - —S  __ _~_S- S - — - -5————- — __..
~~i~~~~~~~~ _S_



S 

__________ MANUFACTURING TECHNOLOGY STUDY -,

The speci fi c items that dri ve component costs for defense systems
evolve around special tooling, documen tati on and con tro l req u i rements , and
quality and reli ability impositions on small quantities of cost effective
produc tion of special components requires an accel erated development
sequence which must be wel l coordinated, planned , and budgeted for.

The followi ng essays offer a number of additional suggestions deal-
ing di rectly wi th ways to encourage industry to actively participate in
the MT Program.

RE FERENCES

1) MI Program Elec tron i cs Study~ Memo 042/LCD, from the Chief ofNaval Material , 11 Januar y 1977.
2) This view is confi rmed in a recent conference (see Proceedings 1976

Manu fac tur i ng Mana gemen t Con ference , Ameri can Institute of Industrial
Engineers , 1976).

3) Authori ty to do so is contained in NAVM A TINST 4800. 36C.

C)

— Science Applications, Inc.
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ECONOMIC ISSUES RELATED TO
MANUFACTURING TECHNOLOGY

MT Incen tives by David R . Heebner , Science Applications , Inc.

Letter from G. 0. Goldshine , Genera l Dynami cs

Letter from N. R. Hangen , RCA

Letter from Patr i ck J. Campbe l l , Sperry-Univac

Indus try Incen ti ves for Manufa cturing Tec hnology Imp roveme nt and a
Suggested Procedure for Navy Procurement of Such MT Deve l opments
by Will iam E. Bradley , Consultant
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MANUFACTURING TECHNOLOGY STUDY

MT Incen ti ves

by David R. Heebner
Senior Vice President
Science Applications, Inc.

On the Navy side of the MT program the incentives are clear , direct
and simple, viz. , reduction in the producement costs of weapons systems
without degrading systems perlormance or value. On the industry side ,
the incentive picture is more complex. Cost saving manufacturing methods
enhance competiti ve pos ture. Methods deve loped unde r Govern ment con trac t
will be available to the competition . Some methods developed for military
systems may have a larger payoff in applications to civilian market pro-
ducts . The Governmen t may start development of MT proj ects but not follow
through with imp lementation , thus making investment planning in produc-
tion equi pment uncertain. Maybe the result of the work will be used in
a ne gotiation to reduce allowable costs and fee in a cost type procure—
men t.

All of these conflicting forces - and mary more - make the Indus-
- t r ia l  community wary of the MT p rogram; th i s war iness reveale d itsel f  in

the industrial intervi ew process. Interestingly, the interview process
itself , comb ined with other MT activities has comun i cated a ser i ousness
and dedication to the 141 program that have been helpfu l In dispelling
some ~ndustria l worries. Additional institutional efforts , con ferences ,

etc. will help but the key problems will remain. Industry must be con-
vince d that it will be fully compensated for MT work that it shares and
will not be expected to self-finance part of the work on IR&D and other
overhead accounts. They must be convinced that profit incentives will
in fact be applIed , not undermined , by contract negotiations.

Service program managers , curi ously , are In the position between
the industry and the service. Thei r problem is that while strongly

p motivated to keep procurement costs low and to optimize cost effective-
ness of their systems , they must maintain program schedules and avoid

, -
~~~ Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

MT Incentives 2

a ll unnecessar y r i s ks. Th us , efforts of influences that they do not con-
trol directly are viewed with caution . They mus t be especially wary of
planning on specifi c kinds of support that -fail to materialize. There
is some evidence that the past experience of some PM’ s with MT proposals
has been bad in this rega rd .

The design of incentives for MT then , while having some unavoida-
b le con fl i c ts , should emphasize full funding, clear dec i s ion mi les tones ,
a presumption of implementation of all successful projects , guidelines
to contracting nffi cers that reinforce MT ori ented efforts and profi t-
ability increases under weighted guidelines for innovation in cost reduc-
ing manufacturi ng methods .

— ~~~~~~ -— — Science Applications, Inc.
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GENERAL DYNAMICS
Pomona Division
P O. Box 2507. Pomona, California 91766 • 714.629-5111

April 12 , 1977

Mr. T. Michael Knasel
Director , Manufacturing Technology Project
Science Applications , Inc .
8400 Wes t Park Drive
McLean , Virginia 22101

Dear Mr. Knasel:

We received your request for our co ents on the economic issues related
to manufacturing technology with considerable interest. We appreciate
the opportunity to co ent on these issues .

Topic 1. What are the proper incentives needed by your company , by the
industry , to participate in a cost reduction program through manufacturing
technology ?

We are basically a Weapon Systems firm in the Aerospace industry . We will
address the question from that standpoint although avionics or aircraft
personnel might have a different point of view.

Our position as a company is that we will work on manufacturing technology
projects which are likely to provide cost savings to our current or
anticipated product lines . Basically we have limited resources of
development personnel and the application of these resources is key to
our future.

For the last several years our primary in—house manufacturing technology
efforts have been supported by - %*of the Division ’s IRAD budget. Additional
small amounts have been received from product contracts and from manufacturing ,
to work on specific problems . Since these efforts are spread roughly equally
between cost reduction efforts and efforts aimed at specific technical goals ,
we can gunmiarize by saying that an amount roughly equal to - Z*of tht Division
IRAD (— ~.- - K)*is spent yearly on manufacturing technology cost reduction
projects. Additionally, - K to - K*is spent from the capital budget to
acquire facilities for these projects . We have received one contracted
manufacturing technology project from NAVSEA which we recently completed .

Dur ing the last year we bid on four manufacturing technology projec ts from
MICOM which were related to the Hilton Head Conference. We did not win any
of these four. Our investment in bidding on these projects was primarily
8 man months of time from our development personnel .

*Flgures have been deleted by SAl for publication .
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The result of this experience is that we feel bidding on manufacturing
technology projects is very questionable economically . If we win an a’ierage
number of contracts , approximately 1 in 7 based on the number of bidders for
the MICOM projects , we won ’t do much better than break even on our bidding
expenses . Also we do not get as much value from contracted R&D as from the
same amount of in—house funding because of the higher reporting and
demonstration requirements of the contract and because the contracted R&D
requires the addition of some work to establish a general industry application.

Another difficulty with the current approach to contracting manufacturing
technology is that it takes too long and frequently interjects a period of
formal competition which delays the project and increases costs without much
probability of cost advantage to the government. There should be a more
effici ent and direct way to contract with an organization which has originated
a proposed project , and demonstrated feasibility with its own money . The
prospect of competing in the open market for a project that we have conceived
and demonstrated and then waiting the attendant 1 to 3 year delay before funds
may actually be received is a major discouragement . On the really critical
technology projects it is unacceptable.

Pursuing the problems of the current approach for a minute longer , the idea
of getting technology transfer from the current system is somewhat too
optimistic . In theory the company which is furthest advanced in a technology
field will win a project. At the end of the project a report is issued and
a one day demonstration is held . That is a totally inadequate method to
transfer technology to other companies which can be from 1 to 5 years behind .

Proposals

From our point of view the manufacturing technology projects need to better
meet the following objectives :

1. Be responsive to general industry needs .
2. Provide some level of flexibility to handle unexpected opportunities .
3. Require less expense from bidding and proposal .
4. Provide be tter techniques for technology transfer . -

To meet these requirements we propose that the manufacturing technology effort
• be divided into 3 segments:

Segment 1: This effort would be run in the same general manner as current
contracted manufacturing technology programs . It would be utilized for
contracting technology efforts which are specialized to small segment of the
industry. An example could be the development of better methods to form/

p machine Laser Gyro materials . The technology transfer effort would be a two
week short course and the attendees would be required to pay a substantial
course fee to preclud e attendance by casual observers .
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Segment 2: This effort would be directed toward technology projects with
a very broad interest. Examples would be automated planning systems , additive
plating of printed circuit boards , adaptive control of machining systems , etc.
The project would be run in a manner similar to a CAN— I (Computer Aided
Manufacturing—International) project. Interested companies would be invited
to attend a requirements definition meeting , at their own expense. At the 2
or 3 day meeting, chaired by a g..~verriment representative , the scope of the
project would be defined and a skeleton RIP/Specification would be developed .
Subsequent to the meeting , the government would take one to three months to
create a draft RFP/Specification . The government might utilize contract
assistance in this effort , but the contractor would be excluded from responding
to the RIP. A finalization meeting similar to the first meeting would be held
to get industry inputs to finalize the RIP/Specification . The government would
then send the RIP out for quote to any interested firms. The details of the
technology transfer effort would be included in the RIP/Specification .

In both Segment 1 and 2, there should be informal procedures for submitting
proposals and performing the work. The emphasis should be on technical results
and technology transfer. One way to achieve this would be to create incentive
contracts which induce the contractor to use his prime personnel resources .

Segment 3: This effort would be an extension of the current IRAD effort. It
would allow a contractor to be reimbursed for a limited amount of manufacturing
technology effort beyond the general IRAD budget ceiling. The limit would
be related to the average amount of government production contracts over a
several year period . The percen tage reimbursement would be determined by a
government decision on the quality of the work and the extent to which it
complied with the Manufacturing Technology IRAD guidelines. The purpose of
this segment would be to provide Manufacturing Technology money to exploit
emerging cost reduction possibilities and company peculiar opportunities and
needs . The primary judgment on the quality of the work should be: “Does it

- provide for current or future production cost savings for the government?”

Topic 2. What is your position on sharing data rights after a successful
Manufac turing Technology project?

A basic purpose of Manufac turing Technology projects is the sharing of results .
If we felt we would be unable to do this because of the attendant loss of
proprietary data we would not respond to the RIP or we would respond with a
notification that we reserved rights to specific proprieta ry data.

On our recently completed contracted Manufacturing Technology project on
Acrylic Flex Harness materials we supplied voluminous amounts of specs ,
procedures and test results.

t
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In those cases where we have proprietary rights to some of the data or
we are sharing costs with the government , we would usually be willing to
negotiate a period of t ime, perhaps 12 to 18 months , after which public
release of the data would be acceptable .

Topic 3. Do you feel that sufficient work is being done in improved
manufacturing in your company , in the industry?

No. No t in improving manufacturing technology or even using existing
technology

. In machine ry and equipment

. In processing
In Computer Aided Design and Manufacture
In Quali ty Assurance
In testing.

Topic 4. What are the largest single items which drive defense system
procurement costs in your opinion?

1. Separate documentation and control of common items for each individual program .
If our own experience is a guide, there must be many dozens of spec control
documents for the 2N2222 transistor . Each document controls the parameters
and test procedures for a specific program .

2. The application of strict change control procedures before a design matures.

3. The heedless applica tion of mil specs , with endless tiering, and confusing
and conflicting requirements to all products. Contracting for measurable
performance and reliability requirements should be preferred over specifying
endless details of how the product is to be designed and manufactured .
The morass is so great that no one can clearly assess the total impact of
mil specmanship on cost. We think that costs outweigh any benefits .

4. Low quantity is a driving factor used in assessing a Return on Investment
situation in program planning by a manufacturer . Non—recurring costs during
product manufacturing development could be contract supplemented to enhance
early phases of production.

5. The involvement of various government procurement agencies and their
technical subagencies OWL, NWCCL) into details of  hardware , quality,
reliability, etc., items contribute heavily to cost , and not necessarily
to a better product .

6. Excessive and repetitive testing requirements being imposed by the procuring
agency or manufacturer at low levels of fabrication .

t 

7. Spares identification and documentation is often excessive and unnecessary .

— -~~;-- - - — ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — — - - -.
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I hope that we have answered your questions and that our response will be
helpful in establishing a more productive manufacturing technology program
in the near future. If we can be of more assistance toward this goal ,
please let me know.

t LI. I
- ( 

~~~~~~~~ U - ~ , . . L

C. D. Goldshine
Director
Manufacturing Engineering

-~~~ --.—~~ ~~~~~~~~~~~~~~~ — - - -.



- RCA Electronic Components Lancaster , Per’nsylvania 1 7604

Dr. T. Michael IZna8el
Science Applications , Inc .
8400 Wespark Drive
McLean , Va. 22101

Subject: SAl Letter dated 17 March 1977
Item: Navy Electronics Manufacturing Technology

Program Improvement Comments

Dr. Knasel : April 25 , 1977

I must preface my following comments to advise that my pas t experiences
have been primarily with MT programs with agencies other than the Navy
Electronics Manufacturing Technology activity , but I feel some of the
comments in some cases may be directly applicable and informat ive. The
comments represent my personal experiences and observations as directly
involved in the development/manufacturing transition and active parti-
cipation in developing and executing manufacturing technology pro&rams .

Too often , self—proclaimed experts in the services will generate the
requirements and specifications , particularly the funding levels , with
little or no inputs from cognizant indus try representatives . Also , I
have personally experienced situations where these “experts ” totally
disregarded input s because they would have to redo the pape rwork , thereby
possibly admitting that they didn ’t do the correct homework initially.

Another p roblem which is surfacing more and mo re, due to R&D funding cut-
backs and limi tations , i~ that the Research activities are trying to push
for earlier MT s tarts , really as a mechanism to comple te the engineering
development with someone else ’s funding.

For MT’ s to be meaningful , the services should require , as a qualification
to bid , representative samples and data to certify: (a) that the engineering
development has been completed , (b) that indeed that the bidder is qualified.

Pre—bid industry grou p meetings to review specs . have a very limited value
if competitors are also present since no company will really level or ask
the pertinent questions .

I address the top ics per your letter:

Incentives

As to incentives to indus t ry to participate in the achievement of MT
- - program goals , the primary commen t is that a follow—on procurement
• intention , bes t manifested by an order tied directly to the MT is the bes t
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incentive . Most companies the services should be doing MT business with
should be profit oriented production houses , not those merely selling
engineering manpower.

It mus t be “carro t ,” not merely a picture of a carroL .

Too many times , industry does the MT job , only to find : (a) it was a
solution looking for a problem; i.e., no direct , timely production follow—on ,
or (b) additional sources are brough t in at the conclusion of the MT without
the same constraints as the MT participant , i.e., Auction bidding for the
follow—otis and revised specs .

If industry is to make the investment in manpow er , space and in most cases ,
production facilitation , then they require that a payback be permitted to
recove r the investment.

The other aspect appears equally important; tha t is , instead of having price
auction bids which only drive the price down beyond an accept able level
(encourages buy—ins), to get the most effective and productive MT , the services
should officially advise the qualified bidders of the available funds and
press for the best technical job bid fitting the funding available . Companies
with the best G2 can always find out that is budget ed.

Since MT’ s are planned in advance , in some cases , up to 5 years ahead , provisions
must be taken to update (a) the technical requirements vs. advances in the art
to assure the latest me thods , materials , etc.; (b) projected funding levels
since apparently , in the pas t very little adequate updating or adjus tments for
inflation and technical state—of—the—art were made .

Sharing of da ta rights after a successful MT project.

Understanding th~ need for and accepting the government preference for multi—
sources , RCA continues to agree with the limited rights arrangement of providing
the req uired data on a free licensee basis for government end—use. Any appli-
cation for other than government end use must be arranged and negotiated outside
of the gove rnment

Industry Improvements in Manufacturin g.

Suffice to say , from certain aspects , no company does the bes t job they would
like to do with respect to improving manufacturing. It is a balance of priorities
of manpower and funding directed towards optimi zing selected markets .

The government MT programs certainly assist in accelerating and/or emphasizing
imp roved manufacturing me thods for producing specific items . Also, MT’s are
necessary since they include items of concern and data req uirements which are

- peculiar to specific government requirement s, which would be emphasized or
handled in a differen t way to satisfy indus trial/commercial needs . 

-~~ — -: ~~~- - - -
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Defe nse System Procurement Cos ts

In my opinion , the largest single item which drives defense system or
components costs up is the excessive specifications , certification put
on the contractor. Many times the government technical personnel impose
excessive , best laboratory sample specs . into a MT and /or require excessive ,
self—serving engineering data requirements into an MT. An MT must be
production oriented.

This , again , is brough t about by atte mp ts to shorten the basic cycle of
development thru production. The engineering development phase prior to an
MT should have included life test/field evaluations .

The following is a sample component oriented Product Development Sequence .

Product Developmen t Sequence

Need/concep t
Feasibility
Prac ticality
Pro totyp e dev.
Engineering samples
Sys tem breadboard
Manufacturing methods — pilot production
Production samples
Sys tem brassboard
Syst em prototype
Standard product
Sys tem production

Difficulties arise when one or more of these steps are eliminated rather
than accelerated.

If the cycle of 6.1 thru 6.6 development and planning is followed by the
gove rnment , instead of each activi ty trying to push their budget and time
proble ms into the next succeeding activity , then more cos t effec tive com-
ponents and sys tems will result. There is no substitu te for good , ef fec tive ,
coordina ted planning and budgeting within the agencies .

I hope these comments are helpful in developing meaningful MT programs .

Please contact me for any additional assistance I can provide .

Very truly yours ,

N. R. Hangen , Manager
R&D Marke ting

mm
cc: C .W.Bizal , T.T.Lewis, R.E.Simon
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COMPUTER SYSTEMS

UNIVAC PARK. P.O. BOX 3525
ST. PAUL , MINNESOTA 55185
TELEPHONE (8121 458-2222

April 26, 1977

Mr. T. Michael Knasel
Director
Manufacturing Technology Proj ect Office
Scier.ce Applications Incorporated
8400 Westpark Drive

~~ Lean , Virginia 22101

Eear Mr. Knasel:

Sperry ~x ivac is pleased to subnit the following responses to the
3pical questi.or.s subvitted by Science Applications Incorporated (SAl).

a maj or supplier of electronic ~~uipnent to the Navy as well as other
..iverrinent agencies we appreciate this opportunity to o3ntriI~ite in this)lanning phase. We at Sperry Univac feel that industry acceptance of the

~~~~ Manufacturing Technolor~y program is essential for its success and that
the MT pr~~ram must contain sufficient incentives to be acceptable to industry.

The issues raised by yonr questions, traverse a broad range of
professional disciplines such as legal , contracts , engineering, manufacturing
and the like. Ci.ir responses reflect sperry Univac’s position on the specific
issues raised by SAl ‘ s topical que3tions and our active experience with the
Navy i~ir program to date. However, until the Navy has published a well
organized and clearly defined plan for their MT progran (s), it is virtually
i.xrçossible to provide clear, analytical, and concise answers. Accordingly,
the following subparagraphs consists of the topical issues and Sperry Univac ’ s
responses .

Question : What are proper incentives needed by your canpany,
by the indust ry , to participate in a cost reduction
program through manufacturing technology?

Answer: Sperry Univac prop oses fcu.r incentives for consideration
arid they are as follows :

1. Catpany funded MT expenditures s1~~.ild be an allowable
cost which can be ariortized over production units.

2. Successful impløt~ntation of a Navy Mr prcçran
should have the attendent advantage of an assured
follow on manufacturing program.

3. Decreased cost on existing products , reduces revenue
and profits. Therefore, considerations should be

• 
given to offset the decrease in return .

t t
SPERRY UNIVAC IS A DIVISION OF SPERRY RANO CORPORATION

- — — . .  ~~~~~~ - .— _, ,— - - ... ..a. p — ___ .__r -
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4. Canpetitive Navy Mr programs will reuire
substantial uti lization of resources not
previously planned. Accordingly, we recatrrend
a corresponding increase in the ~U-Service Bid
and Proposal funding allocations for contractors
bidding on Mr programs. Accordingly, we recat~~ nd
that the contractors B&P cost expended on c~npetitive
Navy Mr programs be excluded fran the IR&D and B&P
ceiling arid that the contractor be allowed to recover
100% of these costs.

Question : What is your position on the sharing of the data
rights after a successful Mr project?

Answer: Where the successful Mr project was totally funded by
the goverrinerit; then there is no doubt the gover’rinent
owns the data rights to disperse as they dean appropriate.
However, where the successful MI’ project resulted fran
a shared funding agreenent; then we recarinend limited
data rights, e.g., Sperry Univac reserves all data
rights for proprietary data developed with carpany
sponsored funds.

Question: Do you feel that sufficient ~~rk is currently being done
in improved manufacturing in your canpany in the industry?

Answer: In the pest five years, Sperry Univac has made substantial
investnents to autanate arid nodernize our St. Paul, Mirinesot
and Clearweter, Florida manufacturing facilities. In
addition, significant invesbnents have been made to build
Photo-lithographiq M)S san.tconductor, hybrid, packaging,
and test facilities at our Eagan, Minnesota facility.
During this fiscal year we are building a bipolar seni-
conductor facility . These latter facilities were built
to protect the low volure military market where there is
a diminishing interest on the part of our traditional
vendors.

The akove are specific incidences where Sperry Univac
has improved manufacturing.

Question : What are the largest single itans which drive defense
systen procurenent costs in your opinion?

