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SU M M A R Y

A. I N T R O D U C T I O N

This s tudy  examines  the deve lopment  of’ s ubsys tems by the
U . S .  m i l i t a r y  s e r v i c e s .  Howe ver , it examir ’ es on l y  t w c  l im i t e d
a s p e c t s  of such  deve lopmen t s , n a m e l y ,  whe n t hey  shou ld  he i n f —
t i ated sr i  w h e t h e r  or not t hey  shou ld  be un d er  t h e  d i rec t ion of
the  s y s t e m  pro rI ra in  manager .  The s t u d y  f o cu s e s  en the  develop-
ment  of operat  in - ’  ha rdware  ( f u l l — s c a l e  de ve l c -p l - Te r r t  ) rat  b r  t h a i .

on additions to the technology base . In f r r t i  c u l ar , i t  en~I ha—
si zes the deve lopment  of long l ea dt i m e  su b s y s t e m s  and items

t h a t  can be used in mor e  t han  one s y s t e m  arid t h e r ef i r e , s igh t

h e  s t a n d a r d i z e d .

We e m p h a si z e  tha t  t h e  study deals with no 1: 5 0  t h a n  t h e

abov e i s s u e s .  It does not exam ’h,e th~ b a s i c  process of sub— H

sys te r : .  d e v e l c p m o n t ~ in c lu d i n g  issues of engineering , dr-n on or

test . The p r ob le in e tha t  occur red  in som e of the  d e v e i c r r n e n t s
d i s c u s s e d  in t h is  s tudy  would not se a f f e c t e d  by the  p o l i c i e s
Ci sc u s s e d .  As s t a t ed  above , the  on ly  i s s u e s  a d d r e s s e d  are the

t i m i n g  of the  i n it i a t i o n  of s u b sy s t e m  dev e lo m e n t  end the loca-
t ion of r e s p o n s i b i l i t y  and c o n t r o l  for  t h a t  d e v e lop m e n t .

The primary results of t h is  study are a set of gu idel in e s .
They are intended to be of general assistance , b u t  not to  he -
adhered to rigidly in making decisions about initiating early

deve lopmen t , independen t  d e v e l o pm e n t , and s t an d a rd i z a t i o n  of
subsystems . The primary data base consists of a u nited r. mb er

of case st u d ie s  of v ary i n g  c ua l i t y  and comple teness . The gen-
e r al i z a t i o n s  we have a t t emp ted  to draw from the data (case

s t u d i e s)  are somet im es  con t r ad i c t ed  by o ther , eq ua lly  c r e d i b l e
d a t a .  Consequen t ly , the apparent  lessons  must  be v iewed w i t h

c a u t i o n .  U n c e r t a i n t i e s  about  f u t u r e  s y s t e m s  reduce  the a p p l i—
c a b i l i t y  of s t a n d a r d  market  a n a l y s i s  to ques t ica s of s t a n d a r d —
iz a t i on .  The case h i s to r ies  and the l imi ted  ana lyt i ca l  r e f e r —

4 ences t ha t  can h e drawn from them do not suppor t  s we e p in g  gen era l
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c o n c l u s io n s .  There I’or~~, o d er - i  ye  NI’ g e n e r a l  gui c re l ines , it

i-: a s i’i O C C 5 5 ’ O ’ ~~ ‘ 0 sup~ 11!I -’flt t h e  case ~~ 4 ~I)y o : t a  base wi th the
use of j u d g m e n t , b ased or~ th e  ob s~~r v a t  t on :  of r~ v a r - l o s s  au-
tho rs - A l t h  ut ’_ b  t i c  d a t a  ast  u sn aI l , t N -  g u i d e l i n e s  h ave
ne v e r t l e l e s s  appear e ’ .i us~~f ui  r. a r~ ~r : . i ~~ :’ of ‘.e er  car  es tha t
wer e conceç t u a l  zeC to  exp lore  t h e i r  cot s t : ’~ t - n c y  s r i  S e  cu r —
s i d er  t h e m  as carHiiuten for  f u r - i  hor  . - r.si’~cr- stY r~ and rev iew
L ,y O IT D R &E.

B.  D E V E L O P M E N T  P R O B L E M S  A N D  T H E I R  C O S T S

The deve l o~ :n~ n t  of c r . p l e x  m il i~~ary  s~z s e n s  Is  t~ - ~t

m any  p r o h I r - i n s , a l i i : Y cc set of w h i c h  are ~ • a l t  n H ’  B i t  ~h i s
s4 udy . The t i o L I c - n i s  a tdrcssei are all civered N 1; FC 5-.F ir~s~ r ’o c—
t Y n s . D e v e l or n i e n t  s lI p  ups seem to oc - r t h i -  sob ex’ce~~s

on t i m l s : s , ex c e s s iv e  r i s k — t a k i n g , ins  1 maY en o i r o ~e ring , or pooi-
neu ron narurgen o t t  or tI.e inch ilit1; of - 

~ e DS~~FU N e y l  eW Comm it-
t ee  to  a d e c t u a t e l v  ch c l l - i - n e t he  in S t  :ma~ 1 0:. Id 11 h o f e r e  i t  -

In the i e v e l o r n . e r : t  P r : a j  or a c ap o n  s vs ’  e n s , ~he f s l lc r c ~ i .g
r o b Y n s  , s-h i  cN are  c o st l y  i n  I c-ems of do l la rs , N ave  o c c u r r e d :

1. lo or  f i el d  r e l i a b i l I t y  c-f sy : tr - rns , caused by
ex c e s s i v e  cor ~corre nc:; b- -• twee r  t h e  dr v e i cp m e n t
of  the  s y s t e m  and t h e  d e v e l c~~s:eot of its mu~~nr-
s a t

1. Sohed~~le sl i r a g e  of ma .~cr ’ b e  gram s , ca u ses b y
I ns :e:uate or late d e v o l r  n -n t  of a p o o lni - ,
c r i t i c a l  s u b sy s t e m .

3 .  Lns it i  sfactori; n ’ :5 r-var ce of a ma 5i or sy s t em ,
b e c a u s e  of t h~ in a d e qu a c y  P an I :‘u - r t  ~nn r u b  —
s y s t r m .  ( In  an e x t r em e  s i t  t a t - i ’  •n , t i e  e n t i r e
~- v e l u r m e n ~ may I:’: c h r ’ eh .

Poss ible solutions to tuese prosier- s may also in set on

~no- folinving ssucidiar~ 
pt hI -nc :

Lad : of c c c ’ _ n e t i t i o n  in the mili tar y equipment
m ar k e t  a f t e r  I N C  award of t h e  deve l  p m en t  conr  r a ct
or t i e  Y~ ial h v . T b i  s r l aces  the  ( I cy e r i v n e n t
at the  r-: r cy  of ‘-he sole s u rp l i c e  and can resul ’
in € x c e s s l ve  c .  ct s .

This u r s not  h u l l S  t h a t  t h e  narn ’oi can s ’- s  are the  e ly
cause r of j ’ :u O r  f i e l d  r e l : a b i l i t y  and schedu le  s lI p p a g e .
In t h i s  s tud y , we c o n cen t r a te  on t h e  n a r s i c a u s e s .

4
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- Prol i fe ’  r a t  i:~~i of su b s y s t e m s  I n ten se  i to p erfoco .
s ir : .i  lar S e c t  t e n s , w~ t B a f t  endant  h l g }  r r d u c t i c r
co st s  t t : i c e a b i e  o s - m a l l  v o l u m e  ar id  h~I l :  l r I - i s t i n s
costs t r a c e ab l e  to noninterchar :geability .

Cruje est ir -~t~~r of h~ I l I a r  i m p a c t  of thes e p :o b le r:s are
as f e l l o w s :

• Poor S i c -  I e e l H i i l i ’ y ,  r - u u l t r:g f r - ::: e : : c e s z i v e
c o n c u r r e n c y , i n  :u a n t H i ’ ~b : le P r t h C  C — 7 E ’  a l t - - r a t
( s ee  C : r e r ~ Hr :  K )  cni~ i s  u i - o s ’. 10 t o 20% of uh
t o ’  t i  r ) r ’ r : - i  5 : 5  - A r s u m i n o  t h a t  th e  sat -c r i o —

t o t  h~~ld~ or a ll  o~ h e r  a n - c r - a r t  , : . I ssi I e , a n d
v h c l e  sy c t :. :: , t h e  ‘ o r a l  H n a . : t  i s  e s t I m a t e d  at
- i l — ?  b i l l i o r  i t  FY 75 . I: H i p  r r - ~~g r a m s  ar- N i —
cl: i’ 1 , t h e  H n : t c i  i_ s s i i s t a n i t l a l l v  or-ca ’ e r .
A cco : i i n ~ to Re f . 13 , cost cv-~:’r- cns , due Sc ~il

-
‘ 

causes  d e f i n e d  as t h e  r a t I o  of ’ c u r r e n t  e s t i ma t e
t o p l a n n i n g  e s t i r - s t e , a v e rag e d  L~O~ in t se  f i v e
:‘ear-s fec::: 1969 to  1573 .  If t hi s f a c t c r ’  is sr :p l i eo
to t h e  19 7L r r o c u e e m e r ~t budge ’ .  ( a b o u t  117 b i l l i on ) ,
cost overruns w ould a m ou n t  to ne~ elv 17 b il lion.
H o w e v er , o n l y  a fr~ ct  i on of shY: con  be - a t t r i b ut e - C
‘o  S Ch ~~iu i~ overruns. The 1St , r o e  e :- :st -~ Ic , has
est imated in Re- f . 9 t h u S  schedule over-suer’ cost

7 b illior in CU l97L1

C. P O S S I B L E  S O L U T I O N S

In this stu d y , we ccns i der in  cc - t a i l  a r -e s ’ ni  c c c :  set  cf
poss ible solutions ~o 

the above r . b l e m s . He make no c airr. tb- -S

the subsystem revelcpmer :t policies discussed it thin retort are

a p a n a c e a  for the prohl r- .s ~h .t beset nill nsr’y rroc rement - St

~ best , t he  subs-ys~~cn: deve lcr - rse tN 5 0 1 1 - t i c - s d i s c u s s e d  c a n  dea l  c - n I l ’
:-Hth a l i m i t e d  t - - °~ ion of t h e  fu l l  spectrum of ccc o: ’ement  p r -c t  —
lems . Nevertheles s , we relieve that early ic :eloprre’nt , m dc- —
r e n : en t  Cevc- lc o r : ent  and s~ u n d o  H zat  I on c-f set  sy s t  ero s are  do —

si  cable in scor e instances. We believe P . r t h c - r  t h a t  we have
devised a scheme Icr i dentify i r:g such  cases  - The ieve c pm e n r  of