~~~~~~~~~~~~~ -— — —~~~~~ —~~~~ —— _-~~~ _ .  -
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Answer: The largest single costs drivers for Sperry Univac
Defense Systans Division are listed as follows:

Special tooling

• Packagi ng

Test
. Design

• Software

~tiall quantities
Docunentation and control

C~ice again we are dedicated to the success of this important program.
If you need clarifications to our response or if we can be of further
assistance, please don ’t hesitate to call the undersigned at (612) 456—2~20.

Sincerely,

Ji ~T~~~~~ -- 2L>~~ 
-

Patrick 7. C~~~ibe?1
Business Director of
Staff Engineering

PJ’C/vlh

V1



INDUSTRY INCENT IVES FOR MANUFACTURING TECHNOLOGY
IMPROVEMENT AND A SUGGESTED PROCEDURE FOR NAVY
PROCURE MENT OF SUCH MT DEVELOPMENTS

by Wm . E. Bradley

While the intent of the Navy MT program is perfectly clear ,

it is obviously a complex problem to design procedures by which

the desired resul ts can be obtained within the framework of
existing Government procurement regulations and prevailing in-

centives to industry . The advantages and difficulties of the

Mr improvement process in private industry are instructive in

this connection .

MT Projects in Private Industry

The MT improvement procedure in private indust ry involves

investment of private capital of the innovating firm , usua lly
with substantial risk, followed by a period of proprietary use

of the innovation which repays the costs and hopefully produces

added profits . The success of this process requires skill in

estimation of the technical prospects of success and attendant

costs , and also is dependent on estimates of the market for the
resulting product.

Even for this simple procedure , obstacles appear some of

which may be overcome by a Government agency MT procurement pro—

grain . Some of these are the following :

1. Improved product reliability or longevity can cause a com-

pensating loss oif the replacement market so that such an improve-

• ment may be of little benefit to the producer , however desirable
it might be to the user. In commercial markets there have been

nany examples of this: a) the Gillette Corp . had no incentive

to improve the longevity of its razor blades until forced to do

• so by a small British company , Wilkinson Sword , which began mar-
keting blades of a corrosion-resistant alloy ; b) the positive

7 — -~ --— - - -- —=~~•—— -.-- — - - - - --. ._— _._ --_--._ -__ _ _ ~~~~~-& -
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plates of an automotive lead-acid storage battery buckle or
crumble at a fair ly  predictable rate , a defect avoided at small
additional cost in industrial long-life lead—acid batteries by
encasing the positive plate in a sui table “ gauntlet. ” c) A
ma j or cause of obsolescence of automobiles in the U.S. is

corrosion of the steel body by salt from the roadway , or from
airborne salt near the seacoast. It is well known that admixture
of a small percentage of copper with the steel reduces the
corrosion rate by a factor of approximately ten (this is , in
fact , done with steel manhole covers) .

2. If an MT project greatly reduces manufacturing cost of a pro-
duct , by a factor of three or five for example , as occurs when
large scale integrated circuits can be directly substituted

for  printed circuit boards , then the dollar volume of sales may
be drastically reduced unless the market has great elasticity
or unless new markets are found for the product. Since military
markets are often inelastic, cost reduction may actually be in-
jurious to the producer of military equipment even though highly

desirable to the user. For this reason , MT developments leading

to drastic cost reduction of military equipment are likely to

be initiated by an “outsider ,” a firm not formerly manufacturing
that type of product.

The point here is that benefits to the producer do not
always parallel ben efi ts to the user unless unimpeded compe-
tition allows one producer , usually an outsider like Wilkinson

Sword, to introduce a clearly beneficial improvement.

3. An important obstacle is the high cost of capital under the

economic conditiong prevailing during the past five years . This

has the effec t of limiting MT investment to “sure things ,” 
-

usually incremental improvements to familiar processes , with
assured but small benefits . -

. — _ -- — — —
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4.  The private industry MT activity usually requires a long
period of proprietary control in order to assure a p rofi t  to
the innovator. This delays t ransfe r  of th .~ new technology to
other producers , delaying the public benefits somewhat (although

not long in the case ‘ f  outstandingly prof i table  innovations) .

5. Engineers and applied scientists of su f f i c i en t ly  broad talents
to conceive and implement MT deve .1 opments are scarce , and when
their ability becomes known , are likely to be exposed to seduc-
tive offers from competing organizations . Much technology trans-

fer actually takes place by this mechanism.

Advantages of the Private Industry Procedure

One out standing advantage of the private industry approach
to MT is that all aspects of a project are contained within one
organization (except for the necessary dependence upon the future

market). As a result control of funding can be closely coupled

to readily observed progress with excellen t communication and a
minimum of ?rocedural complexity . The progress and the degree

of success of an MT project can usually be gauged without much
difficulty within a single firm through its usual cost account-

ing procedures aided by clc’se technical scrutiny by the peers
of the project personnel in the same organization .

Another attractive feature of the private industry approach

to MT is that the kind of improvement is not narrowly limited by

scope of a con t ract or other procedural constraint. Art MT project

often is found to provide other benefits than cost reduction such

as improved performance , improved reliability , more convenient

packaging , etc. To a private ~nanufacturer au such benefits are

joyfully racognized as “selling points” and are used to improve

the competitive position of the firm.

- r - - - ____________ —
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Suggestions for a Navy MT Program Procedure

The d i f f icu l t ies  confronting any Government Agency in pro-
curement of improved MT have been extensively described by

others . It is frequently pointed Out that , from the contractor ’ s
point of view , decentives of ten appear to outweigh incentives
to undertake such efforts under conventional Government contract

rules designed for product procurement.

A fundamental difference between procurement of MT and pro-
curement of a product is that an MT improvement is a process

which generates a continuing benefit as long as it is used or

until it is rendered obsolete by a better process. Part of
this benefit can be the profit  to the innovator and can be used
to repay the expenditure on MT development. Indeed , if the pro-
ject is not estimated to be able to repay its cost it is
usually not worth undertaking. It would be desirable to provide
a flexible means for compensation of the contractor to cover

special circumstances existing at the time of completion of the

project , as might occur when Government policy may require
action which prevents an anticipated profit by the contractor due

to no faul t  of his own , or to reward outstanding success.

In spite of the difficulty of the subject it seems most
constructive to attempt to suggest a specific MT procurement
procedure which takes account of the foregoing considerations and

sidesteps most of the obstacles , while providing strong industry

incentives parallel to those of the MT program.

The steps in the procedure might be as follows:

1. Proposals would be invited from industry , with emphasis on
estimated benefits , time to complete , and cost. The ~roposals
should list departments and key personnel who would be assigned

to the project and the degree and involvement of each specified .
These proposals should be evaluated by the Navy MT program office

4

%
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mainly on the basis of the benefi t  to the Government which they
would provide if they were to be as successful as claimed by
the proponent. Detailed technical evaluation should be avoided
at this stage.

2. Funding of selected proposals should take the form of a low
interest loan to be made available according to a schedule of
“ progress payments ” during the ensuing project.  Normally , except

as provided below , the loan is to be repaid in its entirety over
some suitable time period , such as f ive or seven years accord-
ing to an agreed—upon schedule .

3. The contractor is to provide letter reports on project pro-
gress irdicating the funding expended or committed to date and

a brief account of the degree of project completion accomplished.

4. At the completion of the project, a formal report is to be
delivered containing all information necessary to gauge the

success of the project.  In addition , to complete data on project
cost , there must be an estimate of the future benefits to the
Government in terms of reduced unit cost, improved performance ,
etc., and conditions required to assure such benefits , such as
production volume or continuity, etc. This f inal  report should
for the first time in the project disclose fully the technical

aspects of the project.

5. The final report is to be evaluated by a special MT advisory

panel made up of highly qualified and respected engineers , scien-
tists and economists fully competent to determine the degree of
success of the project. This pane l may visit the facilities of

the contractor and observe the improved process in operation as
well as to request additional technical information to be fur-

nished as briefings or supplements to the final report . The

panel is required not to disclose to others any proprietary in-

formation furnished.
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Depending on the result of this inquest the panel is to

recommend the contractor ’s reward . This reward may have several

components which may be applied singly or in appropriate com-
bination .

a) The entire amount , or some fraction, of the loan repay-

ment may be waived;

b) The contractor may be allowed to retain proprietary rights
in the process for some time period such as eighteen months .
This form of reward may be appropriate when assured continuation
of Government production appears doubtful while a substantial
civilian market profi t  potential exists .

c) Immediate transfer of essential technical information
from the contractor to other invited corporations may be recommended.

The transfer should take place in a set of meetings and demon-
strations over an adequate time period to assure complete trans-

fer. Recip ients should pay a substantial fee to participate , the
proceeds being allocated to the innovator as a kind of royalty.

6. The MT program of f ice  is to f inal ly  determine the contractor
reward, based on the Advisory Panel’s report and taking into
account any other relevant factors and policy considerations.

Discussion

Note that the above recommended procedure differs markedly

from present practice in that the award initially takes the form

of a loan which in the contractor ’s wors t case would have to be
repaid as if he had obtained the money from a bank. In this case

a the contractor incentive is the low interest rate and availability
of capital. To decide whether to take on such a loan , the con-
tractor must perform his own realistic evaluation of the merits
of the Mr project , which he is presumably best qualified to do.

a

-  _ _ _
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If the project is found by the Advisory Committee to be
outstandingly successful , forgiveness of the loan is in many
respects equivalent to the result of a conventional contract
which covers the cost of development, except that since it is
much easier and more accurate to evaluate a project a f te r  com-
pletion than in advance , the contractor ’s reward is directly re-
lated to performance , rather than to “brochuremanship ” or sales
e f f o r t .

Evaluation and reward of project success after completi n

~has some additional advantages : a) The proposal ef fort by the
contractor is somewhat simplified in the sense that emphasis
in the proposal is on economic rather than complex technological
considerations; b) a painstaking evaluation by an outside group
of technical aspects of the project in its formative stages is
avoided; c) proprietary ideas do not have to be exposed in detail
early in the porject; and d) risk to the funding agency is reduced ,

since the loan is to be repaid anyhow if the success is not
outstanding; e) the contractor reward can be based accurately
on an objective criterion , applied by the MT program office ,
name ly , the discounted financial benefits to the Government re-

sulting from the project. The exact form of the rule used to

relate reward to discounted future estimated benefits is a policy

option to be decided by the MT off ice .

—‘- ~~~~~~~~~
- —— — _._ ____.-_*- __
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p MANUFACTURING TECHNOLOGY STUDY

OVERVIEW

Electron i cs equipment manufacturers were interviewed to acquire :

• Cost data on currently produced equipment

• MT project recommendations and cost savings estimates
• Identifi cation of industrial incenti ves for manufacturing

technol ogy advances

• Identi fication of barri ers that currently inhibit implementation
of cost-reducing technology .

Interview results are incorporated in the recoriinended MT plan (Vol. 2),
in the top-down analysis (Appendix E), and in the form of observations or
lessons learned in several portions of the report. Observations related to
specifi c equipment are presented in Appendix G. This appendix addresses the
speci fi c objectives of the intervi ews and the procedural aspects. It also
lists the manufacturers and their representatives who participated in the
intervi ews.

OBJECTIVES

Major manufacturers of a representative set of electronics equipment
were visited to secure informa ti on on produc tion processes and cos ts.
(The selection process is outlined in Appendix E, and will be discussed
further below.) It was imperative to assess current production practi ces
in such areas as degree of automation , quality control procedures , and
capital inves tment pol i ci es and to secure cos t brea kdowns into var i ous
mater ial and l abo r categor ies. Th i s info rmati on provi ded a base for revi ew-
ing MT project proposals and including cost savings , where appropriate , in a
form useable by the Navy Electronics Manufacturing Technology Analysis (NEMTA)
computer model. The plan produced via NEMTA incorporates projects resulting
from this industrial survey as wel l as from other sources.

In addition to the cos t and MT data , the manufacturers ’ we re invited
to present their views on what sort of incenti ves were needed to spur manu-
facturing technology advances in electronics and on what particular
characteristics of the military market ~iight be hindering such advances .
Examples of the types of questi ons asked by the interviewers are provided

• Science Applications, Inc. -
~~~~

C-i
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L MANUFACTURING TECHNOLOGY STUDY -.

below . Consistency and comparability of results was maintained by having

the majority of the intervi ews conducted by the same 2-member team. No
formal questionnaire was employed.

• Production/Cost

- Can we secure a work breakdown structure?

- What are the costs or relative costs of each process or step?

- How labor intensive is each (significant cost) step?

- Can your manufacturing costs be divided in percentage terms
into di rec t manu fac tur i ng l abor , direct materials , engineeri ng,
tooling, quality control , testing, etc.?

- Can you p rov ide a contrac t h i story (cos ts , quantities ,
length , type of contract)?

• Incentives/Technology 
-

- What are a manufac turer ’s major i nduceme nts to re duce cos ts -

e.g., follow—ons , cost reduction saving , value engineering,
etc.?

- What changes in government procurement practices would
stimulate electronic manufacture rs to Increase productivity
at a faster rate through additional capital expenditures?

- What are the impediments to introducing new manufacturi ng
methods ?

- Are the impediments to introduction of new manufacturing
methods the same for commercial and military markets?

- What is your assessmen t of the state and level of technolo gy
In the electronics Industry In general and at your plant
in particular?

- What financial arrangement would you want with DoD for new
MT equipment and processes - own it? operate it? other?

- What RO! do you require before making capital commitments ?

• Other

- Do you have an MT department? If so, how is it organized?

- Do you think it would be advantageous to you and to the Navy
to have an IMT program along the lines of the IRD program?

—Science Applications, Inc.
C— 2
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- How do you rate the degree of competition in your industry ?
Too muc h? Too litt le?

- Would more competition stimulate productivity or could it be
counterproducti ye?

- What is your opinion of form , fit and function speci fica-
ti ons at the car d leve l as opposed to the module leve l ?

PROCED URES

Figure C-i depicts the flow of activities associated wi th the indus-
trial interviews . The succeeding paragraphs describe the various activities .

Basic Analysis I

Pre l iminary Commun i ca ti ons I
[ Industrial Interview

Report Wri ting]

Follow- up Communications I

Figure C-i. Industrial Interview Activities

p
Basic Analysis

This task was a part of the overall top-down analysis used in develop-
ing the Navy 5-Year Electronics MT Plan. Systems and their manufacturers
were identifi ed for potential detailed analysis. Sys tems we re limi ted to
those currently In or neari ng production with a high electronics content and
procureme nt cos t.

Specifi c actions included:

• Review of budget and program data for high cost electronics items

Science Applicat~ ns, Inc.
C-3 
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• MANUFACTURING TECHNOLOGY STUDY

• Review of Defense Marke ti ng Serv i ce ( DMS ) Elec tron i cs Sys tems
Reports for Navy equipment and their manufacturers

• Discussions with cognizant Navy representatives regarding
particular systems and thei r manufacturers

• Telephone calls to panel chai rmen for the US Army Electronics
Conference (held February 28-March 4, 1977) to i denti fy indus-
tr ial con tacts.

Prel iminary Communications

Each industrial intervi ew was preceded- by a personal visit to the
Navy Program Manager. Th i s was done to fac i l itate es tab li shmen t of the “need-
to-know” and to collect information . Basic cost, technical , an d sc hedule
data provided by the PMs were analyzed before the visit to minimi ze the need
for asking for general background at the plant.

In general , the cognizant DoD plant representative was called follow-
ing the visit approval by the PM. The purpose of the visit was explained in
detail and names and telephone numbers of the appropri ate Industrial per-
sonnel were requested. The plant representative either set up the meeting
himself or provided the necessary contact information .

A letter from the Navy Director of Manufacturing was mailed to the
Manufacturing Vice President of the Corporation or appropriate Division and
to the DoD plant representative. A copy of this l etter is included as
Annex C-i. -

After an appropri ate lead time , a telephone call was placed to the
Manufacturing Vice President to make arrangements for the interview . Wherever
possible, a lead time of from 7 to 10 days was given to encourage effective
industrial response.

In dus tr i al In terv iews

Most of the Industrial intervi ews were completed in one day by a
2-member interviewi ng team. Table C-i lists the major industry representa-
tives Interviewed and the associated Navy system.

Science Applications, Inc. -~~~
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t — MANUFACTURNG TECHNOLOGY STUDY

Report Writing

Each of the industrial interviews was documented as appropriate. Much
of the information contained in Appendi x G has been taken directly from the
interview reports. Appendix G contains a combined sumary of industrial and
Navy Project Office visits . Documentation collected during the interviews
in the form of MT project proposals and estimated cost savings have been used
as sources of i nput to the NEMTA computer model .

Follow-Up Commun i cations

Fol low-up communication s were made as necessary via telephone for
clari fi cation in the various documents provided by the manufacturer or in
the interview notes. No plant was revisited .

SU~4IARY OF IND USTRIAL VISITS

Table C-2 summarizes the interview task statistics up to and including
data received 120 days after the study started. Despite the tight time
sc hedule cons i dera b le coo pera ti on was ev id ent. Th i s was s timula ted i n par t
by the NAVMAT 042 letter of introduction from Capt. Di ttmar , Director of
Manu factur i ng Technolo gy, which delineated the importance of this task to
the Navy MT 5—year plan . The number of responses could have been increased
and the quality of those achieved could have been enhanced if there had

— been more time for In terv i ews , especially follow—up interviews .

Science Applications, Inc . -
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- — MANUFACTURING TECHNOLOGY STUDY

Table C-2. Stati stics On Industrial Res ponse
(Up to 120 days after study started)

Preliminary Interviews With Navy Project Offices 32

Industrial Plan t Visits 16

System Cec t Breakdown Data Obtained 8

Percent 50%

Manufacturing Technology Projects Received 55

Average Number Per Firm — 4

Fi rms Suggesting MT Incenti ves and Barriers i~
)

Percent — 70%

Total Number of Fi rms Res ponding With MT Projects C

Percent 50%

Total Number of Fi rms Responding Wi th Either Cost Breakdown 14
or MT Projects

Percent —.90%

Fi rms That Did Not Desire to Cooperate 1

Percent 8%

p

I

-Science Applications, Inc. —
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~~~~~ Sample Navy MT Letter to Industry

Dear Sir:

As a part of the Department of Defense’ s Manufactur ing Tec hnology
initiati ve, I would like to bring to your attention opport.uni~ies that
will enhance the productivity of the electron i cs industry . It is the
intention of the US Navy to defi ne and implement an integrated Manufac-
turing Technology (MI) plan for investment selection that )ffers attrac-
ti ve incentives for the industry . Benefits will accrue to the cooperating
electronics manufacturi ng firms by assisting them to obtain technolog ical
advances , to the Navy in the form of enhanced buying power, and to the
national economy through the producti vi ty increments. References (a) and
(b) outline these activities in greater detail.

The degree of success in such a joint government/industry venture
depends crucially upon the l evel of mutual parti cipation . To aid the
Navy Electroni c Systems Command (NAVELEX ) in carryi ng out these pl ans ,
and to form an appropri ate liaison for the cooperative effort, we have
cor,tracted with Science Applications , Inc. (SAl), of McLean , Vi rginia.
Their work in performing a study of leading MT opportunities will enhance
the responsiveness of NAVELEX to the Navy MT objectives. The cont”act
called for completion of data collection by intervi ewing appropri ate
personnel at many manufacturing facilities during Jan uary. Due to the
importance of this wor k, and the need for additional follow-up data ,
SAt will continue this task in February.

We wish to express gratitude for the high level of cooperation
extended by your firm thus far, and to encoura ge you to prov ide the
necessary data the contractor Is required to obtain to complete this
study.

~~ These data include percentage cost breakdowns of electronics equip-
ment material and labor, and your suggestions for improved electronics
manufacturing technology. This Information will be reflected in the
Navy 5-year MT plan . SAt will maintain as proprietary any data or in-
formation as you desire.

C-la
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An attachment to this letter provides further background and
informati on concern ing the Navy MT program, as well as suggestions
for structuring the type of information that the representatives from
SA l w il l be looking for during their v i s it . You should feel free to
contact either the Navy representative for this program , Carl A. Rigdon
at (202) 692—7575, or the sen ior Sc ience Appli cations , Inc. representa-
tive , Dr. T. Michael Knasel at (703) 821-4499. Kindly contact these
persons for additional information concerning the US Navy program. Your
cooperation and assistance in this matter of national importance are
greatly appreciated.

Sincerely,

Capt. L. C. Di ttmar
Di rector of Manufacturing Tec hno l ogy

Ref:
(a) DoD Memo of 11 Apr. ‘75
to the Secretaries of the Military
Departments
(b) Chief of Naval Material Memo

- 11 Jan. ‘77 to the Naval Program
Managers

Attachments:
• References (a) and (b)

Industrial Data Package

-- 
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1’ MANUFACTURING TECHNOLOGY STUDY

y
ELECTRONIC SYSTEMS MANUFACTURING TECHNOLOGY CONFERENCE

(ECOM)
Cherry Hill , New Jersey
28 February-4 March 1977

The Navy MT electronics study conducted by SAl had similar genera l goals
to that of the A rmy ECOM Conference:

The objectives of the conference are to define potential
projects which would provide new or improved manufac.tur-
ing technol ogy, and assess the potential payback of these
projects. The results of the conference will be used as
a bas i s for formul ati ng future p rograms in thi s area.

The study team attended all of the panel workshops and presentations , reviewed
over 300 proposals , sifted out over 30 speci fic proposals that had
Navy application , and assessed a number of posi ti ve and negative results from
the conference method of exploiting manufacturing technology .

The conference method, as exemplifi ed by ECOM:

• generates a substantial number of proposals

• moti vates and stimulates active parti cipation from industry

• provi des an opportunity for candi d peer review in widespread
and specialized areas -

r 
• sets up a made-to-order forum for a dialogue of requests and

responses betweer top level DoD and i ndustrial representatives

• encourages immediate attention to the problem by imposing a
deadl ine that has to be met

• allows a free interchange of ideas which improves overall education
concerning state of the art , throughout the industry .

Areas which need to be Improved represent a challenge for future con-
fe rences .

• It Is important that a framework be developed which encompasses
more than s imply industrial interests . All areas impacted by MT
must be addressed. 

-

a
• Each succeeding conference should build upon all former ones ,

extrapolating both generalities and speci fics. This conference did

r Science Applicat~ ns, Inc. -~~~
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MANUFACTURING TECHNOLOGY STUDY

r
not set goals for industry , did not attempt to balance the
projects proposed based on previous ly i dentified cost drivers ,
nor even use cos t genera ting mechan i sms that had p roven useful
at ear li er conferences .

• To weed out irrelevant proposals and to assure that quality
projects are presented and debated , the framework must be
speci fi c , well defined , and incl ude a basis for determining
cost dri vers .

• Coordination of rating systems among panels is critical so that
overall rating is obvious . Does #1 project from micro-
electronics have more or less potential return than #1 project
recommended by testing panel? What about #12? Even within
each pane l It was di fficult to objecti vely assess payback po-
tential from one area to the next.

• There was an obvious lack of relationship to the Army procure-
ment. The framework should also i denti fy important Army
systems so that industry woul d be able to address them
speci fically.

~~I

.

Science Applications, Inc.
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- MANUFACTURING TECHNOLOGY STUDY

INTRODUCTION

The top—down analysis of Navy weapon system electronics costs i dentifies
the costs of electronics manufacturing in a series of categories including
material (with seven sub-categori es), touch l abor (assembly and fabri cation)
support l abor and test l abor. The analysis begins with the “top— figure ,”
the Navy procurement budget , and proceeds with a log i cal breakout of the total
into platfo rm (ship, air , mi ss i le or mul tipl atform elec tron i cs ) .  Pla tform cos ts
are then broken out into electronics and non-electronics costs. The analysis
continues wi th a breakout of platform electronics into equipment type (radar,
sonar,E/O, etc.). Finally, the equipment costs are distri buted among the
material and labor subcategori es mentioned above .

At the study outset it was decided that a completely thorough analysis
of all equipments and every l evel of breakdown was not requi red as long as the
systems covered were representati ve of typical manufacturing practice . This
followed from the fact that the sole purpose of the cost analysis was to provi de
a basis for estimating benefi t and thus contribute to rating the candidate
man ufacturing technology (Kr ) projects. For example , a project mi ght claim
a 10 percent cost savings In Integrated circuits used in infrared seeking
missiles . In order to calculate the dollar savings , the percent breakout of
IR missiles into integrated ci rcui ts (among other things ) would be required.
The fact learne d earl y In the study that manufacturing technology projects
woul d always address cost savings in maberial or labor for a speci fic system,
whe reas budget data would relate to total weapons systems necessitated adoption

— of the top—down analysis approach . In retrospect , it is apparent that the
top—down analysis coupled wi th a sampling type method using representative
systems has proved to be adequate In assessing MT project benefits.

- p Definitions

Wi thin the Department of Defense certain standard definitions of equip-
ment costs have evolved as outlined below:

• Unit Cost (a lso called flyaway or sailaway or rollaway cost as
appropriate) - The cost of procuring one complete unit fully

Science Applications, Inc.
I 
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MANUFACTURING TECHNOLOGY STUDY

equiped for its mission . This cost will include recurring costs
and profi t as well as a portion of non-recurring cost. Unit cost
will vary with phase of the production contract.

• Weapon System Cost - This includes the above and ground support ,
training of personnel , publications , or other additional technical
assistance from the manufacture r as may be provi ded in the
contrac t.

• Procurement Cost - This cost incl udes the above manufacturers
contrac t cos ts , initial spares, and service management costs.

• Program Acquisiton Costs - The above costs plus RDT&E and
MILCON cos ts ( if requ i re d ) *

• Life Cycle Costs - The entire cost of ownership which includes
the acquisition costs , operating costs , repai r, logistics and
disposal costs.

In this study the change in unit (or flyaway) cost has been isolated as the key
measure upon whi ch manufacturi ng technology project benefits are estimated.
The potential impacts of increases in quantity due to l owered costs have not
been incorporated i nto the analysis.

p
Within the unit cost are the following breakout categori es were

utilized:

• Material - Purchased or subcontracted electronic components ,
and sub—assemblies wh ich are assembled into an electronics
system. The key examples are :

— Enclos u res , larger hardware and cabling between enclosures
- Sensors , antennas , and spec i a l elec tron tubes
- Printed circuit boards (PCB), without components , ilter-

connection Cdbles between PCB ’s and miscellaneous small
hardware associated wi th PCB ’s.

- Discrete semi conductors , rectifiers , mi crowave power
amp l i f iers , etc.

— Hybri d ci rcuits
- Passive components - generally mounted on PCB ’ s

Material costs reflect overhead loading for storage , order administrative
cos ts , and profit or fee.

~ esearch , Development, Test and Engineering, and Military Construction .

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

• Touch Labor - Labor actually associated with the putting
together of a complete electronics system consisting of

- Assem b ly Labor - componen t i nser ti on , soldering, etc.
- Fabr i ca ti on Labor - manu factu re of enc l osures , PCB ’s ,

metalworking, pai nting, etc.

• Support Labor - En gi neer ing an d managemen t tas ks both recurr ing
and an alloc ated proportion of non—recurring, depending on the
product ion phase and contract details.

• Test Labor - Labor associated with the testing of the final assembly
in process testing, and test of components if not included in
component cos ts.

Labor costs reflect allowable overhead , profit, etc. Note that the
purchase d or su bcontrac ted mater i als themselves can be bro ken out into a
similar set of costs, and this breakout process may be possible at still a
fi ner level of deta i l .  For examp le , manu facture r A purchases integra ted ci rcu i ts
from manufacture r B , who in turn has purchased puri fied silicon from manu-
facturer C. An example of how a breakout mi ght l ook is given by the following
table:

Manu facturer Material  Typi cal Labor Ste ps
A Integra ted Ci rcu it Assem b l y on PCB

(IC) Test of completed equipmen t

B Refined Crystaline Fabri cation of IC device
Silicon A~sembly of iC intohermetic package

Test of IC

C Raw (amorphous) Fabri cation of silicon
S i l i con crys tals

Test of crystals

Hence the cost breakout must reflect the proper level of manufacturer-correlated
to the candidate manufacturing technol ogy project. As a final example , a new
process suggested for MT fundi ng may claim to give a 15 percent improvement in
the cost of fabrication of silicon crystals. In rating this project the analyst
must know the following:

• Percent fabrication cost to total cost Refined Silicon

• Percent material cost of Refined Silicon to total cost
integrated ci rcuits

Science Applications, Inc.
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- - MANUFACTURING TECHNOLOGY S11JCIY

• Percent material cost of integrated ci rcuits to total electronics
system unit costs .

Thus the need to rate projects determines the number of breakout steps and
the precision required.

I
I-

1 ’I ,
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SOURCES OF DATA

During the top-down analysis the following general data sources were
rev i ewed :

• Documentation developed from speci fic interviews with Navy
offices or industrial firms as part of other phases of this
study. Results are suniiarized in Appendix G.

• Congressional budget submissions and DoD budget documents ,
such as the Congressional Data Sheets maintained by OP-92C,
the F i ve Year Defense P l an (FY DP ) and the Ex ten ded P l ann i ng
Annex (EPA).

• Conferences on Manufacturing Technology , and previ ous elec-
tronics cost analysis studies . Examples include :

- Seventh and E ig hth Man ufactur i ng Tec hnology Adv i sory Grou p
Annual Meeting Repor ts

- Three Tn Servi ce MT meetings on TWT and Hybri d Circuits
- The Army ECOM NIT meeti ng at Cherr y H i l l , N.J. , Marc h 1977
- The Army MICOM Missile MT meeting
- The USAF Elec tron i cs MT meeting
- Var i ous serv ice publ i cati ons and repor ts
- Summar i es of SAl cost analysis reports on previous

projects (if not proprietary )

• • Industrial and Trade Association Statisti cs on Electronics
Manufacture ; for example, data from the Electronic Industries
Assoc iati on

• Government statisti cs on the electronics industry , such as
Depar tment of Commerce pub l i cation

• Trade magazi nes and electron i cs marketing publ i cations -

examples are: Aviati on Week , Electronic s T imes and
Laser Focus .

The above sources proved hel pful in several ways: basic data, sugges ted
C’ approaches, formats , rough order of magnitude rel ationships , etc. In some

ins tances , Important cross checks were provided by use of multiple sources.
At the study conclusion the compiled sources formed a valuable library of

— 
documents related to Manufacturing Technology, In general , and to elec tron i cs
t4T, In particular. Sources are documented throughout the three volumes, with
Appendix H listing those most readily available in published form.

Science Applications, Inc .
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-- - MANUFACTURING TECHNOLOGY STUDY

ANALYSIS TECHNI QUE

The general philosophy of the top—down analysis has been descri bed in
the Introduction . Iii this section the details of how the analysis was accomplishe

are presented . Figure E—1 shows the genera l analysis schematic diagram. Be-
ginning in the far left at “the top ,” or at the l eve l of overa l l p rocuremen t
figures , the wea pons sys tems are b ro ken out into e lectron i cs sys tems cos ts an d
non—electronics costs. The electronics systems costs included in ships ,
ai rcraft ,, and weapons are then reordered into equipment type ; for example;
underwater acoustical equipmeli and radar and EW equipment for dggregation under
functional electronics systems (center of figure). The breakout of the
functional electronic system into material and l abor and the final synthesis
in a cost analysis and report follow to the right.

A more detai l ed version of the top—down approach is shown in Figure E-2.
This figure follows the format of E-1 but contains more speci fic factors.
At each stage the review of the data was performed for details as to the cost
breakout to the next lower level . The results of the analysis are given in
the next section . The speci fic descri ption of the analysis follows .

I
p

Science Applications, Inc.
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— p MANUFACTURING TECHNOLOGY STUDY
4

UNIT COST DATA

The unit cost input data were generally derived from weapon system cost
data. These were taken from Navy program/budget data obtained from documents
in the Program/Budget Coordination Branch (NOP-92C), Fi sca l Management Di v i s i on ,
P’-ogram Planning Offi ce of the CNO.

The basic data sources (for FY82 and earlier) were the Back-up Data
documents for the APN , OPN , SCN , and WPN FY78 Budget Submission and the “Con-
gress ional Data Sheets. ” Costs were projected for the peri od FY83-87 inclusive
based on information in the “Extended Planning Annex ” document obtained from
NOP 965B.

The Procurement Back-up Data documents gave detailed program cost infor-
mation for line-item projects through FY79. For example , for particular
aircraft in the APN Back-up Data, cos ts were shown by year , FY76—FY79, for air-
frame/CFE , severa l GFE categori es i nc l uding elec troni cs , flyaway costs , support
costs , and several other less important categories of cost. For missiles , costs
were shown for severa l components of mi s sil e hardware , procurement support ,
flyaway , fleet support , amd modi fi cations and spares. The data for SCN and OPN
were muth less detai led , in some instances only total quantity and program
costs by year were shown. T~ addi tion , the OPN , SCN , and WPN documents showed
the overall program costs projected to FY82 for most l~ne items . The APN
document did not include these data . The SCN Back-up data did not show data
for complete ship systems, only for certain subsystems such as ship radars.

The Congressional Data Sheets provided information compi l ed for con-
gress ional comittees . These were used for cos t data on ship systems and for
extending the aircraft data to FY82. The cost cate~~ri es shown on the Data
Sheets were procurement, advance procurement prior years , advance procurement
FY , Wea pon System Cost, Initi al Spares , RDT&E , and Military Construction .

The Extended Planning Annex showed program data for the period FY83-FY92.

It was used to project program cost data beyond FY82 for ship systems and
missiles. The data Included quantities and costs for ships , but for mi ss i les
only inventory levels were shown and procurement quantities had to be estimated
from average consumption rates cal culated for years prior to FY83. Also, the
EPAshowed all cost data in constant FY77 dollars , whereas p rocurement cos ts in

Science Applications, Inc .
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-. MANUFACTURING TECHNOLOGY STUDY -
~

the budget data are in then-year dollars . An escalation rate of 4 percent was
used to convert to then-year dollars .

It was assumed that the impact of MT projects would be almos t wholly
on system flyaway costs ; that is , hardware cost plus procurement support . These
costs were readily available for aircraft and missile systems for periods up
through FY82. The most comparable line of procurement data for ship systems
in the Congressional Data Sheets appears to contain support costs not included
for missiles and aircraft . In genera l , the data on OPN systems is total program
cost. All these data were adjusted to unit costs by subtraction of the non—u nit
costs if available , or by using estimated percentages of unit costs to weapon
system cos ts.

Exceptions to the above generalizations follow :

• LAMPS : Only FYDP data were available. The APN costs from
Program Element 24243N was added to the RDT&E costs in Program
Element 64212N to get yearly program cos ts through FY82 .

• TRIDENT missile and TOMAHAWK SLCM: ERDA costs (warhead) were