• some su b s y s t em s  r eq uir es a lone  le a d t im e . On e t o s s - i t  Ic :-:sy Sc

iroer -ove  ooor f ie l d  r e l i a b i li t y  and sci edu ie  slit race , caused
by -c on c ur r e n t  or in a d equ a t e  : icve l -opr en~ of s uch su b s  s - n  err s- , i n

to  i n st i t u t e  a p o l i cy  of “ e a rly  devel pr : en t . ” lT h t s  p -a l l ey  c c H s

f r  t h e  - J e v e I o m m e n t  of s e l ec ted , l o ne  I-c ads  Inc  s u b  s - s t  e n s  f or

r a S t e d l i  1c s,ister r , hef~~re t h er e  ~ S a syst e: - :  r n - r a n  a f f a c e  ama

4 a s y s t e m  m a n a g er  to st- -r . sor  s u b sy s t e m  s c v e l o p : : e r r s  - Su c h  a c cl i

‘-5,



r
ta rt e i 5  s- me 01’ I le- p r o b l em  of concurrent or I r : r -u e ~lu a te

N u t  I t  ca r r i e s  w i t h  i t  s u bst a n t i a l  r i s k s .  For-
exa r . : Ic , s u b s yr ’t ems r a y  be d e v e l L q f - d  C c s~ c-c l  f ’ i cr ~t i on c  t h a t
don ’ t r a t  ‘ i t  t h e s e  t:~ coed Y e  t h e  r y s t e s -  : r t o  an i c i  t he  sub  s y s —
t e:-:s m o o  ev~-n tu a l ly  S i r  . i ’ u I a : Z V e - r -, i n  son-c cases the using
sr - c ’ en n ’  r ever ’  r s ut e r i ’ i l l ze . Howeve r - , t h e ’  e x i s t en c e  uI  t he
i- - ’. - - lo r e d  :uh ::- ;ster o may th e n  eOSe tl.c d e v e l o p r :r e n t  pa th  of
a r c  f r e t - 

~~~~~~~~~ 
C r - H e c if i c a l l y  d e s i g n e d  to use i t .  The case st -u ’ :—

ic-s have- sever-al ex cel les r f  t h i s  se r e n d i p i t o u s  o c c u r r e n ce
- N  a te e ’ t o  h e r’ ~e ra -r a l  f l e x i t  I l i t y  and c o n t I r : s i t y  of t h e

F&E s-te e s - s -

olicy that we exp lore  is tire deve lot  ru- -r t of s u b —

sy s ’  c r c  t y  a n  o rg r— r : i z a tio n  o u t s i d e  the con t ro l  of ’ t i e  p r o g r am

r: an a g er  o r  t h e  sys ’ er .  r e  w h i c h  t h e  s u b s y s t em  is er r -r : a r k e d .

Th - - is ‘1 n c e p e r : d en ’ develc-t  ment  . ‘ i t .  co r.t ras t  to  dir -ecte~
(re’~’e1:-: r io -n o ,~~~ w h i c h  is under -  t ee  c o n t r o l  of the  r r r -c n ~’I-or -r r o an :  ec S .

H. letu a r -n it  devel  r m e r r t :  makes  it  r e n n Ui e tc - c-tsr h a s  Hre the de s-ion

a ni  de’; e l o p s -r e n t  of s u b sy s t e m s  su l  t a b i - -  fcc u - -- in s c - n -  r - ~ 1 sy s —
ems; ‘- hus , sub cy st e r  r - o i  if’ ;i at lot , c a r  b - .- r e  i , :ced .  In ne r . -- sY

at  ions , Y right lea l st a n  n - r i  s r i ’ i - Se  c ” c-e r- ’ air. scrb :ys ’ ens

T h I S  ;-: uli  i nc rea se  the  t o t a l  f l a s h e r -  of p r o c u r a b l e , identical

sub systems oh - reby attracting or her- vender-s t~ the mark e~ . Su~ N
a situat ion could lead to comoetition and rehuced c sts to t h e

, ‘;, r -r r : r Cn t .  i r i r t - -p e n i en t  develot n-m t a r t  ‘n an i a r d i :a t  I t u t h

carry wN h theta the riul- : that a C e -y e - b r ed cub cys o em : -g; no bc

u se -cl

The described poliCies are studied its detail i i .  t h e  r a I n

par - S of ’ t h i s  r e p o r t .  -- -vils -ped :-uide~Hnr’n f ’ r- t h e i r  a~ l i c a —

t ic n are also des-an t-ed . None of thc policies conflicts w ith

current DoD or CUP procur-n:u -rN c-H dc-lines , althou gh the acqu I—

sit iur structur e of the r -d l i t a r y  s y s t e m  t e n d s  n 5 tIn en

such  policies , eveti when thi— y -t pr ear cresirable.

‘ -Ic r e i t e rat e  here  1 hat  h i s  s t u d y  :‘ cus ’  or : en I r a  ~~~ t o

( f u l l  s c a l e )  d e v e b o r - n e n t  - A l  ij ~ ions  S a ‘ i~-~ 
‘ e~~h m c l c - v h -m e

thr .ugh r e sea rch  anti  advn-r:ced Sevelc es-rent or’~ n •rHei- t. - v’--m I—

gab iort  h e r e , a lt  h o r : r ~h the° r- I :-j  - r ’ an c t  is recoor :i cc-

x i i
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at N -- “state of’ at -  I that r - its t i  de’;el r ‘c-nt ol’ ::s~- —

- I ite s-S P u b  oI er~at I ng h:~rdwar ~ - We : h. - I ’ rrr -t i t t - i  t h a t  ‘A. -- i r . r r- —

duct icr -i of a c or:.i. nc-nt or s u b sy s t em  in t o  erigi. rree’-ing sic ’,” l o p —

m e -n t  is u s u a l l y  a corr r r r i t  s-~ ’ r t  sp-  r - :~t a s l g r : i f i  c a r ’  ly

g rea te r  t - a t t -  on shat it.~ rr t t . :-n  in  r ‘ ‘ ‘ ‘ !j e L t ’  dc ’; l j t  r- - rt r- el th,:. ’

show in C l . rg  ter I t hat  t h e  an ’~ t - 5 i ~~e Dot r’ N- - ’ (I in --

i t e n . )  is-i c - r . r ’ in e e r in g  d ev - : b op i s e n ’ ( C a n -i c r y  ( . 14 ) : r - :N. ’ . a

f a c t  r 
~

- al about 2 . 14 tithe S the ro n- l it : 0 1  ‘ t r i v e r - - go t r - - ‘ c - c t

lfl ad’.’anced d -v c - i o p m e n e  ( T h t e o c r - v  6 .  ‘I). Tt~~s’- - oze r -~r es  -,- , -

t a k e n  over the 1: 1 cc-c- f i s c a l  y e a r n  i9~’ - — l ’ ~’~ a c t - cs o n -  r n - c - c

r . i l it a r ’y  s e r v i c e s  e x c l u d i ng  D A P I  A .  O h -  re c c - -  0: ’ Co urse sub—

s ta r t i a l  var -Ia~ i c r .s  f rom t h is  r i v er  c- fast - r- s r ’ a r . I ’  t h ’- - - : 1 —

t ’ices and e s - i - c - c - i c I l y  a n o n  p r o e ct s .

D .  A N A L Y T I C  M E T H O D S

Nor -  r Ic. a n a ly t i c ,  t o o ]  i s  a set  of ’ c a s e  s t u d i e s .  1-Yth

we have a s s e s s -n - i the  cor ~t - r i b u t i c  r. t h a t  t h t -  p e l i c i en  c-f’ earl’;

d e v e l o p m en t , indep  e : :dent  C~~ve lcp r . en t  ( I D ) ,  or r -~ an -tar-li c at i o n

of subsys t ems ml c- h t- r’ui~-a- t o w a r d s  s o lv i ng  t h e  n rot I c - m s we have

e n u r : e i - a t  c -d .  t ,~b le 1 s how s-  the  pa r t ic u l a r -  sub  ~ :;- f -as s , and t i e

u s i ng  s y s t e m s , t h a t  are  c e nb r ’a l  t o  t he  c a se  s t u di ’~s.

Eac r ease study includes a summary of the subs -y :tem /s-vstern

h i s t o r y . I t  a s sesses  l l ’ob le r , s t h a t -  o c c u r r e d  d u r i ng  t h e  deve lc~n —
n :eni t p r -mr -ar c , or a f t e r  d e p l oy m e n t  -c- f t he  sy s t e m .  In  t h e n  con-i —

s iie rs-  1che ’-h e l  ID , e a rl y  d e v e l o p m e n t , or s t an d a rt m i : a ’. ion  wo r l  I
have bc - e r r  p o s s i b l e , ond  :-~h -cthe r  t h e  p o l i c I e s  wou l i h r -ne  h e - e n
r i p p r e r r i a t e  and t e n e f i cl a l  t o  the  p a r t i cu l a r ’  s u b sv : t e m / s y s-~~ers
l( ’it lop rrcr nt . The a s s e s s m e n t s  are o u n l i t a t i v e , e xt e p t  i n  one

case w h e r e c o s t s  are r cu gh l ’.’ c a l c u l a t e d . A set of cu i d el i n es

is d cc le - - ’ d  f r - c m  the  case study findings fo r  each of t In e t In t - c e

t s t  c-s of ic c i s io n s : wh et h e r  o under-take ear’ly dc-vol H :::ent

lroiependen~ cl ove-lops-ic-nt, or standardi :ati as of sat-systems .

These g u i d e l i n e s  -are  t h e n  -ii p l i e d  to  Sh-~ fr ee following s - u t —
systems to show hew they m i -hf be u~ ed in m a k i n g  d c - - t I n - e n - :

fer ’bo s haf ’t m g i r e , -~i rb c r n e  c o m p u t e r , i n e r ti a l  n a v ig a t o r - , an - i
c o r r e l a t i o n  g u i - la n c e  sys ten :~

A
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TABLE 1. CASE STUDY SUB SYSTEMS
How Acqu reda

~ut-sv ~stem _j~~fs-~jy~~erns 1 2 3 ~ s~ R e f e rence C

~:kr RAFT E N G I N E S
A . Shaft Engines

1 . 1-53 OH-I , AR-I v A

2. 1-64 H-53 , AH-56A , XC- 142 , Others , ,- B
3. 1-700 UTTAS . AAH , LAMPS • V (Ch .)

-t . Navy p roposal UTTAS . AAH , LAMPS . HXM ‘ V (Ch.)

B. T hrust Engines

1 . ~-I00 F-IS H
C F- tOO F-l6 H

3. F-401 F- 14 - H

II. ROCKET MOTOR SRAM - E

I l l .  ANt, ENGINES

AGT -15 00 XM -1 (Chrys ler ver si on) ‘ C
A C k - 1 3 6 0  XM -l (GM version)

I V .  Au TOI- ’i :T IVE TRANSMISS IONS

x-200 M- Il 3~ ‘ C
X-3 00 M ICV - Proposed - C
i - t l O u  XM- l ) - - C

V.  H E L I C O P T E R  DYNAMICS
[tell OH- i , A U- i - S A

Lockheed AH- 56A • B

— 
- AIRC R AFT WEA PONS

Chin q r f l  turret A U-i (Adapted fron t IRAD )
d A

GAU -7 F - i S  D

V I:. RADARS
wi t - t O F -I5 5 (Contractor) J

cc F— 1 6 (Contractor) 3
SPG--iO Typhon I
Am- Io~~i A E G I S  I

— V I I I  -

SCAS UH - 1 , AH -1 • A

I f-lAS Various helico pters - B
ARB S A-4M , Harrier , 0
Proposed :~ r rlard INS F- i 6 , C—i 35 , C- 14 1 , V (C h .
St a n l u r d  I r rbo r n e  computer F-l B . LAMPS , etc .  • V (Ch . )

Ic . IR t - L ’ t t ck

‘,:~~ i u rd FLIR O R - i  3 , c - H - i  , F — 4 , e tc  - • F

m D ANC
A im poir ’t Mace , Mata dor , Pershing II , • V ( C h . )  & L

• etc . (Proposed)

Directed development blhe second user of a subsystem is considered
2 . Early develo pment to have inher ited it.

• - 3. Independent development c4 . Independent development and s tandard i za t ion  Exce pt for Chapter V .  t here are appendices u iv i n g
5. Inherited detai led developmental h is tor ies . Note that

Chapter V contains guide line tests appl ied tr ~four new subsyste m s .

4 d lndependent Research and Develop ment (IR.A D) .

X i v  3
t

I L
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E . CASE STUDY FINDI NG S

1. S e t t i n g_ P e r f o r m a n c e _ R e q u i r e m e n t s

A a i ,~or ‘s a c , - o .~ Inr~~l r i r e  t n  er - - ;  l e n  u J ~m - l o ; r n ca t  r s  t ha t

e t ’ °o r - ’ - a e o , .: r eq .~c e -  ‘cc ~:t c  m oj  L e  ~~~ t o oc’ ~-~~~o R : - r  t i r e e v a r H a l - i e

s - n  c - e e c  n- il :? . Examples ar-ac- the F— - HI  e n - i r a .  and the  () A U— 7 g u n .

Cxai r:pleo- of near—failures a r e  t i~~ F — b O O  en - H n e  and the SRAi-~
rocket motor. hoc-ri ver , it  is also rc a-os ible to m i t i g a t e  the  irs—

t r a c t  ct over—ambitious require-meant s.  In hi -ath  of’ these cases ,

the  requir ’emer ts c-, enr - e  r e d  iced and th e -  t r y s t  Ce c i e v e l op r s e n t  t hen

c- arc -pl c-ted . Counte r-exam s plc s Ohar I li u sm i - a t  t h e  oi~pos ~te  s ide

of the  d i f f i c u l ti e s  c a us e d  by e x — -e s s i  yr  ly  c i  i t io u s  r e q u I r e -—

ment s are the  ~~ _ 5 c  a t r u  T —6 ~ t s r r - l - - o s h aft  - - n o i r e - s .  Bat ii of t h o s e

s u b s y st e m s  were  r - : i t h i n  t he  d e n c r n m - ; h . r a t e  I s t a t e  of’ the- art ansi

b o t h  ea-:’~ V e r-~~ s u c c e s s  P A l~.’ us~~d i r .  a r -, .c-c N o r  of operational

s’;ste~~s. ifl H.~~5e cases , t i c  fI- ’:-rit lIlt :,’ and r o o e n t i a l  r -r-o -r- ;th

had a h i g h  t o y .  J -
. 
, e v i : t  t h o  ~r - h t h e  en ’ ~nes nay have  h o e - m n  less

e f f ’ i c i~~et m r - i n  t h e l  n - igb. t have ce -cr: it~ l i i i i v i d u a l  a p p l i c a tI o n s .

2. Undert akin ~j E n 9 ineerin g D e v e ~~ pme nt

c~n c o c d  c- c  i s o  o ’ ‘ -~~ l - i ! - i , t ’ e F’rt ’: to  rdc - “ rr ’ ir a b o v ~— , r~-r ; .

be t H a t  c- i - - : r n : : ; :-  r ’ e I o r  “ ‘ i t  :c ’: : ’oo t ri~~~r : o~~ore crc ’- -~n- r’ ,cez

7 i ’ ,n-~ ’~~e l—t o a ’ r i~ e ~o -~-~~c o a .  
~~~.

‘ 0? ’ - i l l o  or - ~) e n - r r ri 5O  ae
rho c-a ?e to a : kL  • ‘~~ - ‘ er -rH :H.o v O r i i ? H, t e H - e c - Z o 7 - h ’ O Z  a d v a v o c es  r~rr a
s c- e r  Z e  r y e o: “r— ’n :  t . Fx c e r les cr- i t b -  Fy r h o r :  r ada r  and the

-d P , U — 7  gun . th e -  r u - t H e- h. :o - e a r -  fham - rtFH- w a s  a n i - r l r _ f ’ a i lu r e  t h a t
r - ia s saved by e - s i n g  o f f  r ’ t r ’ m u i  r e m - - n t - s a l o ng  “- it - h i n t e r . e i v c -  ant
e x p e n si v e  c - f t - - r h .  - - t n  the  o t h - n- h an  , c x u r - r - l e s  r c - f  s U c~ es-s?~~l

- I e ve l cp r r : e n t s  are t h e  i l / m a n i c  s - - s - t e r n  c-f t he  l T i i — l  and tire Nh— i

h e l i cu p t  c-c , t he  O H — i  ~‘- t ah~ lid 7 or it 0 onn  eel Aac-osen ’ -at Ion S - c s - O e m

(SCA.t ) , the  A r m i e  Ra t - c -  h o n b i  ! : -  Sy s tem (ARBS ) , I .e  s - I  aniar -Jized

Forward—Look in:’ Infr-aS ed ( t O u r  ) s y s t e m  nc -r i e l e s , ar id  t h e  N i  I — f l
and W X — 2 0 0  nar i t tr s , all c- I :‘,- hlr h r e a r - c -  t — ; n - a d  Cr: ova i id-:h, Ie to c -h e - c l o g s - .
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3.  L i m i t e d  ft~j p  of E a r 1~~ D e v e l o pm en t

EarH — Jo: ’ - ;Io:-ow’ e t . mH~ ? A s 1~ :r r : I ea l  a’ - t r  t T e s e  o a z i c C s  o j
.v1e  o n c a  e a L ’ - ~ r~ ’d W O r  . An (~~n - cs t : -~~t t  in ‘ -oi ly d e v e l o p —

m eet  of a cu t  sy s t e m : :  co , ld  ha n - c -  a hi  c -Or c - c c - t a r n .  h a t  th e- i-c  is tao
c e - I ”  r i m :  wa~,’ of’ e-vtil uctlt , - t h i s , becau se the stat ic-tics ar-c ur n —

a - : :r l l ah l e .  I t :  a d d i t i o n , it i s  o f t  c - l i  o n l y  c lear  in  r e t r o spect
t i a t  e a r l y  d e v e l op m e n t  m ight have  led a n o r - c -  l i e - o i L  il it y
“ d o wn st ~-ear s ” . The ec - :smpl es  sug f - -;ost t h : - t  t }j c  c- o s- i .  cr1 a d d i r i c - n a l
e f f o r t  i- r ay be paid  e i t h e r  at t h e  b rc - cir ;m ing or at t }.c i - - n c  in a
r rn-cr The e -u i d e l im :e s  f o r  E a r l y  s i e v e - I c  ps-cot dOVe-lope -cl in
t h i s  s t u d y , if  - c a r e f u l l y  U s - c d , rr ! i g!;t hc-l~ - ir i p - r -o ve  O i : c  0 1 . 5 0  c - r  of

a mc ;r-~- o m -c -cr- ly cy s t ~-r c t ;v e l c - f -m e n t  p r o ce ss  w i t h  l i - - ss  c h a nc e  of
de l a y  a m - i cos t  inci- -c- r se -c - . l m t h e  ca - se  of a la-no  leadS  a n  ~

- i t e m ,
earl~,- -iev e- 1c r :-e-et w o o l s -  p r - -c- v lU c - rr: ore t i m e t -o ex r : bo i  S t h e -  t ech- -
no In - sly , t o  i - -x e  1: i- i-- n- i l ’  l~~- m € ’ r . t me ai1c of a ch i ev  I op a goal , wr eN t i n
p r o vid e  ma n e a r ly  s’m: r - n i  r g  ‘n e a t  a goal m m - a - .’ O tt  l r ? Sr C h , i e - Vn - h l O

In t h i s  r cgar-  i-ic note ti~~’ the lon~ - J o v e - b a m - r , , e r r t  t I n : er ;  t h a t  ar- c
-t i s S O C t : r t c - b v I t I ~ s r — t i l e d  long  l each .  i S C  l i c p : s -  are sor : e- t i r - .~ S

o v e r — c - s t  I c - c - t e d  at l en s - s  for  low r i s k  d e v e l o p m e n t s .  For e x a m p l e ,
i t  the case of engines- , t he- t ime  of d e v e l op m e n t  a ft e r  a de s-son—
s t r a t i c rm  eng ine  has p sr f u r c~ed s a t i s f a c t o r i l y  is b et c - ;eem t wo  and