Incl uded in the procurement cos ts in Congress i onal Data Sheets;
these were then reduced to allow for the warhead portion .

• PHALANX: WPN Back-up data showed costs and quantities through FY82,
• but the system was not included in the EPA . Information from

General Dynamics was that the total inventory objective was 359;
— 

— therefore , 124 systems would be required after FY82. It was
assumed 68 (the FY82 buy) would be procured in FY83 and 56 in FY84.

• SONOBUOYS : These systems were not included in the EPA , but infor-
mation from industry and Navy project offi ces indicated that the
trend is toward increasingly large annual buys and that major
design changes are not frequent. Therefore, the FY82 funding,
escala ted by 4 percent yearly was projected th rough FY87.

• Some systems, such as BQQ-5, are procured with both OPN and SCN
funds but are line i tems only OPN . When it was known that new
ship construction would include such an item, appropriate additions
were made to the OPN cost data.

• In some instances , AWG— 9, ALQ-78, ALR-59, procurement programs
were estimated from project office unit cost data and related
ai rcraft procurement programs.

• Post-FY82 procurement costs for the P-3C and the E—2C were cal-
culated based on “cost to complete” statements in the Congressional
Data Sheets.

Science Applications, Inc .
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- MANUFACTURING TECHNOLOGY STUDY

COST BREAKOUT DATA

The breakout of unit costs i nto material and l abor costs was accomplished
by applying percentage distri butions developed from or provi ded through the
various data sources. These were analyzed for trends and summarized , and
cross-compared. Breakouts of labor and material costs were prepared
following:

• Anal ysis of manufacturers ’ percent cost breakout data for
eight speci fic types of equipments secured via interviews

• Analysis of Army study data of missile electronics cost
breakouts 1)

• Anal ysis of Air Force study data on avion i cs cost breakouts 2)

Excellent agreement in formal percentages was obtained.

The initial step was a four~component breakout as a function of equipment
type into material , assembl y and fabri ca ti on labor , support labor , and test
labor. These proved to oe remarkably insensitive to type of weapon system.
Material was then broken out into seven sub categories , and assembl y and
fabri cation labor were separated. Some non-hardware costs such as software
and documentation were assesse d in additi on. The next sec ti on reports the
results of the analysis.

Science Applications, Inc. ~~~~~~
-
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MANUFACTURING TECHNOLOGY STUDY
I

RESULTS 
-

The top-down analysis produced a seri es of results relating to the costs
of Navy el ectron i cs that are summari ze d here . These cos ts were then used to
assist in the ranking of Manufacturing Technology projects. This section
reports costs associated with major weapons systems, their breakout into
funct ional equi pment , and the further breakout to several material and labor
categor ies.

The need for cost-effective weapons systems has been recognized on a
Department-of-Defense-wide basis for many years. The Navy ’s Manufacturing
Technology Program exemplifies an approach to quantify costs and promote
economies in weapon systems expendi ture. This study addressed a particular
segment of the life cycle cost (LCC) of Navy weapons - that of procurement
(which generally amounts to about 40 percent of the LCC). It is further
specialized to the costs of electronic systems in these weapons (usually one-
thi rd of the procurement cost). Finally, it considers only those methods of
cost reduction rel ated to the manufacturing aspects. Even within this narrowing
selec tion, considerable scope remains. For example, the annual procurement
costs for Navy weapon systems are approximately $15 billion . The following
table (Table E-1) illustrates the pervasive nature of electronic systems costs
throughout this budget in all weapons systems. Note that the percentage of
electronics costs varies widely from one weapons system to another. A procure-
ment weighted average of 30 percent was obtained for the total procurement.
Thus the Navy is spending on the order of $4 to $5 billion on the procurement
of electron ics annually. Considering the importance of electronics costs to
weapons systems costs and the histori cal trend toward more electronics , it is
well justified to examine how electronics costs mi ght be decreased.

The FY76 Procurement Budget Books provided the basic data used to compute

the procurement percentage factors in Table E-1. The percentage of electronics
costs to total unit costs had been studi ed previously in the “Electronics-X”
effort.3) Interviews and analysis of other data were also performed to verify
these figures. Based on these, modifi cations of the Electronics-X values were made l
and the scope was increased. For example , In Reference 3, 75 percent of mi ss i le

_________________________________________ Science Applications, Inc.
E- 12
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— MANUFACTURING TECHNOLOGY STUDY

flyaway costs are cons idered elec tron i cs. The present ana lys i s showe d , however ,
that more accurate percentages are 60 percent for tactical missil es , and 30
percent for ballisti c missiles . Further , the Electronics-X value of 30 percent

electronics for aircraft was found applicable to fighter aircraft whil e other
combat a i rcraft (Elec troni c, War fare , Anti-Submari ne Patrol) tend to be
sli ghtly higher (35 to 40 percent). In Table E-1 , a procurement weighted
average value of about 30 percen t was determi ned for the electronics content
of Navy procurement.

FUNCTIONAL BREAKOUT ANALYSIS

Withi ; each major weapons system electronics systems perform unique
functions , e.g., ASW , EW , Crypto , etc. On a procurement avera ge bas i s , the

* weapons systems were broken into functional electronics areas and these were
analyzed as percentages of total electronics procurement. Table E-2 presents
these results . The categories are somewhat arbitrary, but have been designed
to relate as closely as possible to manufacturing. For example, the category
“sonar and ASW ” encompasses di gital sonars , which include digital data pro-
cessing modules . The category “Digital data processing ” provides for machines
whi ch are typically p rocured as separate entiti es , often to be integrated into
larger systems .

V
Candi date electron ics manufacturing technology project descriptions

and economic justifi cations tend to be expressed in terms readily relatable
to the functional categories of Table E-2. A typical project proposal will
cla im a certain percentage cost reduction in a sonar system, or in a computer.
The interview process uncovered distinct differences in the manufacturi ng
practice in the functional areas. Projects that purported to achieve economies
in several functional areas were a:sessed and rated on this basis.

MATERIAL/LABOR BREAKOUT

The anal ysis procedures i dentified 50 systems for initial study. These
represented a coverage factor of 67 percent of all Navy procurement. For this
initial set unit cost data were determined (over a 10—year cycle beginning in
FY78). Further selection of 32 systems was made for detailed interviews .

Science Applications, Inc. -
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MANUFACTURING TECHNOLOGY STUDY

Table E-2. Approximate Functional Breakout of
Naval Electronics Procurement

Percent of
Area Elec troni cs

Procurement Va lue
Sonar and ASW 30
Navi gation 14
Analog Controls 13
Radar 7
EW 7
Communi cat ions 7
Recon , E-O 4
Crypto 3
Di gital data processing 3
Display equipment 2
Miscellaneous 10

Total 100

1° 
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MANUFACTURING TECHNOLOGY STUDY

The interviews ultimately resulted in the attainment ot useable break-
downs of cost into labor and material categories for eight systems. The
eight provi ded balance over both type of weapon system and functional area.
Previous studies were being reviewed and analyzed concurrently with the
weapon system interviews . An Army study on mi ssile costs and an Air Force study
on avionics costs were found to contain particularly valuab ie data ,”2
and were analyzed for breakout into material and l abor categories.

The initial analysis utilized four categories : Material (purchased
or subcontracted) , assembly and fabri cation l abor , support labor and test
labor. The result of thi s analysis is shown in Table E-3. Variation of
percen tage breakout between systems i s reasona bly l arge . In the case of
Digital Sonar A and B, this relates to the phase of production which will be
isolated for analysis later. Interestingly, the averages are fairly stable
when compared to s imil ar averages from other studi es. A ltogether , a total
of 82 system breakout data sets were analyzed to form the final overal l
avera ge. Due to the cons i stency of the data these values are con sidered
“universal” for all Navy electronics. The i ndustrial investigation provided

cost breakout data on a limited number of systems but it did include some

Navy specific systems (and ones of high procurement value ) for the first

time .

Science Applications, Inc . —
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MANUFACTURING TECHNOLOGY STUDY

Table E—3. Material/Labor Component Breakout
For Selec ted Elec troni cs Systems

MATERIAL : LABOR :
Purchased or Touch (Assem—

System Subcontracted bly & Fabri - Support Test
cat ion)

Digital Sonar A 46 26 19 9
Digital Sonar B 70 6 18 6
Di gital Sonar C 59 10 17 14
Small Sonar Set 40 23 17 10

Digital Computer A 44 37 11 18
Digital Computer B 77 16 4 3

Fi re Control Set 27 45 16 10

Air to Air Missile 621)
Detector Assembly

Data Averages 52+17 23+14 15+5 10+5

Avionics Averages2~ 50+10 24+2.5 17±4

Missile Electronics 50+6 32*7 8±5 10±2
Averages 1)

Overal l Average 51±7 26±5 13±3 10+2

,

1) Further breakdown unavailable.
2) Data from USAF sponsored study of 62 avIonics systems . 2)

3) Data from Army sponsored study of 12 missile systems .

p

Science Applications, Inc.
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MATERIAL BREAKOUT

The brea kout of mater i al i nto seven key categor i es was made us ing inter-
view results and the missile and avion i cs cost data sources referred to pre-
viously. The selection of these seven categories was based on achieving a com-
prehensive set of standard electronic component classes consistent with cate-
gor i es of data found in the sources.

Initi ally the mater i al was broken into three areas : 1) PCB boards
including components, 2) cabinets and cabling between cabinets , and 3) sensors ,
antennas and special tubes or devices . The results are: 1) 48 ± 8%;
2) 26 ± 5%; 3) 26 ± 5%. The next breakout was of the largest material area
assembled , PCB boards . Analy sis yielded a breakout as follows : integrated
ci rcuits , 33%; discrete transistors , 17%; hybri d circuits , 10%; passive
components , 8% (approximately 1/3 resistors, 1/3 capacitors , and 1/3 inductors
and crystals), and the PC board itself , its cabling to other boards and
var ious small monitor ing har dware , 32%.

LABOR BREAKOUT

The largest labor category, touch labor , was further broken out into
fabr icat ion labor , 42 

~ 
7% and assembly labor 58 ± 8% by methods similar to

those described above.

SUMMARY OF BREAKOUT RESULTS

The unit cos t breakout analys is has yielded cos ts in 11 ca tegor ies
for electron l cs equipment. These percent costs include allocation of non-
recurr ing costs , overhead and profit as appropriate to the individual categories.
The percentages are broad averages over all Navy electron i cs procurement,
thus a speci fic equipment may vary due to stage of production cycle, type of
equipment, or other special features. Duri ng the analysis considerable
stability and uniformity of the average breakout percentages were observed.
Table E—4 summarizes these results.

Science Applications, Inc.
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— MANUFACTURING TECHNOLOGY STUDY

Table E-4. Average Percentage Cost Breakout
For Electronics Equipment

Cost Category Percentage Percen tage

Mater ial 51
Enclosures and Cab les 13.3
Sensors , Special Tubes 13.3
Integrated Circuits 8
Printed Circuit Boards and Wi ring 8
Discrete Semi conductors 4
Hybrid Circui ts 2.4
Passive Components 2.0

Touch Labor 26
Assembly Labor 15
Fabri cation Labor 11

Support Labor 13 13

Test Labor 10 10

100

Science Applications, Inc. 
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MANUFACTURING TECHNOLOGY STUDY

PRODUCTION PHASE ANALYSIS

The largest single cause of percent breakdown value variation was de-
termined to be differences due to production phase. This stems from variation
in manufacturi ng cost patterns depending on the number of uflits to be produced
duri ng the contract. The variation is reflected in the ratio of labor to
material cost , a ratio which changes radically with units produced. The basic
reason is attributed to touch labor learning. A~ the number of units produced

in creases less mater ial is was ted and econom ies of scale on materi a l purchase
are ac hi eve d; however , these are not near ly as d ramati c as those assoc i ated
wi th l abor learning. Figure E-3 , which is based on analysis of Standard
Electronic Module costs by Wyatt,4~ graphically depicts the changing percentage
contributions of labor and material to total cost with increasing production
quantities. An asymptotic val ue of 43 percent material , 57 percent labor is
reached after the production of 1000 copies.

NON-MANUFACTURING COSTS

Some limi ted additional information was gathered concerning non-manufac-
turing costs. From these the following factors as percentages of unit costs
were developed : software developmen t and maintenance , 5 to 15 percent;
documentation , 10 to 15 percent; system integration , 5 to 10 percent; shipping,
2 to 10 percent. These costs are not directly related to manufacturing but
are part of the weapons systems costs paid by the Navy , and in some cases
are at least partially allocated to unit or flyaway costs. The specifi cs
of th4s vary with the weapon system and contract details.

ELECTRONICS MARKET DATA ANALYSIS

As a final step in the analysis industrial market data were reviewed.

P From this the following lessons were learned:

. The electronics industry is atypical in American business because
of its rapid product innovation and its creation of mass consump-
tion markets.

. The number and di versity of firms and their histori c hi gh level
of competition demand that they accept MT innovations more rapidly
than fi rms in more established manufacturing areas.

- 

E 2 0  Science Applications, Inc.
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__________ MANUFACTURING TECHNOLOGY STUDY

• In some cases the industrial and commercial market pressures force
revolutionary changes as exhibited in the areas of microcomputers ,
dig ital watches , personal communications equipmen t, ~nd home enter-tainment devices .

• It has become somewhat fashionable to question the vi ability of
the DoD as a market force in the electronics arena.

The remainder of this section reports the results of an examination into
the importance of the electronics industry to the DoD and vice versa. A study
of the flow of sales dollars from the DoD to US industry (Table E-5) shows
the results of an analysis of industrial trends averaged over the period 1969
to 1972. During this peri od the total “electron i cs industry” provided about
one-third of all procured i tems to the DoD, and the DoD as a customer did
represent a major factor of the sales of several large industrial groups. Use
of these groups are identi fied by the standard industrial classification (SIC)
codes in the analysis of industrial data. The SIC code data also show the
pervas i ve nature of electron i cs s ince e lectron i c systems are p rocured from a
broad segment of industry , often as part of a larger system, e.g., ships .*

A successful electron i cs MT program for the Navy mus t consider this per-
vasiveness of electronics systems in weapons as well as the large number of
firms that can contribute to cost reduction . Defining MT program goals that
encompass both expectations of the Navy and of industry will encourage thei r
cooperation and result in a plan that can be used as a pattern for other cost
reduction efforts.

CONCLUS ION

Anal ys is of Navy elec tron i c p rocurements into vari ous cos t factors
such as

• Unit costs
• Functional breakout
• Cost breakout (material and l abor)
• Material cost breakout

*Unfortunately later data on the market were not avai l able during the study .
Clearly the commercial markets for electron i cs have increased in response to
availability of new products (e.g. , hand hel d programmabl e ca lcu lators ,
CB radios , games attached to TV sets). However, the military market has
experienced similar new product availability (e.q. FLIR , microprocessors,
etc.). The conclusion at this time Is that the DoD is an Important market
factor, but faces the prospect of being ”crowded out” due to the potential
r~ni.l expansion of th~ co~rercial 3e~r1erIt. Science Applications, Inc . —
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• MANUFACTURING TECHNOLOGY STUDY

• Labor cost breakout
• Production phase di fferences
• Non manufacturing costs
• Market trends .

has been performed for a variety of electronics systems. Representative
systems were chosen , reviewed and analyzed. Relatively uniform cost breakout
relationships were formed in most cases ; the largest single vari ation was
found to be due to the production phase of manufacture . Certain non-manufactur-
ing costs were also assessed. The results are suffici ently accurate and repre-
sentative to allow a ranking of candidate Manufacturing Technology projects.
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MANUFACTURING TECHNOLOGY STUDY

I1~TRODUCT ION

To evaluate and rate the candidate MT projects based on their
potential economi c returns requires a methodology that estimates the
5-year pl an cost and benefits. The methodology needs to be flexible
enough to allow changes in basic assumptions regarding project timing
and probability of success in order to test the robustness of the re-
su lt s and to prov ide a bas i s for assess ing pro gram r i s k . The pro gram
written during the course of this study , ca l le d NEMIA (Nav y Elec tron i cs
Manufacturing Technology Analysis), provides these tools. In its
memory s tora ge are procureme nt cos ts for over 5~ Navy weapons systems ,
the percen tages of elec tron i cs cos ts , and the detailed cost breakout
into 11 subcomponents (see Table 4, Vol ume I for further details).
Data read-in on each of over 100 candidate projects include the areas
of cost impact , the systems to which the project applies and the timing.
A variety of discount and inflati on rates may be assumed to veri fy ‘he
sensitivi ty of results to the nominal values used . Table F-i outlines
the main features of the NEMIA program. Subsequent sections of this
appendi x cover the method of calcul ating savings and investment, under-
lying data, and program outputs . Throughout this appendix hypothetical
data are used to illustrate calculati ons . Vol ume II presents the candi-
date Navy 5-year plan produced by the NEMTA program and program list-
ings . Highlights of the results obtained from a study of the program
ou tput are summar i zed in Volume I.

Science Applications, Inc .
F-i

- — — — -.—,---— -~ — —- — - — _~~.=_=_J_ ~~~I __________________



MANUFACTURING TECHNOLOGY STUDY

Table F-i NEMTA Logic (Navy El ectronics
Manufacturing Technology Analysis)

• OBJECTIVE

1) Prov ide Es timates of MT Plan Cos t and Procur emen t
Sav i ngs for Nav y Elec tron i cs

2 ) Prov ide Bas i s for Evalua ti ng Al terna ti ve MT Plans

3) Assess Impact of Plan on Procurement Schedule

• STRUCTURE

1) Input Projected System Costs (Electronics Only)

2) In put Cos t Breakou t i nto E lements

3) Input MT Project Data

4) Determ i ne Sav ings * for Each Applicable or Chosen
System and for Ag grega te of Sys tems (B y Year and
Tota l )

5) Rank Projects by Total Savings and Itemize Cumulative
MT P lan Cos t

* Nom inal and Lower Boun d

• All Cost Data Discounted and Corrected for Inflation

10 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Science Applications, Inc .
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MANUFACTURING TECHNOLOGY STUDY —

DISCOUNTED REAL SAVINGS

The NEMTA p ro gram p rov ides a ca lcu la ti on of di scoun ted rea l

savings for each project; factors included are inflation , discount rate,

and project success probabilit y. To illustrate how the program works

explicit examples wi ll be shown in detai l for three hypothetical
projects. Table F-2 summari zes the key assumptions and impacts and
descri bes the systems and elements used as examples. The following

sections explain the various input values and equations used .

System Data

Tabl es F-3 through F-S display the system cost data that are

used in calculatin g procurement savings. These data become increasingly

specifi c with each table. Table F-3 incl udes total system fly-away

cost by year (the product of unit cost and buy quantity) and the

electronics portion of system cost by year. Table F-4 provides the
standard element percentage cost distributions for the electronics

position of each system by year. Table F-5 relates the yearly percentage

cost reduction by element and system attributable to a specific MT

project .

Table F-3. System Then-Year Procurement Cost ($100K) and
Electronics Percentage of System Cost

__
f~

- I a a
— S,ft~~ C~~t ILL Cast Ut Cast UI. Cast ILL Cast ILL Case UI. Cast Ut Cis t ILL Cast UI Cast ILL

SW 110 10 170 50 III 50 10 10 10 40 S U S PS S 70 S 70 S 75

Sit 137 40 110 50 110 10 110 U 310 40 200 40 115 70 ISO 70 *0 7 0 1 0  PS

p
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MANUFACTURING TECHNOLOGY STUDY

Table F-2
Di scoun ted Real Sav i ngs :

Summary of Key Po ints for Exa mp les

GENERAL ASSUMPTIONS

Weapon System Costs in Then-Year Dollars

Annual Inflation Rate of 6 Percent

Annual Discount Rate of 10 Percent

HYI~OTHET ICAL MT PROJECTS USED IN EXAMPLES

Project No. Hypothetical Project Descri ption

POOl PCB Pol yimid e
P008 M i crowave Elemen ts
PO lO Fl ex ib le Harnesses

SYSTEMS USED IN E XAMPLES

SPARROW (System called #S10 in examples)

HARPOON (System called #S11 in examples )

FUNCTIONAL ELEMENTS CONSIDERED IN EXAMPLES

E02 Active Componen ts
E04 Printed Circuit Boards

E05 Cab les

PROJECT IMPACT
The cost reduction Imp licati ons for the hypothetical projects

will consider the two missile systems in terms of the functional elements

as follows
Project System Element

POO l Sl O E04
POOl Sil EO4
P008 Sll E02
POlO Sb E05
POlO Sil E05

F-4 
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t
Table F-4. System Electronics Element Percentage Cost Distri bution

(Shown only for System/Elements Impacted by MT Projects
POOl , P008, PO lO)

__________________ - 

Year

System/Element 1 2 3 4 5 6 7 8 9 10

SiO/E04 20 20 20 19 . 19 19 18 17 17 17

Sil/E04 20 20 20 20 20 20 20 20 20 20
Sll/EO2 06 06 06 06 06 06 06 06 06 06
SlO/E05 06 06 06 06 06 06 06 07 07 07

Sl1/E05 06 06 06 06 06 06 06 06 06 06

Table F-5. MT Project System/Element Percentage Cost Reduction

Year
Project/ -

System/Element 1 2 3 4 5 6 7 8 9 10

POOl/SlO/E04 00 00 10 10 15 20 20 20 20 20
POOl/Sli/E04 00 00 00 05 10 20 20 20 20 20
P008/Sll/E02 00 00 00 00 15 20 25 25 25 25
POl0/S1O/E05 00 05 10 10 10 10 10 10 10 10
PO1O/Sll/E05 05 05 10 15 15 15 15 15 15 15

I
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MANUFACTURING TECHNOLOGY STUDY

MT Project Uncertainty

Project uncertainty considerations are incorporated into the
savings calculations through use of savings achievement probability
factors. The factors are specified by MT project and year for all
combinations of systems/elements that are anticipated to experience
cost reductions from project implementation . The uncertainty factors
are a recognition of the inherent differences between projects in terms
of r i sk and are app l i ed as sav i ngs percen tage reduc ti on factors to
provide lower bounds on cost savings estimates. Table F-6 provides the
uncertainty factors for the three illustrative projec~~.

Table F-6. MT Project Uncertainty Factors

Project! Year

System/Eleme nt 1 2 3 4 5 6 7 ~~ ~ 10

POO1/S1O/E04 070 070 075 075 080 085 085 090 095 100

POO1/S1i/E04 080 080 090 095 095 100 100 100 100 100

POO8/Sll/ E02 080 080 080 080 090 100 100 100 100 100
POlO /SlO/E05 080 080 090 100 100 100 100 100 100 100
PO 1O/S11/E05 080 080 090 100 100 100 100 100 100 100

Calculated Results

The flexibility built Into the NEMTA methodology allows for

savings to be calcu lated In thousands of dollars under the following
options

• Then-year or constant dollars

• Discounted or undiscounted dollars

• Upper bound or lower bound savings

F..6 Science Applications, Inc. -~~~
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MANUFACTURING TECHNOLOGY STUDY

The succeeding subsection illustrates cost savings calculations
in terms of undiscounted , then—year dollars for both the upper and
l ower bounds . This is followed by illustrations of upper and lower
boun d cos t sav ings in terms of presen t va l ue , cons tant do l la rs .

Savings $K, Undiscounted , Then-Year Dollars. All NEMTA production runs
are of this type, using a 10 percent discount factor and a 4 percent
inflation factor. However, savings can be computed in terms of undis-

•
coun ted, then-year dollars by simply specifying values of 0 per:ent
for the two econom i c fac tors .

Upper Bound Savings. Table F-7 provides upper bound savings in terms
of undi scounted , then-year dol l ars. This means that the savings have
not been adjusted for either pri ce l evel changes (presumably inflation )
or for the opportunity costs of money measured by an interest rate.

Table F-7. Upper Bound Savings (No Application of Uncertainty Fac tors )

Year
System/ — — ______ — — — — ______ __________

Project 1 2 3 4 5 6 7 8 9 10 Total

SlO/POOl 0 0 138 62 93 0 0 0 0 0 293
Sli/POOl 0 0 0 162 403 520 476 420 140 140 2261
S11/P008 0 0 0 0 181 156 178 158 52 52 777
sic/Polo o 31 41 20 20 0 0 0 0 0 112
Sil/POlO 25 31 72 146 181 117 107 94 32 32 837
Total 25 62 251 390 878 793 761 672 224 224 4280

()

F-i Science Applications, Inc.
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Upper Bound Savings Equations

N2.
Sjkj = W~~ * ô~ *(