- : thr ’ea years . This  is e x e m p l i f i e d  in t h e  d e v eb o rc ent  s chedu le

of t he  i-6 q  eng ine  ( A p p e n d i x  B , F i g .  B — i ) .  A f t e r  thi - ;  f i r s t  en—
n in e  r an , the  p r e l i min a r y  f l i gh t  c-ct I t  t , c s - t  ( F P R : )  wa s  co n —

p l c -t eN in  iess t h a t ;  15 m o n t h s . The qu a i l  I I  c a t i o n  t e s t  was cc ::. —

p l c - t e d  in -abou t  33 months. A r t - are - r a t in’ , f l igh t  test engines

reflec t-in~ the  i -t a te  of t h e -  art  can h - - u a v a i l a c l e  is-i a l i t t l e
rcc-r ’o t h a n  a yea r , ann: most  of the r € t n a  I e ir 1 ’ t i me is spent in

c m u a l i f y i n n  the  en inc . Schedul 1 m g  of th is t~, pe seem s t y p I  c-a l
fo r  trio -st of the  io ta~ leadt i: - I t e m s  t h a t  m - e a r e  i m . c l u d c  .1 in  the

case s t u d i e s , i f  0-hey r e p r e s en t - c - i icc-: risk developments. hums

are pe rhaps  the  on1~- ex c e p t i o n .  ‘J~hey tal-:e a iorper t i m s - c  to  d o —

v eb o p ,  p- art icc ~lanly I f new amlTo n. i tic- ta is to h-c develc~~-n - nlso

This  sugges t s  t h a t  s t a t e — o f — t h e — c o t  ¶ e c h nc i c g y  ccr ~ be macme -

ava l liable to a s y s t em s , w i t h o u t -  ea r ly  f’u l ls c a i e  d e v e l o pm e n t

4 However , if  a large- l a m p -  in  t e ch n o l o g y  is a t t e m p t e d , as in  th i -
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case o f ’ the  F~~l4Ol on g i r r e , TOr -y tIrr.e i’-a likely O r be needed .

E a r ly  ; l c - v c - l o p r : e - n t -  i s  a l l y  wa :’ bs w h i c h  to a c qu l  re more develop—

I r : r - : . On t he  o the r-  hand , ea r ly  deve lcprn c-nt runs s€c -ver- mc- l

a .  The u s - m y systems crap not rnatorialize . An e x a m p l e -
is t ic :- ‘~— E H e - n g in e  . The  r e -cu  i c - e m -  m t  cm - c - c if led
t h r e e  in t € e d e - i  u s e r s .  Or :ly ccc - m a t e n i o l i m - e d ,
a l t h o u g h  ot h e r  m l  ¶ - i a l i y  u n e x p e c t ed  u se-s - - s app~ea r - e d .
The fa mily of aut om so’ I ye t ransmis~~icr~s has bc-era
ava ilable for a suhs trm nt ri al tir.e , but is still r.ct
used  in a f i e l d  s y s t e m .  H cw e v e c - , t r ~rc of t h e
f a mI l y  have been s e l e c t e d  for  use  in  0-he iVilClJ ar ci
t he  711—1 t a r A ~ anal t h e r e f o r e - ar - c- l ik e l y  to  be
f i e l d e d  it - . t he  n e x t  f i -  r- y e - a r - s .  Tbe ~s-’C are  no
c a n d i d a t e u se r s  fo r -  ~ l , e -  losing engimne In t he 71-i—i
cen:pe ’:1L~ omn , h-ut  t h i s  can  be re -gar de-A as a c o st
in m i a l ’ I r ~ ” d i f f e r e n t  c o mp e t i t i v e  a p p r o a c h e s  to
solve the  ~ ro h ie sm . A l l  o the r  s uc c e s s f u l  subsys-
t ems  among t h e  ca se  s’. u d ies a c t u a l l y  were cased
or are l ik e l y  to  he usc-i i s - : o p e r a t i ng  s y s t e m s .
However , f e w  of t h e s e  were  ca r -b y  ai c-v c- l c -pn .e i i t  S.

N .  SAc potential using sy ss -e~ deve cpcre -et nay be de-
layed) so that tAs te’Ano Zogy -In the earl y dev elloped
system may b e obsoletc by the time it rc -ets used . Ocr

p r e c l u d e  t h i s  o c c u r r e n c e , an early develop -merit s h o u l d
have c a p a b i l i t y  f~ r g r ow t h  or im p r o v e m e n t - . A l t e r -m a - -
t i v e l y ,  i t  shou ld  be p o s s ib l e  t o  ad ,~u st  t he  uses--
sy stem :.  design  to a c c en t  t h e  deve loped  s u bsy s t em .  Jr.
some cases , t h i s may mean t h a t  the  b a s i c  s u b s y st e m : :
w i l l  be ove rdesigned , so t h a t  s u c h  in .p eovernen t s  -c -ar :
he a c c e p t e d  w i t h o u t  redes ir - ’n .  F x amp l e s  are t he
2~~53 and T—6 ~-h cn p - i n e s .  B o t h  eng ine - s w o r e  o v e r —
d e s ign ed  fo r  t h e i r ’  f ir s t  use  and were  s ub s e c u e n t ly

— 
upr a t ed  ~ o power  r e q u i r e m e n t s  i n c r e a s e d .  This
v e r s a t i l i t y  was u s e f u l , b u t  i t  w a s  ch - t a i n - c ’J at  t he
expense  of t he  p o t e et i a  I p e r f o rm a n ce  of t h e  f i r s t
users  of t he  e n g i n e s .  T h i s  c o n t r a s ts  wi~~h t h e
T — 7 0 0 , a new -cu r r e n t  s t a t e — c f — t h e - — a r t  e r — ice t h a t
canno t  be up ra t ed  w i t h o u t  e :-:tensive f u r t h e r  devel-
opment. . The T— 7 0 0  i s  l i g h t  and e f f i c i en t , bu t  i t
may n ot  he p o w e r f u l  enough  for  some of i t s  i n t en d e d
users  (as  11 scus sed  in C h a p t e r  0 ) .

c. The d e v e l o p m e n t  f O O l  t-a rameters -c- m ange before t h e
sys te m is comp leted. The dc- - ”ree  of t h i s  r i s k

‘I de p e n d s  on how r e a d ily  the  s u b s y s t e m  d e s i g n  can
be char 1god t o  m a t c h  new r c q u ir er ’n en t s .  iver ’l .’ e a r l y
d e v e l o p m e n t  in t h e  case- stud ies , including the Je
f - r c ’to ea r ly  d e v e l o p m e n t s , c - a s  o r i c - in - a i ly  t a i l o r e d
t o  p - e r f a I - m a r ~ce p - a r c n r e u : - r m r  O l a t  c-core c h a n g e d  when
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t ~~ us Inc  s l / s t r - r : .s ’ a c t u a l  c h a r - a c t - c - r i  s t ie s  be - c a r r i e
k m .  a m .  F :-:-o-j i - - c  ::r-e ~~~~~ T—~~3 ,  t h e  0 — I t , a b e
v ’ i m - r  ous au t ,a :c : t i ’j e t r ~amo:: :  1 scion: - , t i c  r ada r s , ar ,ci
‘ he  m r k  m , I e~’s .  l i e  r ’ i ” i n a j  t a r t  ~s - i a i r f t  r -t ’qr.:i r-e_

ma r , ’ s- c t 1 I ~ m t o o  t e -  m o m - - cr , and i n i t i a l
r ~,-.- e r -  cm c -n t  in  -‘ , of O — 3 O ~l were  r, e- c -e s s :ns - -v  . Tic- - -

- -cc - :  ol’ ihac A ‘ “ - h. O l L -  c - a m a s s  l o s l a c a  r a n  I I :
cm i l l tam ~~~~~~ : m n m c , - or - ‘ c m  lo c a l  r r v s t ~ - n

?:m -: f : -  p c - v :c - c- : “~ ‘ h - c  h , 3 :e- L t .  in l ,~ .s tc- d sev~- r a l
t l I c - y S  I i ,  : m m t l c i r a t  i c r :  c - f  t i c - - -  r - c~~-c~~r - c - m e - r , t s  of  p o r —
s i b l~ user ’s .  I t .  t h e-  car ~ cf t i - : — - f— ~ h e — l i n e -
(m o s t  p o w e r f u l  ) 1 i ’ - ’  -

. i s :  r , , - h~ r’~’rnm i r - :r ’ -. s-i ’: has--
h.-:  m ,  i t  1. t o  increase :-,-ith t i n  ab s-a- :-: i ‘ is ‘ he r e - c u l t - c —
r sent  f o r  tan l- :  ~ r c i t Y  ow- c - : - , na:- : I O S l i - , d a u b  IC bc-
t ow er  of t h e  c u r - c - c-n ’ Ar :- ’,’ h u a’ ’v ‘ i n t l .  :r. the -  -c- as -e-
n - f  t In e  5—1 5 an-I F — i f  c’S acr’ s- , c-rb I eh c - r e -  e n d  r a l l y
c o m p a n y — f u n d e d  d c V c l~~p ”  -

- s , i , e- s - :  * L - n S  1a . r ’ f :- r -m—
n -n o e s  a c t u a  11’; e-xce edc- ri th~ ne - d I n -  er - c ” s- . Scre en er ,
i t :  a l l  e a r ly  d e v e l o p s - e m  t cs- : -’- s - r o t - c - i a L o n e , I t  ac_ s
p o s s ib l e  t c  c han g e  t h e  c h a r - - c ’  - -- r i s ~ i r s  o f  - h~- s - r b —
sy s t  e::: so - ha t  it was  a b l e  ~~r :- -I ’ t i c - -  ‘ic - s I  s--
p-~r f  r r a r m c e .  C o n se r va s i n t-  n a n n r  l raI : c- in SoS ~~‘5 . mr - o s
e s s e n t i a l  f ’r  t -h ese subs t ’sty :s s  scm b an e -  ‘ h e
n _  c ia n g-c - w I t h o u t  s u b s t an t i a l  cc- i - c - n -_ i s  Imneet . In
th~ ot h’~~’ i’, :rr  I , i f  a s r h s ’ - a nr  ia]  r er - f cm” n - r , c c -  i n - r oe
is w a n t e d , i t  n a n  be ne c-c - mr s ar -v to ‘~ 

‘ l::,i:c c I c —
s c- n fc~- one set  of ch a r - a c ’ e r I , , ’ - i c s , a f e c -  m- , h i c m : -,
t :m i l c r i n c -  t o  m a t c h  a n o t h e r  c s - ’- nc-n y h-c 11f f :  c a b  -