~~~~ ~~~ * Rlk~~) 
(F-i)

where S ,~ ~k i s upper bound undi scoun ted , then—year savings
($ thousands) achieved in system i by applyi ng
project k advances in year j;

is total fly-away cost for system i in year j
($ hundreds of thousands);

is (electronics % of system i cost in year j);

x1 .~~ is (element % of electronics cost of system i in 1 year j
for subset ~ of elements 2.), with the subset 2.reflec ti ng only those elements subject to cost
reduction in system i through MT project k);

is (element % reduction in systeip i attributable to
~ project k in year j and element 2 . ) ;

5ik
G 

= ~~l
Sikj

G (F-2)

Skj
G 

= E 5 kj l (F— 3)

Ni G
5k 

= 
~ 

Sik (F-4)

lx i

Nk

~~ Sk (F—5)
kxl
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Lower Bound Savings. Table F-8 provides l ower bound savings in terms of
undiscounted , then-year dollars . The table differs from the immediately
preceding one in that the uncertainty factors (Table F-6) have been
incorporated into the calculations.

Table F-8. Lower Bound Savings (Application of Uncertainty Factors)

Year
System/ — _ _ _ _  — —  — — —  —  

_ _ _ _  _ _ _ _ _ _

Project 1 2 3 4 5 6 7 8 9 10 Total

510/POOl 0 0 104 46 74 0 0 0 0 0 224
Sil/POOl 0 0 0 154 383 520 476 420 140 140 2233
SI1/P008 0 0 0 0 163 156 178 158 52 52 759
Sic/Polo 0 25 37 20 20 20 0 0 0 0 102
S11/PO10 20 24 65 146 181 117 107 94 32 32 818
Total 20 49 206 366 821 793 761 672 224 224 4136

Lower Bound Savings Equations

N2.
~ ~~~~ * * % *~~ ‘ *~~~ ‘ F 6ikj ii ij 4’ “ij 1kj 2. ikj2. —

where S ik~ is lower bound undlscounted , then-year savings ($ thousan ds)
achieved in system i by applying project k advances in
year j ;

U.k4 is the probability of achieving savings at least as great1 as the “upper” bound
I,

All other terms in Equation (F-6) are defined as In Equation (F-i).

Equations for lower bound costs parallel Equations (F-2) to (F-5). The

superscri pt “H” simply replaces that of “G. ”

1

’ 
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Savings $K, Present Value 1978 Dollars

Upper Bound Savings. Table F—9 provides upper bound savings in terms

of present value 1978 dollars . Annual inflation and i nterest rates

of 6% and 10% respectively have been used in the sample cal culations.
Both rates are compounded annuall y and appear as denom i nator entries
in the basic equation (Equation F-]). This places the results in
terms of present value constant dollars with FY 1978 as the base year.