‘h e  e x a m p l e  h e r e  is-- l,h e T— 7 ” °S r f r i n e , w h i c h ,  an - s
cot  im ized  fcs-’ It s  r r e s er , t s-a c-;e r , and c a r s-cs  h e
e a s i ly  ur - r o ,t ;c -i  fo r  use I t :  -~ t i’,~-x ’ syss  e r r s .  1-:ore—
o :er , t h e  0 — 7 0 0  may  no ’- h e  r o w e -r I m : :  e n o m g h  f o r  he
sy s t e m s  i t  is cu r ren t ly programmed for , and a wei ,fct
11 c i t a t ion  has  been p l aced  on t h e s e  s yst  es - n.e .  A i r c r a f t

- - r~; ’r i u i r ’  m o n t e  (ar.d weight ) t en d  r c  c r o w  du r i n g ’  d c - y e - I —
os-macnt , an-i es-fine p o w e r -  lis: i t-s cbv i  u s l y  i n t e r f e r e
w i t h  t h I s  c r oc e s s .  Cor ;t r c  of we igh t  c-coat - h is
c l e a r -b y  d e s i r a b l e , h-ut  an absolute iis.i t creates

r -es s  mr - -c- I- r a n-c -v i e v e l op r r - -- Such  c r e s s- ire- :s
h - c o o s - i n c  : t : er v -r i be in ~he c a s e  c f  ‘- he O t l i l ty
T a c t  b o b  O r - i n n e r  or A i r : .- : ’ ; ft  System (“TONS) and ha ’s
A - i n s - s  meN A t n i ck  S c -l i c e :  t e r  ( N A S )  ( s e e  C h s p t e r  \ ‘)

- : d .  Ac sur : rem na~ I e  r -c , r e c t c d  
~ 
p A c rrc :r:’-- na~~:~ cr

or prrl r-c — a t m — c s - o r  ( rr s - SO yrout: ~s t A c t  r t  i ls  ci so—
l e ts , or too J cs t i c , or t h a t  hc act :  r r o m c -I c’e a
s u b s N s t c ”  t A c - o r ~ ch n~~o’ de n ’o : c p n c ’c t .  :. 1 ’ - h o u~— :a t h i s
r i s k  :-;as c i t e d  t n  us d a t - i n ’  i r .~~e r - v i e m - .s of v a r - i -. .s
ir,di ’; I i u c l e  d ur - i n c -  ‘-he c o u r s e  of t h i s  s t u - l y ,  t h e
c -ri se s tu n i c s  no t ac t  s h i m -N r u c h  l i :~h~ ‘ m a i~~s v a l i d i t y .
~nly in  o r e  of ’ t h e  cases-  w h i c h  we-re u sed  to  t e s t
t he  ty,t h  leline ’s (h a v y  S~ a n d a r ’  I C cm r u t e r )  ‘lid we f i n d
ci i r e - c t  e v i d en c e  of a s - r i m e  ~ o r , t r - a c~ or t e d i c a t - i n g -
~ , u h t  t h a t  a p r o p c s ed  a t a r , J a r i .  sic - h s y s~~ee wou ld  b e
as- e f f e c t iv e  as one t h a t  t h e y  ~ O u i N  d c - n c - l o p  them—
s e l v e s .
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Two key p r - oh -  l e n s - ,  I ni the d e ci s i :- r :  - e g a r -  I i i .- c-arlv d -ve1~~~~ :m , t
emerge__a s :  ( a )  a s s e s sin g  c’ s- c -re- c ’. 1 i w h a t -  i m :  “m- ,’itt,i ma the  t o t e
c t  t he  a r t ,” ar :d (b  ) ,i c Ag i n g  c -  - r - c ’ - - ct . i y  t ha t  t h e m - c -  c-n il h e  c t ie r
uses  f~ r t he  s’, mb- c; s- t e e  i f  t i m c -  ‘ : m - i .a l m a l l y  a n t i c i p a t e d  u s c -r e’ does
r o t  s -m a t e r i a l i z e .

4 . Tes t i n g  for R e l i a b i l i t y  and M a i n t a i n a b i l j f l ,~

~‘ o s t - ag ‘c m  r e l i a c -j H t : -  and  r - . a : e t o - ~~: . z i - : ’~~~~, : -  A r n c r -  c c  d c —
p l oj ’-  on c  t en ds  to - be m ( r c z d e q u a t e .  Tire  n ,a~’ or - e x a n ,~ Ic a c e s - c  t m a - ~
limited case studies consi der- cc- i.e-re is the -— lb ai r - rib - s - ac .

Early develops-ne-nt might contribute t-o solvier thai: p r - o b l - n . ,  it .
the sense that it would allo:-s- more- i:se m r -c - crmb s-b ’ctcr.rr t c- ri -n —
ture . Its use is unlike-by for- tI- ,e- reasons s-ac ’ C c -  us- dc-c’ I at e v e .
I n d e p e n d e n t  deve lopmen t  and si a m a d a r d i z a t i c - ra ac -n - ic -n help . die ’;

con -I d  p r o v i d e  more  equip s- ic -ct  t h o t  is b e t t e r  q ua l i f i ed  tha t :  was
o ri gi r a al ly  t h e  case  atari , t h e r e f’ore , s - c r c  l i k e l y  to  ha- :~ b e t t e r -
rel ish ilit y ,  although even with s oh € aaip r :em,t a p e r - i a - i  of or: —
c - r a t i o s - i n - i  t e s t i n g  is n e c e s s a r y .

5 . S t an d a r d i z a t i o n  Op p o r t u n i t i e s

,) n m c - r t u n i t i e s  icr s t a n c - i a rj :’ rm a H o t :  or r or t h e  :485 c:’ s t - c d —

a r d iz e d  squm 5r ”cct are ~m c g i e c r  c i .  I- - mc - x ams p -le i s  s - b c  ~s-~~7L  . It

used a r . u m h e r  of s ub s - b  st e r . c  ohs ’: could  have h - ce -n inc-a-nra rn - c s . a

group- of available systems , oor:s~ d et - - - as s t a r d a c - -: s y m m s e n s - , c-

heals— up d~~sp lay ansi i m c a ’t n - s - l  n~ . gator. The equ Ip s-rent t h a :
was  -.,sod had so low a -ieani Time I c-twe -en Failures (I-lOb-F ) t h a t  i t
t or - c e d  a I ; r e r n a t m .:r-e s- e - rn . i r a e t i c -n C I - h-c- f l i g h t  ‘-es~ i - r - o -r - ar . , wh i ch
was to  d e r s o r a t r - s t e  c - c-I  iat  i I i t~ ;~c- i a r  to IT O .

6 . Judgment Errors

E r r o r s  in j u d g m e n t  -or e a J ’e z s t or  ~ m ‘-ranf o ’ s - h e  r ie — ’~~’i o ’:s-
r e t  r es e n  t e d  I - c  th e  c r c - m e s t u d : ’ e s.  I - In ch e r ror ’s  occu r re .l  at  al l
s t ages  of deve lop s-sen t . They i s -,- -  l ude  the  s e t t i n g  c-f c -x t r e c ae

p e r f o r m a n c e  r e q u i r e s - o n t o , u n d e r e s t i r : a ti r g  d e - ve lc ç r .en t  t ime ar id

c o s t s , and not  c u t t i n g  o f f  p r o g ra m s  w hen di f f f o u  t ies  Indi cat ed

4 t h a t  cont inam i ng them would not lead to a :smrcce ssf” .:l - cr,cl’jsiOn.
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J ~~- i - - ~ss ar e ri~ i lop e - : ’  i . : int  i n gr edient  in Jeve lo s-  I ma mi 1 i tu r ’ ;

p r o - I n c - t a  t h i n s -  u se  :~ iv:immce - d te chcric - lo- -:y . The e x i s t - S l i C e  -of r i sk :
and the  s - s - a c i b i l i t y  o r ’ I ’n - i m a r ” -  o r - c  r n - - l i  r - : r c o g n iz e d .  The d c - y e - i —

~:p n m e m i t  c y s t - .- : ’ : 1~n - v x s  u s r : I ~~ia a h i , - a d , even ‘~hefl It is coritr-a—

I m d l  c - mis - ni . Tb s r e s u lt s  t o  a m- ’ lu c t a r i c e  h -- a c an c e l  or s- c - c r - i c - n t
a r o n - s i , n-ni i i  i i. m m ,; gon e  too f A i r .  E x i r r i m i les n - r - :  t he  ~A m i — 7

g m n n , t in- _ i Q  - c - m m - -’ I - , ‘ a :1 the Cheyenne he ii copter- .

E - ir l l ’  l e v I - l I - p s - - nt , or l i n e r - c - r A e - n t  d e v eb o s - im e n t  and s t a n d —
a c - l i  c - c i t i e s - i , can c i t  m i t  u s - c  o n l y  m ar ’ c- i n a l l .v t o  t h i s  , I u d g r m m e n t

s-n h -bern. P o t e n t i a l  i~~, er r - b y  d e v e l op m en t  of long l e a d t im c -  s u t —

tems c-an :‘nv l c-k- a bet  t rocability of success- , or- at least
an e a r l y  warning t h a t  a m a r t  i n - u l a r  appr oach m i gh t  have to  h-e-
c h o s - i  ed .  But good , m u c Ic -~n ien t  m a r e - -ded to ac t  o d e - s a n t e - b y  on such
;-;in r - s - : i n 5 s .  Sh - , l a rl y  , the  m s - c  of  s t a n d a r d  ‘t i-m s he m s r -o o fe s-et
t h e  unc  - - r ’ r I s-dy ar~ i c ’ s-k of’ r c V c - l c - -h- 1 m~ r new su Lsl ,’stems , altic- . u :h

I s - . r - - n y  u r s - e t  t h e  roo t- rh Uo t We - - rrm ‘he -or ’i a i r i n l  rc’ - c r i r - c - m s m 1 t  an d  t b-c-
m l  n — b  S~-’ s’  -c - sm t-o s c - c m - c -  r:n-e e.