The use of the discount rate in the manner descri bed follows
cunventional financial practice. The placement of the inflation rate

in the denominator reflects the basic fact that system costs are most
likely to be secured from planning and budgeting documents. These
costs include allowances for anticipated inflation .*

Table F-9. Upper Bound Savings (No Appl ication of Uncertainty Factors)

Year
System/
Project 1 2 3 4 5 6 7 8 9 10 Total

SlO/POOl 0 0 87 33 43 0 0 0 0 0 163
Sli/POOl 0 0 0 88 187 207 162 123 35 30 832
S1l/P008 0 0 0 0 84 62 61 46 13 11 277
Sb /POlO 0 23 26 11 9 0 0 0 0 0 69
Sil/POlO 21 23 45 79 84 47 37 28 8 7 379
Total 21 48 158 211 407 316 260 197 56 48 1720

Upper Boun d Savings Equations

p sikj = ~ij * 6ij *

1
E 

~~~~~~~~~~~~~~ ~
9
j (F-i)

*In production runs and system costs not already in then—year dollars
were sui tably adjusted as indicated previously, a 4% inflation rate
was used for system costs rather than the sample rate of 6%.

— Science Applications, Inc.
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- MANUFACTURING TECHNOLOGY STUDY

where Sik . is uppe r bound present value 1978 savings ($ thousands )
ach i eved in system i by applying project k advances
in year j;

r is annual interest rate;

d is annual inflation rate.

All other terms in Equation (F-7) are defined as in Equation (F-i).

Equations for upper bound present value 1978 savings parallel Equations (F-2)

to (F-5) .  The superscript G* simply replaces G.

Lower Bound Savings. Table F-i0 provides l ower bound savings in terms

of present value , FY 1978 dollars . The uncertainty factors included

in Table F-6 have been incorporated into the calculations .

Table F-10. Lower Bound (Application of Uncertainty Factors)

Year
System/  — ___ _____

Project 1 2 3 4 5 6 7 8 9 10 Total

Sb /POO l 0 0 65 25 34 (
~ 0 0 0 0 124

Sib/POOl 0 0 0 84 178 207 162 123 35 30 819
S11/P008 0 0 0 0 76 62 61 46 13 11 269
510/POlO 0 18 24 11 9 0 0 0 0 0 62
Sil/PO1O 17 18 41 79 84 47 37 28 8 7 366
Total 17 36 130 199 381 ?16 260 197 56 48 1640

Upper Bound Savings Equations

Ni. , 
* *

D siki = ~Ij * * E 
X jj2.  RJkjL Ujkji. (F-8)

2.1 (1+r)1 (1+d)3

I

- Science Applications, Inc.
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- MANUFACTURING TECHNOLOGY STUEIY

where S.k)~
* Is l ower bound und i scounted , then—year savings ($ thousands)

achieved in system i by applying project k advances
in year j ;

Ujkjj is defi ned as in Equation (F-i);

r is annual i nterest rate;

d is annual inflation rate.

All other terms are as defined in Equation (F-i).

Equations for lower bound present value 1978 savings parallel

Equations (F-2) to (F-5). The superscript H* simply replaces G.

F-12 Science Applications, Inc. —
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p

DISCOUNTED REAL INVESTMENT

The NEMTA program calculates the discounted real i nvestment,
and another example will be shown for the same hypothetica l projects.
Tabl e F-il shows the assumptions of this example.

CALCULATED RESULTS

Investment $K, Present Value 1978 Dollars

Table F-12 provides the MT project inves tment costs in terms
of present val ue 1978 dollars . Annual i nflation and interest rates of
6% and 10% respectively have been used in the sample calculations .

Year

Project No. 1 2 3 4 5 6 7 Total

POOl 0 37 158 54 0 0 0 249

P008 0 0 0 54 46 0 0 100

POlO 9 7 6 5 0 0 0 27

TOTAL 9 44 164 113 46 0 0 376

Table F-12. MT Project Investment Costs (Present Value 1976
Dol l ars)

Investment Equations

Iki* 
= ‘kj [(i+r)~ (1+d)i] (F-9)

where is present value , constant dollar investment
($ thousands) for project k In year j;

1kj Is then-year Investment ($ thousands) for project
k in year j;

r Is annual Interest rate;

d Is annual Inflation rate.

F13 
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Table F-li
DISCOUNTED REAL INVESTMENT : EXAMPLE PARAMETERS

GENERAL ASSUMPTIONS

Investment in Then— Year Dollars

Annual Inflati on Rate of 6 Percent

Annual Di scount Rate of 10 Percent

HYPOTHETICAL 141 PROJECTS USED IN EXAMPLE

Project No. Hypothetical Project Description

Pool PCB Polyimi’de

P008 Mi crowave Elements
POlO Flex ib le Harnesses

PROJECT DATA (THEN-YEAR INVESTMENT $K)

Year
Project No. 1 2 3 4 5 6 7

POOl 0 50 250 100 0 0 0

P008 0 0 0 100 100 0 0

POlO 10 10 10 10 0 0 0

F.14 Science Applications, Inc. ~~
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Nk
= E ‘k~ 

(F-b )
k=l

= 1kj~ 
(F-il)

1* = ~ •~~~ = E I.* ~~ 1k~ 
(F- 12)

k=1 j=1 ‘~ j 1  =

Calcula ted Resu lts

The flexibility built into the NEMTA methodology for MT investment
parallels that for system cost sa”ings in that output can be generated
in thousands of dollars in terms of then—year or constant dollars ,
discounted or undiscounted. The methodology differs in that no uncer-
tainty factors are applied to investment date. A single output value
is provided rather than an upper and lower bound .

Two discount factors may be specified as NEMTA input and applied
Inseparably to investment and savings calculations. Infl ation rates are
specified separately for investment and savings . Also this feature
al l ows project costs (generally available from source documents in terms

of constant dollars ) and weapon system costs In terms of then—year
dollars to be used in the same program with no di fficulty .

Table F-12 provides the MT project investment costs in terms of

present val ue 1978 dollars . Annual Inflation and i nterest rates of 6%

and 10% respectively have been used in the sample calculations. All

NEMTA production runs produce present value constant dollar investment

output, using a 10% discount factor and a 0% infl atIon rate. The latter

was used since the project costs speci fied as input to NEMTA were in

constant FY1978 dollars .

F-15 
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PROGRAM SUMMARY

Table F-13 produces a sumary of the Navy Manufacturing

Technology Program for FY78-87 using the hypothetical data introduced
in this appendix. The table displays results oriented to MT projects.
With its flexible formatting capability , NEMTA is not only able to

produce reports of this type but also system-oriented output and
var i ous special purpose di splays.

r

G 
F-16 
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APPENDIX G

EQUIPMENT DATA AND LESSONS LEARNED FROM
NAVY PROJECT OFFICE AND MANUFACTURER INTERVIEWS

INTERVIEWS

Interviews were conducted with 27 Navy Project Offices in NAVELEX ,

NAVMAT , NAVSEA, and NAVAIR and wi th 15 selected manufacturers. Some firms
and project offices represented opportuni ties for more than one interview
area. Al together a total of 58 separate interviews were conducted.

The purpose of these interviews were to:

• Secure in formation on electronic equipment selected
as candidates for this study; in particular 1) procure-
ment cost drivers and 2) manufacturing technology pro-
jects or incentive suggesti ons.

• Obtain experience-based observations for compilation
— into lessons learned of perti nence to the MT

program.

The succeeding section suninarizes the lessons learned . This is
followed by data on specific Navy equipment. Data sheets are provided ,

irrespective of whether the particular i tem was ultimately included or
excluded in this study as a possible MT candidate. Cross-referencing to each
included Item has been facilitated by entering the system i dentifi cation
nunber used In the computerized cost model (see Volume II and Appendi x F,

this Volume) in the top left-hand corner of each data sheet.

Many of the equi pment i tems addressed in this study are i dentified

by an “AN” number. Figure G-1 provides a coding di ctionary for AN equip-

ment.

I.

S S 
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VEHICLE WHICH HAS NO FUNCTION OTHER U—METEOROLOGICAL 1.— SEARC HLIGHT CONTROL (INACTIVAT ED USE
THAN TRANSP ORTING THE EQUIPMENT) N—SOUND IN AIR

P—PA CK OR PORTABLE (ANIMAL OR MAN) P—RA DAR N—MA INTENANCE AND TEST ASSEMBLIES
(INCLUDING TOOLS)S -WATER W*PAC ! CRAFT Q—SONAR AND UNDERWAT ER SOUND

N—NAVIGATIONAL AIDS (INCLUDING ALTIMETERS .1—GROUND. TRANSPORTABL E R—RAOIO
BEA CONS , COMPASSES . RACONS, DEPTHU—GENERAL UTILITY (INCLUDES T~ O OR MORE S—SPECIAL TY PES, MAGN ETIC. ETC.. OR SOUNDING APPR OACH AND LANDING)GENERA L INSTALLATION Ct. A SSES . AI RS CRNE . COMBINATIONS OF TYPES

S4IIPBOARO~ AND GROUND) P—REPRODU CING (PHOTOGRAPHIC AND SOUND)
T TELEPHOHE (WIR E) 

0. SPECIAL OR COMBINATIO N OP TYPESV—GROUND. VEHI CtII.AR (INSTALLE D IN VE HICLE V—VISUAL AND VISIBLE LIGHTDESIGNED FOR FUNCTIONS OTHER THAN R—REC EIV ING
CARRYING ELECTRONIC EQUIPM ENT . ETC. X— PA CSINILE OR TELEVISION 

S— DETECTIN G AND/OR RANGE AND BEARING
SUCH AS TANKS) 

1—T RANSMITTINGB—UNDERWATER , FIXED
B—R EMOTE CONTROl.
B—ID ENTIFICATION AND RECOGNITION

p

Figure G-1. Joint Coninunications-Electronics Type Designation System
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MANUFACTURING TECHNOLOGY STUDY

LESSONS LEARNED

As a result of the interviews conducted , the fol low ing lessons were
apparent:

• While interviews in Navy offices did not generate many
specific l eads for cost drivers or MT projects, they
did identi fy, to a varying degree, details about
systems and thei r components and the rel ated vendors .
They were essential in securing the cooperation of
the project office and contracting firms, and in making
a wide group in the Navy procurement cycle aware of
the MT program goals. In any subsequent studies of
this nature , considerable effort is suggested at the
project office level. The assistance of NAVMAT 042
in providing a letter of introduction to the project
offices was a cri tical fi rst step in this process.

• Neither the contractor firms nor the project offices
had much genera l data about percentage of distribution
of costs of electroni cs components to total system
costs, nor cost learning curves avail abl e during the
initial interviews. An apparent exception to this is
NAVSEA-06H , particularly wi th respect to sonar systems.
This office, with its support contractor , EG&G, has also
developed many factors and estimati ng relationships per-
taining to electronics costs. The data and cost esti-
mating tools are highly proprietary and for the most
part were not made available.

• Most of the manufacturing firms contacted were very
cooperative and In many instances were able to provide
ercentage cost breakdown of electronics devi ces into

• subcomponents after some research. Learning curves
were much more diffi cult to obtain and many of the
most interesting systems from the MT point of view are

• not wel l advanced in production In any case. In subse-
quent studies it Is well to recognize that a time lag
between the initial interview and cost data may exist.

• All respondents recognized that military electronic
harcMare costs more than equivalent coninercial equip-
ment because 1) military procurements usually are small
in quantity, which results in batch—type production ,
and 2) the mil itary requirements for testing and for
documentation are extremely costly. There was no univer-
sal opinion on whether the Navy MT program would be

• able to overcome these formidable facts of life. All
respond nts also accepted the general vi~w that U.S.
industry was currently lagging in manufacturing pro-
ductivi ty and that something ought to be done to correct
the problem.

r Science Applications, Inc.
13-3

—. • — — — — —-. —~ — ——— ~~. S~~~~~~ M - -- . ~~ 1— — -



I
MANUFACTURING TECHNOLOGY STUDY

0

• Specific and detailed proposals for Manufacturing
Technology projects were received from severa l fi rms
subsequent to the i nterviews. The fact that the
Army ECOM Conference was being held in the same
timeframe provided additional motivation to many
firms. Other firms provided genera l ideas as to pro-
jects cr incentives they felt desirable. In total ,
nearly 400 candidate projects were reviewed. How-
ever, in many cases cost benefi t data were either
missing or difficult to verify. Moreover , many
firms did not relate their proposals toward specific
milita ry procurements . In some cases it was clear
that little initial R&D work had been accomplished .
Follow-up interview s wi th industrial firms to clarify
data are requi red for those proposals rating wel l i n
the initial analysis.

The following points also emerged , although not directly related to the scope
of the investi gation ; they are included for completeness .

• The non— hardware costs of procurement programs for
large systems have become excessive. These costs
inclu de computer programs and also the many aspects
of program management , and they can amount to over
70 percent of total production program costs. The
cost of developing and maintaining system computer
programs is substantial , and these software costs
are usually under-estimated by program managers.

• Almost any change that Is introduced after the start
of production increases costs. This even includes
reducing such things as required inspections or reports.
This is because of the many agencies that are involved
in the procurement process ; introducing a change
di rectly affects many of them and has to be coordinated
with many others , and this is costly.

• The Navy frequently has a problem maintaining electronic
equipment because as technology advances , many firms
lose interest in producing old components that the Navy
needs for repair parts.

• The opinion in Navy project offices about the Standard
Electronic Module (SEM) program ~c divided . Some
stress the opportunities for cost savings in develop-
ment of follow-on similar systems and for life cycle
savings because of mult iple vendors and high reliabil ity ;
others assert that the program inhibits technological
advance by restricting design to use of existing com-

• ponents and that it leads to high cost of initially
qual ifying modules.

— Science Applications, Inc. —
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p
COVERAGE

Of the 51 systems selected for inclusion in the initial phase of
the study , 32 of these were felt important enough to warrant specific inter-
views o~ program offices and industrial fi rms. The following table , 13—2,
shows the coverage and indicates whether an equ i pment data sheet was
generated. The subsequent pages represent a sunmary compilation of the
32 equipments investi gated, the data sources and observations. In additi on ,
four other thematic areas were included due to their importance in manu-
facture or widespread utilization in the fleet. These are: Integrated
Circuits , Travel ing Wave Tubes, Robotics and High Power Laser usage in
Manu facture . Finally, important observations unrelated to any particular

system are also sumarized.

• ________________________________Science Applicatk ns, Inc.
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Table G—2. Equipment Data Sheet Status

NEMTA Model NEMTA Model Specifi c Interview
ID # Nomenclature Wri te-up

SOl DDG-47 AEGIS Yes
S02 FFG-7 FRIGATE Excluded
S03 SSN 688 CLASS Excluded
S04 SSBN TRIDENT Excluded
S05 CSGN CRUISER Excluded

L1O BQQ- 5 SONAR Yes
Lii BQQ-6 SONAR Yes
L12 SQS-56 SONAR Yes
L13 BQR—21 SONAR Yes
L14 SSQ-41 SONOBUOY Yes
L].5 SS Q—53 SONOBUOY Yes
L16 SSQ-62 SONOBUOY Yes
L17 SATCOM SHIP TERMINAL Yes
L18 PRC-104 ~,ADIO Yes
L19 IRR COMMO Exc l uded
L20 ESG NAV~G Yes
L21 TPS-59 RADAR Yes
L22 TPS-63 RADAR Yes
L23 DTP EW SUITE Yes
L24 AN/UYK-7 COMPUTER Yes
L25 AN/UYK-20 COMPUTER Yes
L26 AYK- 14 COMPUTER Yes
L27 NTDS Yes
L28 AWG-9 WPN CNTR SYST Yes
L29 • T RAM Excluded
L30 SPS-49 SHIP RADAR Excluded
L31 SPS-58 SHIP RADAR Excluded
L32 ALQ-78 ECM SET Excluded
L33 ALR-59 EW SET Excluded
L34 AIMS Exclu ded
L35 APS 115 RADAR Exclu ded

A4o F14 A TOMCAT Excluded

A41 A7E CORSAIR Excluded
A42 P3C ORION Yes
A43 E2C HAWKEY E Yes

• A44 A6E INTRUDER Yes
A45 EA6B PROWLER Yes
A46 LAMPS Yes
A47 F18 Excluded

Continued on next page

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

Table 13—2. Equipment Data Sheet Status (Cont’d)

NEMTA Model NEMTA Model Specifi c Interview
ID # Nomenclature Wri te—up
M60 HARPOON Yes
M61 , STANDARD ER Yes
M62 STANDARD MR Excluded
M63 PHOENIX Yes
M64 SPARROW Excluded
M65 SIDEWINDER Excluded
M66 HARM Yes
M67 TOMAHAW K Yes
M68 TRIDENT Excluded

080 MK-48 TORPEDO Yes
081 MK15 PHALAN X CIWS Yes

IC1 s Yes
NT’ s Yes
Robotics Yes
High Power Laser Yes
use in Manufacture
General Yes

Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

SOl AEGIS DESTROYER/CRUISER WEAPON SYSTEM

The AEGIS weapon system is designed to counter the aircraft and missile
threat to the fleet. The elements of the system are shown in the attached
display (Figure 13-1). RCA is the prime contractor for the AEGIS system and
Raytheon is the subcontractor for the fire control system as wel l as being
a major subcontractor for elements of the acquisiti on radar. General
Dynamics is the contractor for the SM—2 missile. The AN/SPY 1-A multi -
function radar system is the major component of the system. It provides
hemispheri cal target acquisition capability using electronically steerable
phased-array antennas . In additi on , the SPY-i provi des track and mi d-
course guidance to the SM-2 missile. The AEGIS weapon system has undergone
testing at sea in the USS Norton Sound , but a production decision is still
pending. Current plans call for installation of the system on 25 ships .

Office Visited Date Personnel Contacted Remarks
NSEA PMS 403 2/4/77 Richard Britton PMS 400 is responsible for the
(now designated William Mercanti AEGIS system development including
PMS-400 ) Gan Lee SM-2 missile development.

Contractors Visited
RCA, Moorestown , 278/77 Howard Grossman , RCA Production Manager
N.J. (prime Howard Mercer , RCA Production Plann i ng
contractor) Leo F. Snyder, Navy On-Site Representative

Wi ll i am Mercanti , PMS 403 Representative

Raytheon, Wayland ,2/9/77 Hal Soderberg, Raytheon An informal conference was
Mass. (subcon- Aegis Prg. Mgr. held at Raytheon. In addi-
tractor) Dick Schwartz, Raytheon , tion to the personnel identi-

Fire Control Sys. fled at the left , about 30
Grant St. John , Raytheon , other industry representatives
High Powered Radar were present. These included
Transmitters representati ves from GE and

RCA as well as Raytheon.
Observations:

1) • PMS 403 in—house analysis has identified cost drivers and developed
a. l ist of MT reccumiendations .

2) RCA is implementing a fully automated AEGIS production Management
Control System.

3) All organizations concerned expressed interest in the MT program and
p suggested areas for improvement including:

• Firmer distinction between MT and redesign efforts
• Demonstration of technology improvements by MT funds through pilot

production and quali fi cation
• Avoidance of funding sl ippage for urgent projects

• • Development of better ways of disseminating the results of
Industrial MT projects to interested military and industrial
représentati yes.

‘V 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MANUFACTURING TECHNOLOGY STUDY

L1O AN/BQQ-5 SONAR

The AN/BQQ-5 is an active , all digit al ASW sonar for SSNs. It
will detect, classify and track submarines , surface ship s and torpedoes.
The unit cost is about $6.8 million for a b~.:kfi t system. The prime con-
tractor is IBM, Manassas.

Office Visited Date Personnel Contacted Budget
NSEA 660FB 1/20/77 Mr. Don Baird $170M for R&D

$42.6M FY77 SCN funds
$517.3M FY77-82 OPN funds

IBM , Manassas , 2/15/77 James C. Sharp , Contracts
Va. Donal d J. Buckley , Mgr. Mfg.

R. C. Jonsson , Proteus Prod. Prog. Office
A. H. Toman , Military Disk Files/Storage
Larry Ii , Planning
A. J. El ias , Finance
C. R. Bogan , Finance
Robt. L. Volp, Cost Engineering

Component Engineering Unit Cost Vendor Notes
SEM - Ci rcuit Technology $3M total per system

Inc. (Largest
supplier)

Cabinets - Weston & Langley 16 per system
Power suppl ies - TRIO/IBM 100 per system
Di~p1ays console - IBM 3 per systemWc urums
Associated Equipment
Towed array - Gould
Towed array handl ing - IN
system

XMTR Kits - Raytheon
Refurbished XMTR - Raytheon
AN/UYK-7 Computer - Univac
Precisi on Data Recorder - Raytheon

Observati ons
1) 3 systems are operational , and 15 systems are in vari ous stages of

installation. Projected installation rate is 12/year.
2) System consists of 52 cabinets of electronics , includin g 16 provided

as GFE. Each system includes about 18000 SEMs. System includes 3 display
cabinets.

3) IBM, Manassas is responsibl e for final assembly, integration
and testing.

4) Manufacturing is done chiefly In the Owego, N.Y., plant where all
purchasing is also centrally located.

5) Testing at all levels is highly automated and accounts for only
6% of cost.

p
Science Applications, Inc.
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L1O AN/ BQQ—5 SONAR ( Cont ’d)

Observations (continued)
6) All cabinets are subcontracted.
7) SEMs provi de opportunities for significant cost savings .

IBM sees benefit of the current ‘1improved” generation of SEM.
8) IBM believes that the very large memories now available will

result in signifi cant reduction in hardware/software costs due to simpler
progranini ng.

9) The Environmental testing s pecifications could result in large
Increases in cost and time ; however, the contractor has apparently an
effective testing plan that allows thorough testing for reasonable costs .

Science Applications, Inc. —
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Lii AN/BQQ-6 SONAR

The AN/BQQ-6 is a passive , all digi tal sonar for the TRIDENT sub-
marine. It detects, classifies , and tracks submari nes and ships . No
BQQ-6 cost data are available. The prime contractor is IBM , Owego.

Office Visited Date Personnel Contacted Budget
NSEA 6606 1/20/77 LCDR. W. N. Moore

Mr. Bernard Bernstein

Component Equipment Unit Cost Vendor Notes
SEM - - AN/BQQ-6 and AN/BQQ-5 sonars

employ thousands of common
modules

Mass Memory Drums $60K

Associated Equipment
Fire Control System - Slnger/ Uses High density 5x5 modules

Librascope with high tech, components
instead of SEMs

FCS Displays - Hughes

Observations
1) Software costs are about half of total system costs.
2) Wi re harnessing is a problem because of variation in

manufacturers’ cabling techniques. IBM uses flat cabling , whereas Hughes
and Singer use bundled cables.

H)
Science Applications, Inc.
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MANUFACTURING TECHNOLOGY STUDY

L12 AN/SQS-56 SONAR

The AN/SQS—56 Sonar system provides acti ve/ passive sonar capability
and track /c lassify—while-search capability to surface ships . It is being
installed on the new FFG- 7 class frigrates . The unit cost of the system is
(in pilot production ) about $2.5 million , of which about $1.5 million is
for hardwa re and $1 million for softwa re, project management , logistics
support, and documentation.

Office Visited Date Personnel Contacted Budget
NSEA 661C4 1/6/77 Mr. Robert Einzig

6/21/77 Mr. Andy Breece

Observations
1) Total procurement will be about 70-80 systems.
2) The sonar is based upon 1972-73 technology. It does not

include any LSI.
3) About 40% of the electronics are SEM.

Science Applications, Inc.
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L13 AN/BQR-21 SONAR

The AN/BQR-2i DIMUS (Digital Multibeam Sonar), wh ich replaces
BQR-2 , gives passive sonar capability to SSBNs and some SSNs. Unit
cost is approximately $1.7 mi ll ion. The prime contractor is Honeywell ,
Marine Systems Division . MSD is located in West Covina , Califo rnia
and in Seattle , Washington. Approximately 80% of thei r business is
wi th the Navy - 20% is commerci al. Honeywell MSD has had the total
ASW system Integration responsibility for 270 ships .

Office Visited Date Personnel Contacted Budqe~NSEA 660C-2 1/7/77 Mr. Fred Brumbaugh

Contractor VIs ited 
1/ 12/ 77 Gerald Vande voort (AN/BQR—2 1 Progra m Mgr. )

Covina , Ca. Jerry Holman (Mgr. Defense Opera tions)
Hugh Tulloch (Marketing)
Steve Goldwa ter (AN/BQR—2 1 Production Mgr. )
John Marsh (NAVSEA Rep. )

Approximate
Component Equipment Unit Cost Vendor Notes
Electronics $ 900K Honeywell Consists of pre-amplifier

switch assembly, processor,
& display

Hydrophones 142K Honeywell provides the
Array/Baffle $150K baffles only - 41 sets
Delivery Rate 2/month NAD , Crane monitors program.

Observations
1) The electronics are 85% SEM, of which 90% are unique to the sys tem.

SEM’s cost $12M for 56 BQR-21 systems .
2) Harnesses are assembled manua lly.
3) The wire wrap of modules and electronics testing is automated and

computer controlled . Test equipment and wi re wrap machine are owned by Navy .
4) The procurement contract is fixed price r incentive type.
5) Sylvania and Ci rcuit Technology , Inc. (CTI ) are the principal

vendors of SEM modules.
6) 27 months l ead time for first systems. Production started at 2/month.
7) Payment Is not in Installments but occurs about one year after

delivery so that front end investment by contractor Is very high.
8) Of the 56 systems, 2 are refurbished en~ineering development models

and 43 are new; 8 are for traIners; 1 is a configuration control model.
9) Detailed breakdown of percentage costs were obtained.

—Science Applications, Inc. —~
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L14/L15/L16 SONOBUOYS

Sonobuoys are air-dropped expendable devices used for ASW . There are
several models and types for different purposes , but they are of a standard
size to fit aircraft launch tubes.

Offi ce Visited Date Personnel Contacted Budget
PM4/ASW—11 1/19/77 Mr. H. Magid $80M FY77

NAIR 5330 1/13/77 G. L. Perseghin

Cont~’actor VisitedSparton Electron- 2/3/77 Mr. C. W. Skillas, Di rector
ics of Marketing

(interv iew took place in Arlington, Va.)

Sonobuoys Uni t Cost Vendor Notes
SSQ-53 (DIFAR) 1300—500 Magnavox , Sparton Passive , $35M FY77

Hermes
SSQ-41 1170-200 Magnavox , Sparton Passive , $2i.4M FY77

Hermes
SSQ-62 (DICASS) $3K-4K Raytheon , Sparton Active , $12.6M FY77
SSQ-5O (CASS) - Act Ive , $4.6M FY77
SSQ— 57 - Passive , $3.7M FY77
SSQ-47 - Active $3.6M FY77
SSQ—36 - Bathythermograph ,

$2 .OM FY77

Observations
1) Al l  production contracts are fixed price against functional specifi-

cations.
2) Dual sources for all sonobuoys mai ntained.
3) High volume procurement - about 200,000 in FY77.
4) Automated prepared production capability is a possible alternative

to stockpiling and continued production , but no action being taken in this
direction.

5) High reliability Is the overriding requirement for sonobuoys , due to
stringent procurement acceptance tests.

6) SpecIfication , through development, to full production for a new
sonobuoy usually takes about 9 years.

7) Manufacturers differ In thei r production methods for the same item,
but typically, sell for about the same price.

8) Batteries are a high cost component of active sonobuoys. Batteries
account for about 30 to 50% of acti~Ie sonobu

5oy cost.
9) Sonobuoy contracts require that there be two suppliers for all cri-

tical parts.
10) Spartan has primarily produced Its sonobuoys as handmade items. An

automated Insertion machine has been procured and Is being evaluated for pro-
duction use.

11) Spartan has developed its sonobuoys with corporate funds and subse-
quently marketed them to the Navy.

12) Detailed cost breakdowns are available. 
-
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L17 AN/WSC-3 SATCOM TRANSCEIVER

The AN/!~SC-3 UHF SATCOM TRANSCEIVER will provide the Satellite
Commun i cati ons System Terminals for most shi ps and submar i nes. The un it costis 128.5K. The priiiie con tractor is El ectronic Commun ications, Inc. (Ed )
St. Petersburg, Fl a.

Office Visited Date Personnel Contacted Budget
PME 106 12/29/76 Mr. J. 0. Sampson $5.6M FY77 OPN Funds

$4 .OM FY78 OPN Funds

Component Equipment Unit Cos t Vendor Notes
Radio Xmtr. $2,340 - From Interim Report Parts List
Vol tage Regulator $1,221 - “ “ “ “
FSK Detector $ 862 - “ “ ‘I

RF Translator $ 928 - “ “ “ ‘I

Synthesizer $1,965 — “ “ “
Data Modulator $ 817 - “ “ “ “
Switch Assembly $ 740 — “ I’ “

Associated Equipment
OE-82 Ship Antenna 147.6K Datron
Sub.Sat. Info. Exch.Sub-sys 129.5K -

Secure Voice Encoders 128.4K E Systems

Observations
1) Fixed price contract wi th Ed .
2) The Submarine Satellite Informati on Exchange Subsystem (SSIXS)

equipments with the AN/WSC-3 submarine SATCOM terminal will provide a high
data rate submarine-shore-submarine satell ite coninunicatlons capability .

‘
S.)
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L18 AN/PRC-104 MANPACK TRANSCEIVER

The AN/PRC- 104 Manpack Transceiver is a HF SSB Transceiver for
short and long range voice comunications . It weighs 12½ pounds and provi des
channels in 100 KHz i ncrements ove r the band 2 to 30 MHz . The unit cost is
14.2K. The prime contractor is Hughes , Fullerton , California.

Office Visited Date Personnel Contacted Budget
NELEX 5401 12729/77 Mr. G.T. Bartnett $22M
Contractor Visited
Hughes Aircra ft Co. 2/9/77
Fuller ton , Ca.

Component Equipment Unit Cos t Vendor Notes
5 modules - - -
28 submodules - - -

7 hybri d assemblies - - -
6 LSIs — - -

Associated E~ul pmentReceiver/Exciters $2,725 Hughes Procured separately
but same contract

Mount, TTY Cony., $1,231 Hughes Procured separately
Audio-ampl . for but same contract
vehicle version

Observations
1) 3,740 units of the PRC-1O4 are to be procured, 2421 for the U.S.

Marines and 1,319 for Sweden. The fixed pri ce contract, with escalation
clause , also includes 1,067 of the associated equipment for the vehicle
mounted version.

2) ProductIon decision is shceduled for July 1977.
3) High-cost components that mi ght be suitable for an MT project

are: - -• —• 

- Temperature compensated erystal oscillator
- Synthesizer, inc luding voltage and temperature control

oscillators .

6 
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L20 SSBN ESG NAVIGAT ION SYSTEM

Autonetics Division of Rockwell International is producing the high
accuracy electra-static gyro (ESG) navi gati on sys tem for SSBNs .

Office V isited Date Personnel Contacted
Air Force Plant Rep . 1/14/77 Col . Talley , USAF

Mr. A. A. DiNub lia

Contractor Visited
Autonetics Div., 1/20/77 Mr. James Dri ver ,

Rockwel l International Di rector of Operations

The Air Force Plant representative gave a general rundown of the active con-
tracts of Nava l interest at Autonetics . Autonetics is to produce 9 ESG
navigation systems at a cost (FFP) of $44M. The Anaheim autonetics facility is
used primarily for assembly of operati ons.

Observati ons
1) Cabling is considered a major problem . There is a need to investi-

gate all methods of multiplexing to r’~duce cable runs.2) Differences in solderi ng speci fications between the Services lead
to costly duplication of efforts.

3) Standard Electronic Modules (SEM) result in increases in material
costs which probably offset lower logisti cs costs .

V

()
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L21 AN/TPS-59 RADAR

The AN/TPS-59 3D, “L” band radar is a long range phased array set
used for surveillance of tactical air space and ground control intercept.
It is the world’ s first all solid state tactical radar. Its unit cost is
estimated at about $4M. The prime contractor is Genera l Electri c , Syracuse,
N.Y.

Office Visited Date Personnel Contacted Budget
NELEX 5402 1/3/77 Mr. W.C. Alex ion $14M for Development

Mr. Ike King

Contractor Visited
General Electric 5/27/77 Mr. Jon Canolesio interview took
Syracuse , N.Y. Mr. Bernard Geyer p l ace In

Mr. Jim Kalitta McLean , Virginia

Component Equipment Unit Cost Vendor Notes

Antenna - - -
-54 Row Feed Networks
-Row Electronics
-Row Transmitter Power Supplies
Signa l Processor - - - -

Di spl ay Console - - -
Data Processor (UYK-7) - - —

Observations
1) Repair parts list giving vendor code and unit pri ce for

hundreds of small parts such as P.W. Boards , transistors, switches .
fi l ters, etc., is avai lable.

2) One development model being tested now at Camp Pendleton.
3) Possible MT candidate is the row board .
4) Production decision scheduled for about November 1977.

Science Applications, Inc. -
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L22 AN/TPS-63/65 RADAR

The AN/TPS-63/65 Radar is a hiqh performance, 2D, “L” band radar
used by the U.S. Mari ne Corps for air traffic control and airfield sur-
veillance in amphibious areas . The TPS-65 is a iial capability TPS-63 with
a single antenna. The unit cost is about $525K for the TPS-63 and 1850K
for the TPS-65. The pri me contractor is Westinghouse , Bal timore, Md.

Office Visited Date Personnel Contacted Budget
NELEX 5402 1/3/77 Mr: W.C . Alexion $1O.4M FY77

Mr. 0. Bicoff

Component Equipment Uni t Cost Vendor Notes
Transmitter - - -
Antenna - - -
Receiver - - -
Siqnal Processor - - -
System Power - -

I

Observations
1) Repai r parts list gi vi ng manufacturers code and unit price for

hundreds of small parts such as ICs , resistors, capacitors, transistors,
etc. , is avai lable.
TPS_63S~~fld~~3 TPS 65S~

re considering acquisition of an additional 10

E
S.
)

Science Applications, Inc.
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L23 DESIGN-TO-PRICE EW SUITE (SLQ- 32)

The Design-to-Pri ce EW Suite is a modular EW system intended to
provide a varied set of modern low cost EW equipments to about 300 ships.
Di fferent vessels will be provided different EW capability from the Design-
to—Price EW modules so there is no standard unit cost. However, the total
program is estimated to have an acquisiti on cost of about $240M, 5—year
support costs of $60M, and installati on costs of about $160M. The prime
contractor is Raytheon.

Office Visited Date Personnel Contacted Budget
PME 107-3 1/28/77 Capt. R.A. Hullander $44.8 FY77

Quanti ties
over four
years Component Equipment Unit Cost Vendor Notes
1,024 Voltage Control $1.3 FSI These items

Oscillator selected by
9,000 Miniature TWT $1.9K Varian Capt. Hul l ander

& ITT as ones most per-
27,598 Crystal Video $30 Teledyne MIC tinent for MT

Receiver
637 VIG Filters 11.5K WJ
896 Htgh Vol tage Power $8K KELTEC

Supply

Observat ions
1) Each of the components listed above will be bought In very

large quantiti es.
2) A good candidate for MT is the miniature NT due to the

vol ume requi red.

p
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L24 AN/UYK-7 COMPUTER

The AN/UYK-7 computer is a standard general purpose digital computer
for various tacti cal applications on ship, submarine , and shore bases . It
is of modular design , allowi ng for flexibility in memory capaci ty. The
basic computer uses a single bay . Additional bays are added to provide
for memory capacity increases . A single bay is used wi th the AN/BQQ—5
sona r, two bays with the AN/BQQ-6 sonar, and four bays with such ships
as the DLG 38-DLG 41. The prime AN/UYI( contractor is Sperry-Univac of
St. Paul , Mi nnesota. The computer has been in production for several years
and is expected to continue for several more. Currently, 144 sing le bay
equivalents are being produced per year with an “average ” configuration of
1.9 bays.

Contractor Visited Date Personnel Contacted Budget
Sperry-Univac, 27~777 Don Dunn , Di rector of Operations
St. Paul , Minn. John Knaak , Director of Mfg. Eng.

Tom Bush , Schedule & Cost for UYK-7
Dave Duncan , UYK Pgm. Mgr.
Paul Welshi nger, Dir. of Quality

Control
Earl Verra , MT Dept. Engineer
Marc Shoquist, Rep. of VP for Mfg.

r
Observations

1) The cabinets are all subcontracted and are a major cost item.
2) There is a high degree of automation employed in the plant.
3) There is a centralized Manufacturing Technology Department

at Sperry.-
4) Interest in the MT program is high.
5) The incentives for i ndustrial modernization to reduce unit

producti on costs can be augmented by changi ng the procurement regulations
to allow for lower risks in capital Investment decisions.

-Science Applications~ Inc.
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L25 AN/UYK-20 COMPUTER

The AN/ UY K-20 mini computer is a standard general purpose digital
computer for var ious tactical applications . It Is of modular des ign,
allowing many features to be added . The unit cost for the basic set is
about 120K. The prime contractor is UNIVAC , Clearwa ter , Florida.

Office Visited Date Personnel Contacted Budget

NELEX 5701 12/27/76 Mr. A.L. Smeyne -

Component Equipment Unit Cost Vendor Notes
Memory Array boards High cos t part
Power suppl ies “ ‘S

1.  

_ _ _ _ _ _ _ _
Observations

1) About 800 UYK-20s have been procured under a fixed unit pri ce
contract, no quantity specifi ed. A new follow-on contract is now being
negotiated.

2) IC ’s were held to speci fications required by the AN/UYK-20
environment only.

3) Fairly steady Navy demand has permitted mass-production line type
manufacture.

I

•1
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L26 AN/AYK- 14 DIGITAL COMPUTER

The AN/AYK-14 is an airborne computer designed for application in multi-
ple aircraft and weapon systems. Two basic confi gurations give flexibility
in system capability.

Office Visited Date Personnel Contacted
NAIR 533 1/21/77 Henry Mendenhall

Contractor Visited
C~ itrol Data Corp. 2/9/77 Jerry Silverman , Program Mgr.

Minneapol i s , Minn. Jerry Johnson , Bus i ness Mgmt.
Ken Muiholland , Mfg. Eng.

Observa tions
1) The AN/AYK- 14 is being procured in small quantities for programs

such as the F-18, LAMPS III and others. There is a potential market for many
hundreds of these computers in ten or so programs.

2) CDC will provi de a production data package and procurement will
be by competitive bid.

:1
5
)
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E16 NAVY TACTICAL DATA SYSTEM (NTDS )

The NTDS i s a system of comuni cations , display and data processing
equipments incorporate d in varying combinati ons on all major Navy warships .
The purpose is to allow the Tac tical Commander to perform his combat function
accurately and quickly. Some equi pment is old; other equipment is con-
tinuously being developed for the system.

Office Visited Date Personnel Contacted Budget
NSEA 612B 1/11/ 77 Capt. C. C. Drenkard $14.3M in FY77

(R&D only)

Representative
Component Equipment Unit Cos t Vendor Notes
Communications: USQ-59 Collins

SRC-23
URC- 75

Displ ays : UYQ—2 1 Hughes
UYA-4

Data Processing: UYK-7 - Sperry
and peripherals Univac

Observations
1) NIDS provides ~a) combat direction system integrating ship sensor

data, communications and weapon control ; (b) analysis of operational data , and
(c) initiation of response In accordance with doctrine in computer memories.

I’

I’
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L28/M63 PHOENIX WEAPON SYSTEM

The PHOENIX missile system is comprised of a long-range ai rborne weapon
control system (AN/AWG-9) with multi ple target handling capabilities and a
long range missile (AIM-54A) utilizing command mid-course gu idance and active
terminal guidance. The Hughes Aircraft Co. Is the prime contractor for both
the wea pon control system and the mi ss i le. These two e l ements of the Phoeni x
wea pon system have unit cos ts , respectively, of about $2M and 1310K.

Offi ce Visited Date Personnel Contacted Budget _(Missile Only)
PMA 241 1/10/77 Mr. Terry Hannah ~77M FY77$70M FY78

Contractor Visited
Hughes Ai rcraft Co. 1/11/77 L.B. Wallace-AWG-9

Operati ons Mgr.
W.L. Al len-AWG-9
Prod. Programs

Howard Edwards-Phoenix Planning
Dick Clapp-Cost Analysis
Lee Eldrod-AWG-9 Systems Mgr.
Donald Matteis, Components & Process Eng.

Component Equipment Unit Cost Vendor Notes
Waveguides - Mid-Continent Eng. -

Computers - Control Data Corp. (10% of total
hardware cost of
AWG-9)

Semi -Conductors - Motorola -
Microwave Assemblies - Microwave Assoc.
NT 125K Hughes , Torrance Div. Major problem are~

Observations:
1) A chart is available showing all the PHOENIX parts suppliers .
2) In addition to the missile procurement budget shown above, funds

for spare parts are $2.2M In FY77 and $1.8M in FY78. Funds for advance
orocurement for the two years are 4Miyear.

3) Other costs as a percentage of missile hardcosts : Procurement
support - 36%; Fleet support - 31%; Modi fications and spares

4 Hughes is tooled for 8 AWG-9 systems per month , and 55 mIssiles/month .
5 Contract has option buy requirements and includes a cost escalation

relief for material , labor and extraordinary Infl ation .

*percentages in notes 5 and 6 derived from budget submission data for FY77.

1
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A42 P-3C AIRCRA FT

The P-3C (ORION ) patrol aircraft is a land-based , four engi ne ,
turboprop patrol aircraft whose prima ry mission is anti-submari ne war-
fare (ASW). The unit cost is approximately $16.9 million . The prime
contractor is Lockheed.

Offi ce Visited Date Personnel Contacted Budget
PMA 240 1/26/77 Cmdr. J. Kiel $241.9M FY7~$259.2M FY78

Component Equipment (GFE ) Unit Cost Vendor Notes
AQA-7 Acousti c Processor 5350K Magnavox 2 per A/C
APS—115 Radar 1175K Texas Inst.
AAS —36 IR Detecting Set 1300K Texas Inst.
AWC1-19 HARPOON FCS 1200K McDonnell-

Dougl as
ARS-3 Sonobuoy Reference 1135K Cubic
Sys t.

ALQ-78 ECM Set 1175K Loral
ARC-161 HF Radi o $ 90K Collins
ASQ-81 Magnetic Anomaly $ 60K Texas Inst.
Detector

ASA—70 Displays 1270K Data Graphics
ASN-84 Inertial Navi gation 1210K - Kearfott 2 per A/C
ASQ-114 Computer 1350K Univac

Observations
1) 12 new P- 3C ai rcraft are to be procured in FY77 and in FY78.
2) 50% to 60% of aircraft cost is estimated to be avionics ,
3) In addition to the procurement of new P-3C aircraft for FY77 and

FY78, there is an extensive modification program as shown below : -

I ~ Modification FY77 FY78
P-38 Navigation System Improvement Program $12.6M $2l.7M
P- 3B FUR POD Modification 7.5M 14.3M
FLTSATCOM Ai rborne Terminal 3.9M
TT/581/AG Teletypewriter Display 1.2M 1.9M
HARPO0~I Ai rborne Command & Launch System 9.6M 19.5M
Others 3.7M 1.4

Science Applications, Inc. 
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A43 E-2C AIRCRA FT

The E-2C Is a carrier-based airborne early warning/command and
control system. Unit flyaway cost is about $24.4M. The prime contractor is
Grumman.

Office Visited Date Personnel Contacted Budget
PMA 231 1/20/77 Mr. C.L. Freeman $157.3M in FY77

Mr. G.P. Stewart $194.3M in FY78

Component Equipment Unit Cost Vendor Notes
ASN-92 CAINS Litton
APS-120 Radar G.E. Prior systems
APS-125 Radar G.E. New installations
A LR—59 EW Set Litton Passive Detection
ARC-158 UHF Radio Collins
ARfl-34 HF Radio Collins
APA— 172 Control m di- Hazeltine

cator Group

Observations
1) PMA 231 places great emphasis on quality control and contracts

for authority to inspect production lines of equipment it buys and to stop
production if necessary to correct faulty procedures or workmanship.

2) LIfe cycle costs could be reduced by imposing rigid quality
— control and eliminating unrealistic specifications .
— 3) Modification programs for the E-26 amount to $14.9M In FY77 and

$29.3 in FY78 and initial spares will cost 110.411 in FY77 and 12.05 in FY78.

Science Applications, Inc.
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A44/A45 A-6E/EA-6B AIRCRA FT

The A-6E is a carri er-based , all weather attack aircraft. A-6A ai rcraft
are being converted to the A-6E configuration , which includes replaci ng the com-
puter , weapons release system, and radar and incorporating the Target Recog-
nition and Attack Multisensor (TRAM). The EA-6B is an advanced electronic
warfare aircraft which provides protection to Navy stri ke aircraft by jamming
enemy radar-controlled weapons. Unit cost of the EA-6B is about $19.3M. The
prime contractor for the A-6 is Grumman.

Office Visited Date Personnel Contacted
PMA 234A 1/25/77 Mr. F. J. Boos

Mr. J. Nemerow
Cdr. R. McDlvitt
(EA-6B)

Component Equipment Unit Cos t Vendor Notes
AAS-33A Detecting Hughes
& Ranging Set (TRAM)

ASQ-133/ASQ-155 CAINS -

APQ- 148/APQ-156 Radar Norden
ALQ— 126 EW Set - A-6E
ALQ-99 Tactical Jammer Cutler- EA-6B

Hammer
EW POD Equipments Raytheon EA-6B . Wide Range of cost,

94 WRA ’s
Digital Display EA-6B ACA

Observations:
1) AAS-33A components are FAC Receiver , laser receiver/transmitter/

rangefinder/designator’, and IR receiver plus others.
2) AAS-33A uses germanium windows , whi ch are high cos t and currently

not refurbishable.
3) Out of about $11M total A—6E aircraft costs, over $411 is for

avion ics.

p
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A46 (LAMPS) DATA INFORMATION TRANSFER SYSTEM (DIm)

The OIlS is the interface unit for the Light Ai rborne Multi-purpose
System (LAMPS) avi onics. Sensor signals and control signals come to the inte—
grated logic unit , which functions not only as a central switching unit but
also as the primary source of system tuning , protective interlocks and the
main area for al l audi o processing , amplification and distributi on. The
estimated unit cost of DITS for the pre—producti on units is about $261K; it is
expected that the production unit cost will be about 1187K. The DITS are
provided on a subcontract basis from TELEPHONICS , Hunti ngton , N.Y. , to the
LAMPS prime contractor - IBM , Owego, N.Y.

Office Visited Date Personnel Contacted Budget
PMA 266 1/27/77 Capt. J.K. Thomas -

NAIR 533 Cmdr. John Hood
Mr. E. Stobie

Component Equipment Unit Cost Vendor Notes
Integrated Control Panel - -
Integrated Logic Unit (ILU) - -
Integrated Comm . Unit - -
AYK-14 Computer (part of ILU) - CDC

Observations:
1) Copies of the contractor specifications for DITS and also for

the Navigation Interface Unit were obtained .
2) There will be 11 pre-productlon units of DITS, and the planned

production buy Is 200 units .
3) Two pre—production DITS units are now in Operational Test and

Evaluation (OT&E).

I
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M60 HARPOON (AGM-84A)

The HARPOON is an air/surface/sub-surface launched anti -ship cruise
missi le. It uses an acti ve radar seeker, radar al timeter , and altitude refer-
ence assembly in conjunction with a smal l digital computer for missil e guidance
and control. The unit cost is about 1279K. The prime contractor is McDonnell-
Douglas , St. Louis , Mo.

Office Visited Date Personnel Contacted Budget
PMA 258 1/20/77 Capt. P.L. Dudley $178. 3M FY77

Mr. B. Rerner $188. 1M FY78
Mr. A.H. Dai tch

Contractor Visited
Texas Instruments , 1/26/77 Mr. Mi chael Johns
Dallas , Tex. Mr. Gary Koster

— (Seeker Assembly
Manufacturer)

Component Equipment Unit Cost Vendor Notes
Seeker Assembly - Texas Inst.
Radar Al timeter - Honeywell
Mid—Course Guidance - IBM
Warhead - NWS , China Lake
J-402 Engine - Teledyne
Booster - Aerojet General
Data Processor - Westinghouse
Shipboard Integration - Sperry

Observati ons:
1) As part of a directed cost reduction program MCDAC has i dentified

second source suppliers for almost all purchased parts and components, and also ,
has defined specifi c cost reduction projects.

2) In additi on to the procurement budget shown above , funds for spare
parts are $7.7M and $8.5M in FY78.

3) Cost percentage breakdown of missile hardware: Guidance , control ,
and airframe (GC&A) - 46%; ot’-~r - 54%•*4) Other costs as a per~entage of missile hardware costs: procurement
support - 25%; fleet support - 19%; modi fications and spares - 11%.*

5) It uses a high degree of discrete components in manufacturing the
HARPOON seeker assembly. This is considered cost effective compared to use cf
higher levels of Integration with custom made chips .

6) Assembly of various seeker components is done manually wi th the aid
of visual devices which identify Insertion location. It has not proved
feasible thus far to duplicate the dexteri ty of the operator in component
insertion by a mach ine.

7) To increase yield and Improve testing results TI has developed Its
own trinvuing machine for lead wi res and is using Increasingly greater automa—
ted testing earlier in the manufacturing process.
*percentages In notes 3 and 4 derived from budget submission data for FY77.

Science Applications, Inc. —
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M62/M61 STANDARD MISSILE MR/ER (RIM-66/67)

The Standard medi um range (MR) and extended range (ER) mi ssile s use
semi—active homing guidance in destroying anti—aircraft , anti-ship, and anti-
missile targets. Both are available in an SM- i and SM-2 version .

The SM— 2 versi on of the’ Standard MR is scheduled for use on Aegis
destroyers. The SM— i will be used with smaller ships that lock the uplink/
downlink capability of the Aegis destroyers. The differences in the SM-2
vers ion over the SM-i for the Standard ER include longer range , mid-course
guidance capability , strapdown inertial reference system , and ECCM improve-
ments.

The prime contractor for the Standard missile in all configurations is
General Dynami cs, Pomona , Ca.

Office Visited Date Personnel Contacted Budget
NSEA 6541B 1/7/77 MR ~43.4 FY77$49.3 FY78

ER $45.8 FY77
$67.8 FY78

Contractor Visited Date Personnel Contacted
General Dynamics , 1/19/77 Dr. Marvin Abrams , Chief Adv . Mfg. Technology
Pomona Mr. Wm. M. Leonard , Chief Mfg. Development

Mr. G. D. Goldshine , Director of Mfg. Engineer-
ing

Observations:
1) In additi on to the missile procure~iient data shown above , $i.5Mand $.7M are budgeted in FY1977, respectively, for Standard MR and Standard ER

Initial spare parts . Corresponding totals for FY1978 are Si.7M and $3.6M.
2) Cost percentage breakdown of missile hardware : Guidance , Control ,

and Airframe (GC&A ) - 88%; other -
3) Other costs as a percentage of missile hardware costs: procure-

• ment support - 94%; fleet support - 25%; modifications and spares - 4%~*
4) Currently the SM-2 i s being procured in smal l quantiti es for

fleet evalua tion.
5) The external configurat ion from previous generation missiles Is

virtually unchanged but Increases In propulsion and warhead have substantially
reduced the weight and volume allowance for electronics which the required

• capability has Increased drastically. This has necessitated the introduction
of microclrcuitry . Current ver~1ons of the SM-2 are using hybri ds since
the space al l ocated for the warhead Is not needed in test vehicles . New
methods for producing microcircuits are bei ng developed.

*percentages in observatior.s 3 and 4 derived from FY77 budget submission data.
p
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M62/M61 STANDARD MISSILE MR/ER (RIM-66/67) - continued

6) A large-scale effort is underway to substitute plated plasti c
for metal microwave devices such as wave-gu i des, horns , antenna , etc.
This effort is directed to decreasing cost and weight.

7) General Dynami cs maintains an organized and active MT department.

H 
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M66 HARM(AGM-88)

The High-Speed Anti -Radiation Missile (HARM) s an air-to-surface
mi ss i le des igned to supp ress or destroy land and sea base d radars i nclude d
in enemy air defense systems. HARM is a design evolution of current ARM
weapons , SHRIKE and STANDARD ARM.

Office Visited Date Personnel Contacted Budget
PMA242 1/24/77 Mr. Paul Kaschak

Contractor V i s i ted
Texas Instruments , 1/25/77 Mr. Harold Wombel (Production Planning,

Dallas , Texas Design—To-Cost)
Mr. Bill Mi tchel (Missile Development)
Mr. Don McGu i de (Manufacturing)
Mr. Gary Kuster (Manufacturing Myr.)

Observa tions
1) Research and Development (R&D) funds are supporting the procurement

of missiles for oeprational evaluation and testing (OPEVAL).
2) It is actively pursuing a cost reduction program for HARM. Examples

of efforts include moving from discrete components to IC’ s , redesign of
circuitry for streaml ined assembly, and automation of testing.

3) It is developing test equipment that will permi t each MWPCB to
be tested individually rather than wi thin a complete assembly.

4) The packaging density requirements of missile electronics , and most
other mili tary elec troni cs , restrict the use of currently available automatic

F , insertion machines . These machines are more suited to developing comercial
• electronics.

5) Increases in manufacturing costs are sometimes accepted with the
view of lowering the overall cost of ownershIp to the Government. This has
been done in the HARM program by using components subjected to rigorous testing
(JAN TX) in the guidance head.

p
Science Applications, Inc.
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M67 TOMAHAWK-CRUISE MISSILE

The TOMAHAWK Cruise Missile Weapon System is designed as a long
range cruise missile (nuclear armed land attack and conventionally anti-ship
applications ) sized to fit torpedo tubes and capable of being deployed from a
variety of air , surface ship, submari ne, and lan d platforms. The gui dance
system of the land attack version utilizes a terrain matching system , whereas
the anti-ship version uses a modified HARPOON missile guidance system. The
prime contractor for TOMAHAWK is General Dynamics Corpo ration .

Offi ce Visite d Date Personnel Contacted Program Procurement Cost
NOP-92C 3/1/77 B. Protz 1,152.OM

Components % Estimates of Missile Hardware Cost
Gui dance , Control & Ai rframe 64.9
Propulsion 17.1
Booster 9.0
Warhead 1.1
Integration & Assembly 2.5
Engineering chan ges 5.4

Observations
A production decision has not yet been made for TOMAHAWK.

p

p
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080 MK-48 TORPEDO

The MK-48 is a new , wire-guided torpedo for use in both the ASW
and anti-ship role. Its unit cost in FY77 is $472K. The prime contractor
is Ciould.

Offi ce Visited Date Personnel Contacted Budget
NSEA 662D1 1/6/77 Mr. R.L. Piere $139.3M FY77WPN

Mr. C. Peterson $164.4M FY78WPN

Component Equipment Unit Cost Vendor Notes
Command Control Unit - - Average cost of
Guidance Control Unit - - component modules
Gyro control - - is about $30K
Power supply - -
Rece i ver - -
Trans ducer - -

Observati ons
1) Homing control logic ci rcuit boards are made by IBM , Owego, by

labor Intensive methods, and at same plant similar boards for comercial
use are being made by advanced techniques.

2) Production rate and process control tolerances are the main de-
terminants of the manufacturing processes used for any particular component.

Science Applications, Inc.
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081 PHALAN X CLOSE-IN WEAPON SYSTEM (CIWS)

The Phalanx is a self-contained gun system for use in short range
defense against aircraft and missiles wh i ch penet rate the area defenses.
It provides autonomous search , detection , classification , acquisition , track ,
fire and target destruction in a unitized modular structure for fast, low—cost
installation on a variety of ships . A high speed digital computer system
provides for fully automatic operation but with operator override.

Office Visited Date Personnel Contacted
PM 20 1/13/77 Frank WiIczch

Contractor Visited
General Dynami cs, 1/19/77 Mr. Bernie Chambers , Prg . Mgr.
Pomona, Ca. Mr. Bill Leonard, Ch i ef, Mfg. Dev.

Mr. G. D. Goldshine , Di rector, Mfg. Eng.
Mr. Bob Hartley , Navy Plant Rep.

Observations:
1) The Phalanx has been under development for eight years, has

undergone initial operational test and evaluation aboard ship. Currently
it is In pre-production status. DSARC III is scheduled for 1st Quarter,
FY78.

2) A bu ild-up to a production rate of 7/month over 5 years is planned .
3) The projected US Navy buy is for 359. There will also be a NATO.

market and other Services may requi re variants .
4) The system is controlled by a local control panel but

provision is made for a remote display and for a remote control panel .
5) Cost breakdown and MT recommendations have been provided.

Science Applications, Inc.
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INTEGRATED CIRCUITS

Integrated Circuits play a major role in the functioning of all milit ary
electronic equipments. They are also a major cost i tem. A major cost item in
microelectronics is the packaging of integrated circuit chips . The ratio of
cost of packaging to the cost of the chip varies inversely with the chip den-
sity . Cost to package,a low density chip may be four to five times the cost
of the chip itself.

Revolutionary cost reductions for commercial electronics have taken
place during the past five years through extensive use of large-scale inte-
grated circuits (LSI) with thousands of active elements on each chip. The
cost reductions in comercial electronics compared to those of milit ary
applications are largely attributable to the long—continued large volume pro-
duction for the former as contrasted with the short run , limited quantity
production characteristic of most military electronics procurement.

The economi c incenti ves for more extensive use of LSI In military
electronics are very strong. At least an order of magnitude reduction in
power consumption , volume occupied , number of connectors, number of packages
and fai l ure rate can be expected whenever LSI can be substituted for the
presently-used combinations of individua l components, medium—scale integrated
ci rcuits and hybrids .

The following facts emerged concerning LSI chips and their utilization :
a) The high speed requirements of military equipment had led to the

extensi-;e use of MSI chips and SSI components mounted on circuit boards,
sometimes grouped in hybrid structures .

b) Technology advances , reliability Improvements and cost reductions
achieved by LSI have appeared relatively recently, after many of today ’s
prime DoD systems had already been designed. It is Incumbent upon DoD
resource managers to investigate means for adapting the military procurement
process to secure the advantages In economy and reliability afforded by
present day LSI commercial mass-produced devices .

c) LSI chips wi th clock speeds In excess of 10 MHZ wi th several
hundred gates per chip have been recently developed by Raytheon for a variety

- 
- of hi gh speed digital data processing applications. Texas Instruments be-

lIeves that similar performance wi th several thousand gates per chip can be
achieved using I’L technology although these are not yet available with clock
speeds above 10 MHZ .

d) Manufacturers of (lOS LSI chips are convinced that effective
clock speeds in excess of 10 MHZ can readily be achieved , and that the high
density achievable with that technology makes parallel processing and/or
redundancy an attractive option . They foresee in the immediate future MOS
memories wi th 45 manosecond access time and (lOS microprocessors wi th clock
speeds above 8 MHZ and wi th greater ease of manufacture than 12L bipolars .
They also foresee widespread use of ion implantation for precise geometrical
control of impurity distri bution in MOS devices .

e) Custom LSI chips have traditionally been less reliable and/er
more expensive than mass-produced LSI chips .

p
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Integrated Circuits , continued
f) One ma nufacturer was observed to use automated test equipment to

evaluate each chip on a large silicon wa fer prior to separation into iden-
tical chips , and also to use such equipment to test finished encapsulated
devices .

g) The trend toward further miniaturization of circuit elements
leading to higher densities on chips of the same area , and also a trend
toward use of chips of larger area are both proceeding rapidly at present.
Miniaturization confers the added advantage of higher speed without added
power density. Electron beam and x-ray lithography for production of masks ,
and electron imaging of masks for device production lithography, are under-
going rapid development. These technologies permit higher densities than
can be achieved wi th optical lithography . The results of all of these trends
is the prospect of an enormous further increase of information processing
capability per chip.

h) Bipolar gates tend to be faster than (lOS gates because of the
large ratio of transconductance to capacitance of bipolar transistors . One
of the best technologies , LS TTL (Lowpower Shottky Transistor Transistor Logic)
bipolar , is extensively used in present Navy systems , but in SSI,MSI or
hybri d packages. The Navy should encou rage application of the new techn iq ues
of miniaturization to LS TTL bipolar technology so that LSI packages of this
technology can be available. Miniaturization is confidently predicted to
increase speed even further whi le reducing power drain per gate in such a
way that power dissipation per unit area remains constant , or under practi cal
conditi ons may actuall y decrease.

i ) The new 12L technology appears to be a promising candidate for
military electronic systems. Those who manufacture it advocate it strongly
and confidently expect I2L LSI chips soon to achieve clock speeds of 10 MHZ
or more. Other manu facturers di ffer, claiming that production of such
I2LLSI chips of high speed has not yet been demonstrated and is much more
di fficult than (lOS production .

j )  There appears to be no confl i ct between the Standard Electronic
Module (SEM) concept and the extensive use of LSI in Naval Electronic
Systems. The modules become fewer in number and have fewer packages on each
board, and require fewer interconnections. For maximum benefit, some new
standard modules should be designed utilizing LSI, rather than attempting
to subsume existing module internal functions in LSI keeping the module
external functions unchanged , since otherwise the number of modules cannot
be reduced.

The circuit architecture of LSI chips is a highly specialized and
demanding art of which competent practitioners are in short supply.

Two manufacturers (INTEL and TI) offered to lend skilled designers
to a Navy Working Group , if one were convened, to assist in appraisal of
optimum application of the LSI art to any specific Navy electronic systems.

Science Applications, Inc.
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Integrated Ci rcuits , continued

Visits Date Personnel Contacted
National Bureau of 1/21/77 Mr. Martin H. Buehler , Electronic Technology
Standards , Division
Gaithersburg , Mr. George Harman , Electronics Technology
Md. Division

Mr. Robert Hocken , Dept. of Au tomation
(several other NBS staff members from the
above Department)

Texas Instruments Mr. Dean Toombs, Texas Instruments,
• Ft. Worth , Texas (contacted at ECOM

meeting, Cherry Hill , N.J.)

INTEL Corporation Mr. Gordon Moore, President
Santa Clara , Ca.

0~
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TRAVELING WAVE TUBES

(1) Now and for the foreseeable future the TWT tube fills a unique military
system need for broad band, high power microwave amplifi cation . Despi te the
fact that the TWT i s an old des ign (ca 1946), its manufacture is not mature .
The reasons for this situation lie in the following :

a) TWI’s have only a military market
b) TWT ’s are redesigned for each new application
c) No single military appli ca tion uses a l arge number of NT tubes
d) The volume of NT sales is at the low end of the interest range

of the electronics industry ; consequently, only a few firms main-
tain capabilities and these have no motivation to upgrade .

(2) Opportuni ties for Navy MT funding include
a) Large vol ume (projected ) NT uses such as the mini-NT and the

disposable TWT
b ) Producti on testing assoc iated w ith automated assemb ly
c) Design for manufacture of i ntegrated NT’s (power supply + tube

envelo pes) and Imp roved packag ing

(3) NT manufacturers indi cate the following, among others , as p roblems in
tube manufacture:

a) Interface diffi culties between the tube and power supply/modulator
b ) Overspec ifi cati on of tube requi rements
c) Inadequate funding for R&D
d) Materials lnaaequacy

(4) Manufacturing yields of TWT ’s are low due to the delicacy of the art,
the low volume , and the lack of in-process testing.

(5) Manufacturing of NT’s is labor Intensive. 0ff-the-shelf manufacturing
equipment is not yet available.

Meetings
Tn -Service Manufacturing Technology Meeting, Naval Electronics Laboratory
Center , San Diego, Californi a, January 27 , 28, 1977 - See SAl MT 2007 for
formal tri p report and list of attendees.

Manufacturing Technology Advisory Group - Traveling Wave Tube ((TAG) Workshop ,
Dayton, Ohio 15-17 March 1977. Chaired by Dr. Larry Yarrington , Air Force
Materials Laboratory, Manufacturing Technology Division , Wright-Patterson
Air Force Base. Meeting attended by representatives from all three Services
and from industry .

‘p 
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ROBOTICS

Robotics is the science of intelligent machine control of a tool or
manipulator. Present day commercial industrial robotics are relatively
unsophisticated in operation and not capable of easily programmable functions.
Work at the Nati ona l Bureau of Standards i s being conducted on hi erarchi cal
control of industrial robots. This type of control permits a degree of
responsiveness on the part of an automati c mach ine to its env ironment. Thi s
di ffers from the conventional mode of robot control wherein the robot
functions as programed , regardless of the consequences to itsel f or to
the materials being handled .

Robots have proved cost effective in applications where they replace
expensive operators but do not require a great amount of dexteri ty. Spot
welding is an example of a typical robot appl i cation ; assembly of small
electronic equipment is not.

Visits Date Personnel Contacted
National Bureau of Standards 1/26/77 Dr. J. Evans
Gaithersburg , Md. Dr. Frank Oettinger

Dr. J. Albus -

Dr. B. Smith

Enclosure : Letter to William E. Bradley , dated March 15, 1977

p

p
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. UNITED STATES DEPARTMENT OF COMMERCE
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~ 
Nat ional Bureau of Standards

-

~ •
A ;:asr’ ‘~~ oi , 20 .  20224

- 
•
~~Tfl O~

March 15 , 1977

Mr. Wi ll i am E. Bradley
Willow Hill Farm
P.O. Box 257, Route 2
New Hope Pennsyl vania 18938

Dear Bi ll :

In our recent di scussions concerning NBS capabi l iti es in the areas
of automation and technology for the manufacture of electronics,
several items became cl ear.

First, there are three kinds of standards that are relevant to the
production and use of electronics In DoD systems: standards on
individua l devices, standards on interfaces between weapons system
components, and standards on i nterfaces between components of computer
aided design and computer aided manufacturing systems used in the
design and manufacture of electronic devices and systems.

The National Bureau of Standards represents a Nationa l resource
- - s ith an on going program to develop standards, test methods, and
performance specifi cations in those areas in excess of $4 mil l ion.

For example, NBS already provides test methods and standards for
electronic devices under support from DARPA and all three services .
Further , NBS will provide standards support for the new Air Force
$75 million Integrated Computer Aided Manufacturing program. This
capability can be used as a base for developing specific standards
needed by the Navy.

In planning for a comprehensive 5 year program in electronics manu-
facturing technology, the Navy should evaluate the cost savings
from standardization in both product and process technology and
where standards, test methods, or performance measures are needed ,
should 4raw on the National Bureau of Standards for support.

A formal working arrangement between the Navy and NBS would allow
the least cost development of the required standards for Navy use.
In addition , the Navy should benefit from the coordination of the

• contacts that NBS maintains wi th all standards activities in both
Government and the private sector.

G-42a
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Mr. Will iam E. Bradley Page Two

We would be glad to review and coment on proposed plans and to
provide any further information on NBS programs .

p.

Sincerely,

C— 
‘ 