F . GU I D E L I N E S  FOR SUBSYSTEM DEVELOPMENT DECISIONS

1 . Earl y D e v e l o p m e n t

Enn r ’ly l e - r e b o : - -nmc ’ rr t can  take ci ace  is - c i t  b- c r i c - l i  be ra t  ‘~~ or

n o r m - d e l :  a te  r e s - r y s .  D c - - l i b e r a t e -  w a y s  W O n - i - I  ~n c b u d e  t Im-c- d e c i s i o n s -
a m - c- r im e d l  :-cuscica  h e r e ;  n i on d e l i b er a t e  w a y s  w o u l d  is - mo l ud e  t i m e  use
of c - h- ’ ’;c c - i - . g - -  1 s - n i h - s y s t e m s - ms is - i the  co n ce rt  i ’ -n and develor ro ent  of s-n e- :-;

cy s t - -m o .: f-c r- r - n h b c h  th ’c- s u b s y s t e m s  were not o r i g i n a l l y  c o n t em s -- l a t e d .
Sy .:ur d e f i n i t i o n , it mn -s -- h be d c - n e  i n  ad v a n c e  of s y s t e m  d e f i —
n i t i o m : .  Con se~~m i e - nt . ly , it c a r r i e s  w i t h  i t  t h e  r i s k  of s p e c i f y i ni c - -
s u b s y s t e m  p e r l t - m - r ’ : ancer  t h a t  may no t  m a t c h  t he  s y s t e m  requ i re ’ —
ment -; t h a t  e n - r i t u a l l y  evo lve . Ph-st e t ha t  s y s t e m  r e q u i r e m e n t s
are not  i n - s - s - u t a h - b e .  They are d e r i v e d  th rou cc h a p roces s  of ana l-

;- ysis , negotiation , -is - i c-I c ompromise , wh ich reflects  cons iderat ions
of’ s -m i litary t h r e a t s , environments , t e c h n i c a l  p o s sib i l i t i e s , and
budge t  issues. The p r o c e s s  does not stop with - ii: t n i t i a l  s y s —

tern ar e - n i  f l o a t -  i - -n .  I i n c e  the use of advanced t e c h n o b o i c a -  in—
v o lv e- a n a y , t h i n ’  m u  i s - i l req fl rements ’ s p e ci t F i m s - i - -n may t u r n
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out  to  be t o o  n - r o t c - i t  i ou, - techno l c - a l l y  oc-- too costly , an - I the s-ni —

iu s t m en t  of er i e  or s-more e m - f  - -m anc e  - r - m i 1 - m , ’ : c - t e rmr  may L - mac -~c c - s r r n r - y

t o  a c hie v e  a r m  ‘, n m - : r - : t t  in c  system . Such ad j  u s t n r : e n t s  w er e  m ode : s-i

a nu mb e r  of t h e  s - a c e s  we- c - x :im: m ir m e d. This risk is rn--S r’-:stc’ i - --t -i

to  ea r ly  deve c - r - r r : - ’ r mt  . E ve - m m c--:lne m , a grea t  dea l  of infc- r -rri at  i on

abou t  a s y s t e m s - :  is avim imac -ic , t he  i s - m i t  I n - ]  s u b s y s t e m  coa l ar -an: —

etc-c’s s-ray not nrmas - , ch  t h e  system - :-quirements as ul t  i n n a t e l y

s t a t e d .  A n o t h e r  r i s k  is t r ot  the  sy:-;t e rn  i t s e l f  may never  be

app roved  or t ha t  , e v e -n  if it  is  , t F i r  p r o g r am : :  r oo rr iag e r  r on -p  elect

to  dc -ve l e r :  a n o t h e r  s u b sy sn c - m , L a s - t i e r  t h a n  use  the d c - n c - l o p e d
subsystem. Still anot, h-s r r’tsk is tha t t - - -;hnology develo pments

may make an ea r ly  d e v e - l op e d  su b s y s t e m : !  c -h s ol e t e  b e f o r e  i t  can be

u s e d .  , s - n t he  o ther  inand , an c-n -p ly  -d c -ve l r ,cn ’s- ,t may make ava i l -

ab le  a long len-cI t i c e  s n - b sy , c - t e r r m  I sd or ,, n- n .e I e  mn i rs-ht : s c-y- i. c-,m r s-iv

i -c -by an 100 or , as 1 m m  t h e  cas -of n e -  O_ 6 :i , it  may r! m ai- : e avaI l -
ab l e  a su b s y s t e m s - i  wh i ch a n o t h e r  s -p ’ s -t e rn , ri -c t on — m o l l y  c o m a s - e m —
p l a t ed , c s - r  i n c - c r - s - ma r- -a ’ e .  Throuci ;  m n , -r -e-  a n n -  i l - ab l e  t im e , i s- m i c i n s -

also produce a more mature subsystem ar - i , tnereby, reduce the

need fo r  P r c - d u ct  imoPcvn ’m erm ’o Fr- c’ Tr’r-1r::~
; (TIP s ) . Also , I~ ms -m ay

f o r e s t a l l  a p rematui -e  svs ter :  m h e v e l o r - r c i e n t  d e c - i a  i c c - nm b~ inc-n i s -as -  in - ~
a r i s k  t h a t  may b e i n s - - c c - c e  t a b l e .  The-se c o ns i d er a t i o n s  1 - a - n - - I  to
t h e  f o l l o w i ng  gu i d e l in e s  fo r  i c - c l  ding am e- t h e -r  a sub ~,p ’ s - t c - s m

should  u r m U c - r g c :  e a r ly  devc- l m a i r n e r i t . Oh- : c - n - n o i s i e r :  s-r aker  shou ld

I-c- s-m c o -m in e  t m , n - t

a .  l b - -c- s u b sy s t e m  is of  tee t y p e  t hat .  r eqa i r’ec  a Ic- s - m r
dev€ ’lor - r , cnt  i c - m a r i t i m e  r - -:- ia t iv e  t o  t h e  deveior---- a ”
t~~rme of o the r  s u b s - r y s t e r m s .

b .  At least  one , and c—~ ferabl several , p : t e - r m t i a i  ‘-u ser
systems are identifiable. I-late that the detailed
c h a r a c t e r i s t i c s  of t he  user system may nc- t be k nown
at t h e  t i m e  t h a t  tho -  d e c i s i o n  to  deve lop-  t h e  sut —
system is t a k e n .

c .  I l -a s u b s y s t e m  a l t e r s - r a t  ives ar -c- a v a i l a b l e  t ia s~ w- - a; l -m i
perm it t he  systems -. to be c o s t — e f f e c t i v e  in a s - m i n i —¼ m o l l y  a c c e p t a b l e  s e-t of m i s s i o n s  of the  t y p e  fo r
;-ztnich s-he  s -ys - -, t e m  is -c -n ’r is i  - n o d .