~~~ YY1 fLa-~i~ , ~~
John M. Evans , Jr.
Acting Manager

- Office of Devel opmental Au tomation
and Control Technology , ICST

V
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HIGH POWER LASER APPLICAT IONS IN MANUFACTURING OF ELECTRON ICS

The high powered laser is playing an increasingly more important
role in the fabr- cation of electronics materials , components and subsystems .
Thi s parallels the earli er ri se i n the use of low power lase rs i n a wi de
variety of inspection and tes t situations .

There does not appear to be substantial psycological or economi c
resistance to the utilization of automated manufacturing technologies em-
ploying laser energy to perfo rm material modifi cation (cutting, triming,
scribing, welding, heat treating, bonding and piercing). Whereas individual
instances can be found where apparently irrational judgements removed
laser utilizing systems from contenti on , the oppos ite is more often the
case. Frequently, the laser ’s mystique togather with its potential for
versatility and noncontact processing bring it into contention even when
contradictory requirements weigh strongly against a laser sys tem. In spi~e
of the agonizing dearth of practical laser applications in the early years ,
it is possible that the very dramatic applications , successes in recent
years have in fact con tributed to an oversell.

The case histories of laser applications experiences in electronics
and related manufacturing industries fall into the followi ng categories:

(a) Has proven itself superior to other technologies and is now
vigorously employed as the standard for the Industry . Examples
are resistor trimming, tuning of monolithic fi lters , piercing of
wi re—drawing dies , welding of electrical contacts , and balancing
gyroscopes.

(b) A variation of the above concerns initi all y successful laser
processing applications that quickly saturate the market and fi nd
only limi ted utIlization . The laser scri bing of ceramic substrates
i s an important example of this phenomenon.

(c) Cases where initial tests or production demonstrations are unim-
pressive or problematical and imp lementation is limi ted, spotty, or non-
existent. Examples are the scribing of semi con ductors and the cutting
of composites.
(d) Applications that appear to be In the offing in response to
successful tests or demonstrations. Hermetical ly sealing battery
welds and tagging mu spec qualifi ed components are examples.

In the context of this review, there Is very little to be said of
(a) except that it exempl i fies desi rabl e responsive situations that are
revealing principally in contrast to the less-successful cases. Similarly,
(b) Is of largely academic Interest here In that the technology was

• successfully implemented, except that the field did not grow to expectations
or a still more adv~-”~ed manufacturing technology supplanted it. In the
case of ceramic substrates manufacturing procedures were refined in dimen-
sional control so that scribing was less often required. Hybrid circuit
technology has not yet reached a volume requiring a substantial number of

— scribers.

Science Applications, Inc.
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V
Cases (c) and (d) are able to provide a revealing focus concerning

both pitfalls and opportunities . Upon inspecting several manufacturing
systems employing l~sers and instances where processing was either proposed
or attempted , it is evident that the same generalizations can be advanced.

A survey of the manufacturers of laser processing equipment (CRL,
Korad , Apollo , Quan tronix , ESI , and some individuals formerly involved with
similar companies) , was made . The issu~~of system reliability and laser/
material interaction are intertwi ned not only with technical dnd economic
factors , but with politica l questions as well.

- 

~~~~ Laser processing systems in fact are often four to five times more
costly thar the systems they replace . However, when one customer switches
to laser processing (silicon scribing for example) and obtains a better
yield , greater versatility , freedom from tool wear , and less waste, other
prc ducers inevitably begin selecting laser equipment as well. The economi c
facts of life come into play at this point and the customer seeks to minimize
his capital investment and new laser equipment producers spring into being
to satisfy this desire for economical equipment (and exploit a new market
at the same time). One result of this scenar io is that people start bolting
together the most economical lasers , positioners , optics , and computers
without designing a well integrated system. Frequently, the user is dis-
appointed then with reliability or performance or versatility . Events of
this sort are inevitable in a free-enterprise society and may rectify them—
selves periodi cally with time. Some companies will perish , some will
survi ve , and others w ill thri ve. In the case of silicon scribing 2 fi rms
were never atl~ to penetrate the market despite repeated attempts. Two
other firms shared it for awhile and now one is emerging as the principa l
supplier. At the same time the entry of the laser systems stimulated de-
velopments in conventi onal technolog ies and new di amond saws are maki ng
a strong c3meback. It is not obvious whether Navy MT policies can assist
wi th this type of evolutionary process in industry directly.

The other hi nderance to the implementation o easer process ~ngsystems is concerned with laser effects. It was menti oned often in the
survey that a national laboratory for applications research , laser effects
studies or simply data collection and dissemination woul d be helpful to

• the electronic Industry in selecting optimum processes. At present NASA
appears to be a signifi cant national resource in this regard. IBM and
Western Electri c generated substantial amounts of laser effects data
internally for their own purposes. Unfortunately, there are two sides to
the coin. There is no incenti ve or logical reason why IBM or Western
Electric shoul d give away data or processes that were developed in-house.

One useful and effecti ve measure that could be taken would be to
establish an Information Analysis Center for laser effects data that is
generated through government contracts or oublished in the scientific
literature. An example Is the Nondestructive Testing Information Analysis
Center operated for t:~e U.S. Department of Defense by the Southwest Re-search Institute In San Antonio , Texas. When Navy procurements involve
nove l or advanced processing technologies It would be desirable to urge or
require that the pertinent process data be submitted to such an In formati on
Center.

Science Applications, Inc. —
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SUI’T.IARY

NAVY PROJECT OFFICE INTERVIEW S ON
GENERAL SUBJECTS

1) The size of military electronic procurements and the uncertainti es associated
with procurement fundi ng account for the following characteristics :

a) The state of military technology generally follows rather than l eads
that of commercial electronics .

b ) Automation in manufacturing for Navy el ectroni cs procureme nt is
inhibited.

c) LSI utilization is often not cost effective.

• d) The procurement environment makes it risky for firms to attempt to
modernize their processes (for example , by CAD/CAM) . The ASPR has
recently been changed to allow up to 1 percent more return for funds
invested in capital equipment. Possible means for reducing risk rather
than increasing the return on capita l Include multi—year funding and
inclus ion of capital Indemnifi cation clauses in case of contrac t
termination .

2) Standardization and speci fication requirements have to be examined closely
for cost-effectiveness. Each carries the possibility of cost savings but
can also lead to otherwise avoidable costs. Attenti on has to be focussed
on the following tradeoffs :

a) Introducing standard hardware and modules to allow technological
advances without unduly sacri ficing In terface capability , logisti cal
advantages , etc.

b) Implementing the standardization program in a way that the cost savings
from standardization are not more than offset by restricting system
design .

c) Striking a balance between the amount of documentation required for
sophisticated long support items and the documentation requirements
and costs.

Science Applicatkwis, Inc.
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3) Cost analysis is conducted on an ad hoc basis by most of the offices i nter-
viewed in this study. The excepti on is NAVSEA 06H. EG&G does cost analysis
for this office and has an extensive data bank of proprietary data. Ex-
amples of other costing activiti es include :

a)NAV ELEX 6048 - cost analysis support to project managers , with prima ry
emphasis on analyzing speci fic contracts.

b) NAVELEX 5101 - analysis of acquisiti ons and val ue engineering proposals.

4) The program office interviews resulted in a list of management-oriented
problems . These are neither unique to the Navy nor to electronics. Some,
however, suggest certain obstacles that must be overcome if the objective
of reduced electronics acqui siti on costs is to be achi eved :

a) The solu ti ons to specifi c procurement probl ems too often become
institutionalized.

b) Government management offices tend to create counterpart operations
in industry and contribute to program overhead.

c) The number of separate offices which are associated wi th a major program
is sometimes too great for effective control .

d) The non-hardware cost of procurement programs has grown to the point
where it can account for from 50 - 80 percent of total cost.

e) The software costs associated with modern systems are high and are
frequently grossly underestimated by engineers and project managers.

f) Introduction of competiti on into procurement programs often does not
result in savings to the Government.

Office Vis ited Date Personnel Contacted
NAVtLEX 310 1/6/77 Mr. Irwin L. Smietan
NAVSEA 06H2 1/11/77 Mr. E. A. Landers
NAVELEX 5101 1/11/77 Mr. Otis Robinson

Mr. Norman Horowitz
EG&G Hydrospace-Challenger, 1/12/77 Mr. Perry L. Shuman

Inc. (contractor for
NAVSEA 06H2)

NAVSEA 06H3B 1/14/77 Mr. Robert Morss
Mr. S. Hienger

Science Applications, Inc.
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p
INTRODUCTION

This appendix lists documents reviewed and found useful duri ng this
study. The list is limi ted to reports most readily available in published
form. Documentation received during the course of the i ndustrial interv iews
and var ious financ ial publ i ca tions used as so urces for system cos t data
are excl uded. Included are the following:

• Military directives and instructions

• MT conference proceedings and reports

• Cost analysis studies

• Productivi ty analyses

• Miscellaneous publications pertinent to electronics .

r
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• MANUFACTURING TECHNOLOGY STUDY —

I. MILITARY DIRECTIVES AND INSTRUCTIONS

1. William P. Clements , Jr. , Deputy Secretary of Defense, Memorandum for
the Secretaries of the Military Departments , subject: “Cost Reduction
Incentives,” Apri l 11, 1975. (Promulgated DoD polici es on the Manufac-
turi ng Technology (MI ) Program and related efforts designed to reduce
military equipment acquisition costs.)

2. Headquarters , Nava l Material Command, “Navy Manufacturing Technol ogy
Program - Objectives and Guidance ,” December 13, 1976.

3. Department of Defense, “Manufacturi ng Technology Program ,” DODI 4200.15,
July 14, 1972.

4. Headquarters, Nava l Material Command , “Manufacturi ng TechnolOgy Program,”
NAVMATINST 4800.36C, Apri l 26, 1976.

5. Department of Defense, “Economi c Ana lysi s and Program Eva l uation for
Resource Management ,” October 18, 1972.

6. “Work Breakdown Structures for Defense
Material Items,” MIL-STD-881A , Apri l 25, 1975.

7. “Budget Guidance Manual ,” DoD 7110.1M ,
July 1, 1971.

8. Commerce Clearing House, Inc. “Armed Servi ces Procurement Regulation
Manual for Contract Pri cing, : ASPM No. 1, September 15, 1975.

9. Department of Defense, “Work Measurement,” MIL-STD—1567 (USAF), 30
June 1975.

10. Department of Army, “Army Industrial Preparedness Program , “AR 700- 90,
August 4 , 1975.

ii. Nava l Sea Systems Command , “Un dersea Warfare Systems Group Work
Breakdown Structure for Shipboard Electronic Systems,” NAVSEA 0967-LP-
490-1080, June 30, 1975.

- -
~
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II. MT CONFERENCE PROCEEDIN GS AND REPORT S

1. U.S. Army Electronics Command , “Elec tron i c Systems Manufacturing
Technology Conference : Guidance for Panel Chairmen and Working Groups.”
(Prepared for the Electronics Systems Manufacturing Technology Confer-
ence, February 28-March 4, 1977, Cherry Hill , New Jersey .)

2. “Elec troni c Systems Manufacturi ng Technolo gy
Conference : Panel Proposals , Cherry Hill , New Jersey, February 28-
March 4 , 1977. (Panels organized into microe lectroni cs , optics/electro—
optics , assembly, acti ve components , pass i ve components , materials ,
and testing. Supplemental proposals also published. )

3. U.S. Army Materiel Command , “Miss i le Manufa ctur ing Tec hnology
Conference : Pane l Presentati ons ,” Hilton Head Islan d, South Carol ina ,
September 22-26, 1975. (Panels organ i zed into guidance , control ,
propuls ions , structures , launchers , containers and test equipment.)

4. “U.S. Army Miss i le Manufacturing Tec hnology
Conference ,” Hilton Head Island , South Carolina , September 22-26 , 1975,
Special Report RL-7T-1, 2 vol umes.

5. Manufacturing Technology Advisory Group , “Tn -Service Hybrid Circuit
Coordinating Meeting ,” Huntsville, Alabama, January 11-12, 1977.

6. Ameri can Defense Preparedness Assoc iation , “DoD/Industry Metal Chip
Removal Conference: Panel Proposals, ” Daytona Beach , Flori da ,
February 8—10, 1977. (Panels organized Into cutting tools , materials ,
management strategy, cutting fluids , machine tools , net shape and other
processes. Supplemental proposals also published.)

7. “DoD/Industry Metal Chip Removal Conference:
Manual for Panel Cha i rman and Work i ng Groups ,” Daytona Beach , Flor ida ,
February 8-10, 1977.

8. Manufacturing Technology Advisory Group, “Eighth- Annual Tn -Service
Manufacturing Technology Coordination Conference,” Arlington , Texas ,
November 8-12, 1976.

9. “Seventh Annual Tn -Service Manufacturing
Technology Coordination Conference,” Phi ladelph ia, Pennsylvan ia ,
October 20-23, 1975.

10. U.S. Army Tank-Automotive Research and Development Command , “Manufactur-
Ing Technology Gui dance for Tracked Combat Vehicles ,” July 28, 1976.
(Prepared for the Tracked Combat Vehicle Manufacturing Technology
Conference , October 5-8, 1976.)

Science Applications, Inc.
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f
11. “Tracked Combat Vehicle Manufacturing Tech-

nology Conference : Panel Proposals ,” Dearborn , Michigan , October 5-8,
p 1976. (Two panels were organized , one for hull and turret and one

for transmi ss i on.)

12. U.S. Army Materiel Development and Readiness Command, “Manufacturing
Methods & Technology Five-Year Plan , FY78-82 ,” July 1976.

13. “Manufacturing Methods & Technology Program
for Fiscal Year 1978 Budget ,” November 1976.

14. “Manufacturing Methods & Technology:
Program Accomplishments, ” November 1976.

15. Gen. John R. Deane, Jr. , “Overview of U.S. Army Manlech Program:
Manufacturing Technology Important to Materiel Acquisition ,” in
US Army Manlech Journal, Vol . 1, No. 1, Fall 1976.

16. LTG George Saninet, Jr., “Overview of U.S. Army ManTech Program :
Manufacturi ng Technology Management Rece i vers a New Look ,” in
US Army Manlech Journal, Vol. 1, No. 1, Fall 1976.

17. Cec i l Brown iow , “DoD Pushes Manufacturing Technology ,” in Aviation
Week & Space Technology, September 6, 1976.

18. Edgar Ulsamer, “USAF ’s Crusade to Streaml ine Industrial Production ,”
in Air Force Magazine, October 1976.

19. U.S. Army Mater iel Develo pment and Read iness Conuuand , “Muniti ons
Manufacturi ng Technolo gy Interface Conference ,” October 20, 1976,
Alexandr i a, Vi rginia.

20. American Institute of Industrial Engineers , “Abri dged Proceedings for
the 1976 ManufacturIng Management Conference ,” October 18-19, 1976,
Was hi ngton, D.C. and December 1-2, 1976, Newport Beach , Cal i fornia.

21. U.S. Naval Mater ial Command, “Manufacturing Technology Program ,
FY1977-1981,” July 1, 1976.

22. “Manufacturing Technology Program,
Proposed FY78,” August 1976. FOR OFFICIAL USE ONLY .

23. U.S. Air Force Materials Laboratory, Manufacturing Technology Division ,
Wright-Patterson AFB , Ohio, “Roadmaps ,” March 31, 1976. (Includes
MT roadmaps In electri cal/avion ics.) FOR OFFICIAL USE ONLY .

24. The Coi~ troller General of the Lk~lted States , “Manufacturing Technology -
A Changi ng Challenge to Improved Productivi ty,” Report to the
Congress, LCD— 75—436, June 3, 1976.
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26. William E. Bradley and I. Mi chael Knasel , “T he Travel i ng Wave Tube:
Trip Report on the Tn -Service Manufacturing Technology Meeting,
Naval Electronics Laboratory Center , January 27-28, 1977, “SAl MT 2007 ,
Science Applications , Inc. , February 1977.

¶ 1
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III. COST ANALYSIS STUD IES

1. Morr i s Zusmann , Se lmer Gus taves , et al., “Electron i cs-X: A Study of
Military Electronics with Particular Reference to Cost and Reliability ,”
R—195 , Institute for Defense Analyses , 2 Vol umes , January 1974.

2. Morr i s Zusman , Selme r Gustaves , et al., “A Quantitative Examination
• of Cost-Quantity Relationships , Competition Duri ng Reprocurement , and

Military Versus Commercial Pri ces for Three Types of Vehicl es ,”
S-429 , Institute for Defense Analyses , 2 Volumes , March 1974.

3. ARINC Research Corporation , “Electronic ~X U Project : The User-Tech-
nologist—Industrial Approach to Electronic Equipment Speci fications
and Procurement, final report prepared for Institute for Defense
Analyses , July 1973.

4. Air Force Systems Comand, “Summary Report on the Air Force/ Industry
Electronics Manufacturing Cost Reduction Study , March 24—29, 1974,”
AFML-TM-LT-75-2, December 1, 1974.

5. John A. Wyatt, “Standard Electronic Modules: Their Impact on Life-
Cycle Cost,” PMC-74-2, Defense Systems Management School , 1974.

6. Alfred 0. Stament and Carl R. Wilbourn , “Cost Estimating Relationships :
A Manual for the Army Materiel Comand , RAC-TP-449, Researc h Ana lys is
Corporation , May 1972.

7. B.C. Frederick et al., “Cos t Estimating Methods for Ground Combat
Surve i llance Radars ,” CR-0063-1, Genera l Research Cor poration ,
April 1968.
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