_ ii . I n t e g r a t i o n  wi l l  not be a n - n - i c r  p r c -b l e r o . In Other -
words :

~~~~~~~~ - 
_ _ _



1. ‘h - l ie su b sy st e  c i ’ s - ’ a s - l a n c e  c h i s - i r - a c t e n - i s t i c s  mi s - - c-
a l t e r - a b l e  over’  a r ’ c - m m : m on r m b l c -  r ’n - r r g e  , w i t hou t  r - c - —
q : i i n i  a ’  s - m r t ,~ o1’ J c ’ v a J - c l - n : m a n t  e f ’ f o r-t  ; the sc n -lir~a
lam e s go - 1 - mr - n i le - ] c ’ l m ; i r~gc-s in  t i m - per1or’r ;:n-r~-ae -of t im e -
s - i b -: y st  em :: n -ne - w a l l  u n d e r s t : e - -i or c ain  he c l a r i f i e d
i u r ’ i r m g  su L ;y s t e r s - :  -ieveloc;;ient . A l t e r ’ s - m s - m it i vely
system m e -- n r c -  n - c- -s -m e r i t s  a re - of su f  t i c ]  c-nt  f l m i - x i b i l i t y
t o  accept t h e  -developed item.

2.  The s u b s yst e m  can L e r ep ack s - i  ~ed w I t h o u t  mm , n ,s- or
c - ls -- v e b o p i f l e n i t  c - I C c - a t , m i l l - :  w ] n ~ a.t t o  f i t  in t o  h - lie-
ay st -r r: mel t h i o u t -  I n t e g r - at I  cc-n p ro blems . Or’, i f such
r- c--packa . -- imnc oprear’s i m p o s s i b l e , t he  s y s t e m  can b e
desi gn-mci i-:it.hout - l i I ’ficulty to ac -mm-c - r h- the sub—

te rn .

3. The e nvi  s - - o n — c - u t of t h e  us s-n’ sI/ -stem w i l l  not s - c d—
V c -r - S c - i~ a f f e c t  s - i ,c -- r m e r f ’ o r ’n s - m anc -c  of t.he suhrs -p ’atem.
I s - ’ t h e -  n : u r ’ cma l s y s t e m  envi r ’o ars -m -:-nt 1 s a p r o b l e m , a
c ont r o l l e d  e r n v l r ’ o n n c - c r c t  f o r  t he  s u b s y s r e - m o  ‘-“ i l l  b-n-
ava l I s - m A c I c -

i4~ CIor ~-~- -o r ’ is- e b y ,  t he  ir s - is - - : r- - .- m noe -nt c - - c -nc -ra t ed  by s-he Sum: —
cy s t .rs - : n - i l l  ha-c- a no a d v e r s e  i ns - n i a c t  on s-he sy s t e m s - i
- m’s - -  o h - i - a n -  c o i b s y s t e r r i s  . A lt er n a t i v e1~,- ’ , t n -c-  er n ie- :  s - i —
m a c r h - a l  i m m s - : a c t  of th e  s u b s - y s t - c - s - r  s c - : n ; s -  r ’ - : c l J m i b l e
h - a  m c s - ! s - -  -er r l a t e p a-ri -m a s-er

e . s t e m s -  os- s o l e - a c -  c- n c-- -o s t e m m i s - n  fr - arc  h - c c  heel o n - ,1 c - l ; s - c - n c - ’es
is-n : ;u i . . -m -y at e n  ar-n a  w i l l  not  ice ser ious , h - c - c om ma - c-

1. i-J o d e v e le~ - n m e r m t s  a re -  c - l e n -  that will o b s o l e t e
h - l i -  - s u l - m s - y s t e s - c, before the s yst e m  d ev e l o  s-c ent  is
s t a r t - c-A , or

-— 2.  “ a - s - r n  s - i t , and func: i o n ” p r i n c i p l e s  are appli-
ca b l e , or -

3. i]xn -acte -- l b e n e f i t s  i n  s - l i - - UtIlity Fm -nri .od of tame-
a u L - c / s t e n n :  e~ c - c l  t he  e x i  c - c - t e d  c o st s .

2. I n d e p e n d e n t  D e v e l o p m e n t

m Ae -pen s - I- c - r h- - i c m v e l O i m m e s - i t  ( I D )  Is crer :r -a l ly  rirde r s - aken n- i c i ,

the  in t e r i t i - c r i  of c l e- v e l o p i  r~~ a s t an dard s u b s y s t- - -- nrm . The g u i d - :  —

l ines  f o r  s u c h  a ca s e  are st - : -i t e d  u n d e r  “ d s - . n - n d m r r d i z a t  j oe l bebo - c ’~.
f o r oc -t i s -~’c-c- , ID I un I -r ’ta i- :en w i t h o ut  an in t e nt  i on to  s t a n d a r - .i 1 me ts-

n- s-m i I: b r  a p r  t i c s - m i  a la  , - : ‘ . u i  n c - l i n e s  or -n -  as f o l l ow s

a .  More t h a n  one ~u t e n t  ‘~l u s i ng  sy st c - nm , incl .iAir:c -:
cc - f r o m  ‘ I t, s , I s  l A - : m i t i l ’ i m A c l e .

t .  i nt ~e- g r at  i o n  w i l l  s - m i t  b - ca  a s - s - i s - s - i o n  p rot  i r s - u . I n  o t h c --r
4 c-i
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1. The a u b s y ; ’  - - s- p -c-r: ’ o i ’ r s - s - m i m m - c -e ci - a ’ a c- t e - r i s t l c s  ar e-
al ‘. e - - m ’ o b l e  e - v - - r -  a r e n L a - o n l o t l e  r ange , w i t h - u t
c i u i  r i n g  rna . c m -  i’’v -bo r -r s - m -ncs - eff- .s - - ; s - n r  s o n - l i n e
t ow : guv ’n-r n g  c-n m c ’ s i i .  t he  - I - - r r f c -  once on ’ t h e
s s - r b s y s t - mn i i n ’  : w e l l  mr , cI - :-r ’ , ;t o- c-I or ’ ‘ ‘a : ri e - l a r i f i ed
dun -leg , um’ :;st .e rs - c-l e-veler r s - m e - n : t .  A l t  i -n a t i ve l y ,
as - s te rn  r ’e q a i r ’ - ’: - m s-s r i ’ - of s u r ’ t ’ t m s -  i c - r u t  f l e xi t  i l i ty

a c c o - j - t  t i m e -  d ev e l o p e d  i t- -rn .

2 .  The s n u o s y s t e n - i  - ‘ ‘ m l ;  b e-- r e J o in  -rn - m ’~’ - - I  w i t h o u t  rr , aj  or
develc  l i r e - r u t  e f f c r - t  , a l ia s  in g t t o  fit I oto tb -
system n - l t h , s-i t t r m m e  rat i rm ~r’ctclens- :,’ . (1.-n ’ , i s -  s uch
cc-pac t- - . - . m i t ]  s - c m s -  ears  1 : - . : s - s i t - i c - , tee- s y s tem ca n be
- I c-s - ‘ n , - - , m . -.’ it  h . n n s -  d i f f i c u l t y  to  a c - c - c - p t  t h e  s u s - —
,;~~a t e m .

3. T h e -  - nv  ir o n m e n t  e m  t h e  u c s - I s - i g  sy s s -  s - - c - i  w i  11 n a t  ad—
v e s - - s e± .r a ff e c t  t i m e -  I - e r I e - P s - m ar :  -e  of the  a c- tn -n ’s- t e-rn..
I s -’ s -he  n er -ma l sy s t e m  em o v i r c -n : rment  • s a r - - o b l -  mm , ,  a
c o nt r o l l e d  e n v ir e - i m ’ s- nn l . h - or -  t h e  subs ’c- s~’ - - m - , ‘ - 1 1 1  n e
a v a i  I a b l e .

14 • - l on v er s e :  i , s-he cnn  i r e - m u - -n i  e-er :-c-ra c- I by t h e  s u b —
s yst em  w P11 have- s - m o adv e r s e  h r  ac t  or :  t he  -syst ,e- -s - .
or o the r-  su b s y s t e m s - a . A l t e n r a o s -  i v ely ,  t r m e - r , v i  r ’- rc~
rn s- e n c~~ai  ir:. :-ac t of t h e -  s u bs ys t e m  i s  c o n t r c l l r t  le tp ’ -
a r : r -x ’ c - - r l m m i n,c- p r r c : - n - ~- i e - - .

- ‘ . T i m e -’ s u b s y s t E m s - m t  de -- c -  ig~u rc ’ir-n -rae tn-r’s ~u-e- a d c - . n u a r  e ly  a s -  e s - i  —

f / a d .  In oh -h -r we e ds

1. ~~- . - t e - m  d e s - i  n a c- c- s-pl c -t a  enoush to sr - cc is - ’,-: t n - -
subsyst em ., or

2 .  l y c - t -- s - rc ‘--s-i l l  be d ei g n ed  ‘s-r ound the  char ac t e -r i s~
t ic - s  of s - h e  su b s 7 , c - t em , or

3. du b s y s t-. m m 1 , - par - ’  of a h- s- n- u i 1~c- , s’he-se c h a r a c t e r —
ist  i - s  span t he  ex ~ - a-t ed  im y mi s- em r e n u i r t  - u - m s  a .

d .  lb s u b s - r o s t e r s -  a l t er -n a t i ve s  e -av a i l a b l e  t hat  a’ u l
p e r - s - s - i t  t h e  s y st - -m  to  t c- c o s t —  C f - a - h- P v c -  in  a s - :. m . P s - ’~- i i y
accen  s - ab l e  s- -s c-f m s - i  a s  P ons  of t he  ype  fo r  n- s - h i o n  s - h - ’-
s y st e m  is e n v i s i o n — A .

3. S t a n d a r d i z a t i o n

c-c - flris - ii~ t h e  a - a se nmi  c - x e - A  m e  i n n this study , seve r -s-c 1 in b-~ cr c - l e n t  by
d - ’ie-ic ;ped s u i t  sy as-. ems i-r i -ne -  ss- a r c - ’  ~: . I 1 ze -ri . l J e v e i ’t  1:-c- less  t h e  bas ’ s
r an w h ich  t h e  - :1 l ii  n - s - - a  s e - u - s - - i cc-s I c - s i c - ic i- - I r e - s -h e r  a s u b s y s t e m  shou ld

be in ~i c ’p - - n d  n~ by - l e v e l o i - ~ I and s n ’ a r ; d - ~r -d z ed  I a  unc l ea r  ana l i n —
can s  c - t e n t  . To b-c- a c a r m u  1 h a t e  for  in-I c-’-; - - n c - c - n t  c-c--vel c me -nc -nt a r m  I

: ‘ tn in d a r d i z s - i t i o n , a sat system must as - i t irs -fy the  C o i l - w i n g  c o n —

“l i t  ion: ; :
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a . lAo ‘a t h i s - i  a l m a  potent i ci us ! m g  syatcam n : , in c l u d i n g
r e - ’ t r - -. c m ’ i  a , is  1 d e u : t i t ’ I m ~ r - l e .

‘-s - u b : y s - ct - enm i - c- - c- h r u o b o - m p -  i s  m u : u i t - a r ’ - c- a n a l  ‘ - i s - - l b  i s - u  h a s - i d .
c . I ’I ,e ; - o t e n ~t i a I  m m . m c i - k e - t  i s  ] m ~i - ce -  o nou e h . Is-. c-s-he -r -

- r -  I c-

I . Ti, e- ms-c-a r ’J- :i: t m s - s -ny - o m s -~i y 1 ar m -- c c- r, a n m g h  to  s-na : ; c -I
a s.i n l e -  s u n-nc - I t e n  f c .~r i C ’ ,’e-s-~s-a l n - c - a s - - a .  In n- : l - c - pe r i d c r na~
A e - v c. ’le -  b c - s -rent  an - .] st a r s - - l a r d  I c - a t  i cm - , s - s -r ’ - t t  -~e at  r . t ar. r i  —

a s - c , c - - s - m I s -  i f  f u t ur e -  ic-r ices  c - a n - , b c -- a - : I e ccn - i t ely  n r c —
s- e- .m te u by devices s- u - c -la -s-is a lon . - -~ te -r-nc -a n - i -:

au - ’r ’ees-s - e -n t

2 .  The n - o h - c c - h - i s - s -I nm. s - - r ’i-:e t s - ca p ’  ‘s - -a i r :r -c- e-n c s - e - l .  t o  su n —
p c-m r- f: t n - ma c-I’ s - m a r - c  s - a pp  Ii err . In I c r - - . r , ’Ie n , s -  ~evTh c s- s-c- —

n s - , e - n a t  m i s - u  s t a r s - c i n - r m l i m s - a t i - ars- r: : p.’ t h en  be - s - c a m  s - c r  r - i n s - m t e ,
i -I - ce -- i d e - cc- t h a t  s a l t s - a t Ic s t e r - e- ( e . g . ,  f’ . r - m ,~~~~~t ,
s - c - n~-,I f cc -no t  i c - - n m staaa c i : r s - - c l i z a t  i n n  ) s- s -n e lan c e - I s - c- —

e n s n a r e  c c -n t  i n c - s - r i na t ’ cc s - s - p -c t  i t  On .
The c - . s - c - -, ’ e - e - s - :an s - - ’;e-I s--s - j  t e - u a c - f i t s  o f  L a n a - i a n -  I i : s -~t : i o r

I s - s e -

i-A c-c -s- s-ever- f e a s i b l e , the  c o s t — b e n e f I t  anm - -.loeels
sn ‘ : 1 - -i t r i o  lade a c c - r ap a r c -m t i ’-;e ( h - u t  not  n~e-c - o s sa r i l y
a x ,  a b a - c - l u t e )  l i f e  c y c l e  cos t  ( L C C )  r~s-ni s - c l -,r s l s  of ’
at  r o A n - r a i s e d  s-nd  n on s t a n d a r-d i  s-s -c -c ] e q a i : . s- s- ,e-ns - , in-
c - l a s - l i m o .” FAil ( R e l i a b i l i t y ,  Ac’s -il l a b i l i t y  are-i

I n i t s -j i o r s -b i l i t s - -) and lc~gi st  i c - s .  The ‘a- c i r o c m e n a n c : e
concept ms - iu st  be  suffi siermtl r-.’ well defined t
pe n-: - i t .  u~~e ..i e t e r - m r , i m ’:a t ic-n  of costs art s-] r- -:-ss Ire-i
c c - r m i f i g u r - n t  ion c on t r o l .  In c - t h e n  n o r - h - mn , i f  con-
s- s - a c - t a r -  re a i r  is c o n t e m n g : l n t e d  , Cc-rn - , f i t , an-i
I ’ ,~no c - s -  ion  at  : c -n d s - s - r d i z a t  i cr  is  n - d c - a c - a t - : -. h-’- ; n t’ .i f
s e r v i c e  s - - n p a i r  is en v i s ag e d , d c -t a i l e d  cc- r m f i g u —
r -c -c t i o n  c or u t r ’c l  ins -side t h e  r e t a i nab l e  n o d u l e  i s - c -
rae ’ :- Ic - m u .

I .  If’ the LOC cann ot be reliably e s ti n-a t c- s-i , t h e  c o a t —
ben -c- fit study shm s-ulA att~onart to look at least
s c - n c r - c l  y e a r s  is-aLa t he  f u t u r e .  It s h o u l d  use t h e
c o a t  of  r e l i a b i l i t y  improvemen t  w a r r a r -i t i e s  or - c - n y
e t h e r  a p p l i c a b l e  t e c h n i q u e  as a p r o x y  fo r -  L C C .
T lm e m : :o i e t e s - -r a nc e  concep t  m u s t  be adequa t e ly  def ~~m ced
foe - a m e a n i n g f u l  r e s u l t .

I. Ii ’ a cost  advan tage  canno t  be f o u r m j , t :h e a d v a n t ag e
t h at  n i gh t  be o b t a i n e d  from t h e  p o t e n t i a l  c-f a
s-ne- i-c- at,t r a c t i v e  set of p r o c u r e m e n t  p o T h c i e s  s ho a l  I
he cons-ic-Ic-red . An example is continuation of
co s -n p e t i t i c -n a f t e r -  d e p l o y m e n t  t h r o ugh  s p ilt  L ay s .
To he va l id , t h e  a n a l y s i s  mus t  a c c o u n t  f o r  ‘- h e
rs - ’a in te m -:ar cce c o n c e p t  and t he  r e q ’u i r c c - A  c o r - m f i  c s - m a r s - —
t i o n  c o n t r o l .

e . In t e g r al  i c - r i  w i l l  n o t  be a m a j o r  p r o b l em .  Tn c - t h e m ’  —

w o r d s :
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I
l.  , } , - -  ss -,;lc a’ n st c - -s - n  c - s - m r. be- r i -  s - ...’ ’a s- -tge ml m - : i t L c -u t  s- s - c-il or-

I - c - s - e l .  :- s - ue ns -  c - h - I o n s -  , a i l co - c in , . ’ I s -  t o  l i t  ir ,t
tb - c -  s y s t e- ’m a i t h o u ’ i s - m t - gr-at - i n , r - cn ’, l e--r r , s .  Or ,
i f  such  repac i-m ’ :- ”imn ’ a ; ;  c - s - - n - s  I ‘ s i b i e - , s- h-c-
aye -i ens - ,  c - a m a  be d e s i g n - e m w i t h .  ur. i i e - f i c o i l  h - .- to
a c -c e ;  s- s-m i s-- s c - m s- n y s t - ’- r s - - .

T he - s- m i s -  i l ’ s - c - n m - e n s -  of t i n e  musi ng sy at es-c- w i l l  s - .  t.
ad s - -e r - sc - i s -  a f f ’ -c- -c - t t h e  p er f or r , -am ce of t h e  s u b —
sy ,mi t e ’r - . .  I f ’  t h e  n - s--s-c-al sy s t en s -. e--r s -v i r -c ror m: ent  is s-i
p s - ’ o b l e - - r m m , a c o n t r o l  led er.—; ir s - s - s - a n t  s - o r  t he  s u b —
ms- : : s t c -m  -.-:ibl be av ; - i l a b l e .

3. Cc-r ,-;erse l y ,  t La- c-n ’ : is -’ n r m n -e - s - ai g e r a e r - a ~~ed by ~ ho a s s - —
sys ’ c- mm , -ci 11 have nc-c ad’zermmc t’- is - u .n ac -t as s - m o e sys t ems - a
or c s - h e - - i -  s n b s y s t e - m s - i s .  A i t s - , r - n at  I’ . ~- I y ,  th e  er ,v I r -n ’a—
ms -me -n c - s - al irrmp s-s-ct of the s’rt;systeno can be sos-strolled
b y  a p p r o ; - s - ’ 1  m s - n e  s - - a o l - s -coil s - mm - .

4. D i s c u s s i o n

ice recognm i:e ‘- ha t  ‘ ho  c r c - lA o - l I n e s  ar- c- n ‘c - a s p La ~‘; ; ly,
a l t h ou g h  we have  a~ 1/ c - c l  ISi s-c- nc-c- ‘ a see-~~ra1  c - s - n c  a ( c o  c n i s c , n s - s ’c - -f In ,

C ha p t  c-a’ i ’) as-a c-b t h e y  0:-i c’s - a r  to  b e -  u s - c - s - f a d .  l ’  is - a o l e - s - n  s - iO n’ ‘n’ “1’

i’ i~~ U i I ’ e- knowledge-a l  ‘s- c- , s - b I a s e d  j u ’.i grs - . e - n t a , i f  - ho —- ’,- s -o re h - c ,  I r e
s - u c c e s , f - a b l y  u s e d . *

P1-m r-c--ov er, ‘h e  r s - i l i~ any p r o c - s r - c - s -nc ma t  syst ems - . h a s  a b u l  l’ — i

bias  aga ins t  i s -  s- s - i -s-- mac - n ,  L-r ,t  or e ar ly Ie’-,’elc p r -m en - h - . h - s -  i c - c - e r ,  i -s-- s-a t

d c - v o l o p r . e n s - t  in  - J i s - n o u m m - a s - ’~-d by  a l a c k  r f t ’ s - u r , d in g .  I’s-c - h ay - -  I

ta le  in i r . t er v i e w s  t l , ’ -s - s -  it is a l s o  i l s c - -urag - - i by  s - l a o  I i f f i , -u i :~,’

o f g e t t i r a c -  p r eg ra s-c -  nc-ann-ga--i’: to accept develcp a - A  Itcr ,s h- c r - their

systens. h -ma ch a d i f f i c u l t y  is - a r s - r c oadc- d by  th c  e c o r n o r n , i c

i r , c e r a t i - je gis -er . to p - r i m  - cccrmt r’ac - os--s t o  d c - - s e / c - p  ma -s-n -. i t e n : .n

-; In s t ea d  of u s - l a g  e x i : t i m , e  c-n- - a .  The cams - c s’ c s - c - i o n  p r o s -  ide -  l it  Ia-

data  to  suppor t  t h e s e  s t a t e - r e n t s - ,  b u t  s -hey  a~ : ear-  t o  I c - -  c - s - s - - c s -

is-as- ressiorn; s m ;, s- , , r - t c - -  I c - v  b c -g i c - i’ 1 n f e r - e m a s e .  ~~f i t  Ps re-al ,

h - r , i  s b i n - s  h’ s - n : a d -- le ’ c - n - / o u r  e f f ec~ or, t h e  cos~~s , operabiI.is -~
a r e  t i m e l i n e s s  c-f m aTh -n “ . 11. m ilitary systers.

*C h a p ter  V d e s c r i be s  c - l , m a s - i m n n  as t h ey  were ;c e~’c-c-lved by ThA at
the  t i m e  -of  s--n” .it i n r - t h i s -  rc-por . ur’ing ~}se c- corns -c of t h i s  r e —
sea rch  p r o j e ct , some of t h e r e  prc -gr ’ annr  c - I c - a r c e d  I s - ,  s i o r a i f i o s - a s t  w a y s .
I-Ic -n ec- t he  f a c t s  ar m w e l l  as t h e  so n c l u s i o n s  r e l s - -t i n c  to  s p e c i f i c
s u b s y s t e - ms ms - ma y no lonr c--r h e  r i le s-a n t. ~I ev e r t h c - l e s s , n-i c s-~~r es s  s-he
purpose of Chapter V , which is La i i l ur t r a t e  t h e  m s - c - t b - - c ]  of using

4 t he  guidelines and no~ to press-c t an assessment  of these ; - n - c o r - a n s - m s.
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I mn a -- : i e - u ,  a s- ’ s u b s y a t e n m . m : a s - c - s - I  c - c - m s - c - s - n c - - s -I a S c - s - c - I s  t o

c s - n  - t a l p ’  n - s - i c - s - n  s- h- s-c- s - - s o c - u s -  i s - , g  s - m c i - s - i  c -c  t ic - i -m e - s  ape - c ’  i ’ s - I

‘. 0 mr s-b-s-c-c- i s -  l a s - s - n - r e m , .  i c - v o n .  s- ::c , rs -e - , I t rs - s - m s- n - c -  cu ir ~- a a s - . r c - n p  -5 - - s - s - c -  s-il

, c - i s - 1 .  t e c h - n - I - a n a l  and  n . n - o c - n - e r - ,c -- r ’s- t r- -c n: . :-oe - n c - c  t o

- b e s -h e  s- i  m s - c - c- - s- u - - c - I  n c - a s -  i c -n  e - f f o r ’l  The d e v c - l o n n s - . c n , ’ a m ,  m s-e - -  c m ’

a s’~~ m n - r m m r - i i c s -cc- i s :mi n c o ’ u t e s - -  -d o - i - e n d  -‘c- n c — L a s - s - i s - .  i ’ s - n - - I - o r ’s .  To- a l a rg e

de s - nas -  s -L e o’ .b c - r c r a . i  cm. t.h-.s- o n ’ v s -s - r / z a s - i - m r ,  of  s- i0’ c - ’ c o - a c - i s - . g  n c r - s - - i c-c-

s - s - n - i  s - h e  a t t i t u d e s  or ’ t he m , r - c - s- s - ’ n - r  s - a r - s - s --e r ’ ‘- c - n i - l,c ; r -  The- c- - a-s -a—
t re s s - c - c - -, : - cn ’h e- r -  s - b a n -  on n b c  i n t n i n n i c -  n - c r - i t s  o f  s - s / n p  a s t a r .  s - —

ar-c-] i t s - c - n a. The s-’s - r -n -y , t s - s - r c u c - T h  it s c - c : r mm. , s - c - d i t s -  o om mmc . s - r A  u s - n a’ o n. ,

seems - , s ‘mc - l ,a’c -e — b : cc - b e st  cr’ am m ’, I .m s - s t  lo t ,  h - c - - : ’- r s - c s - s - C — i  i r s -- s - s -s - rn .  c - - c -  rci—
i :atic-m , . Yet , c - c - e r  ‘s - h - c -  A r t y  has. m ac -  n : e t l a - a - s - I e -  n - mac  or  s e - h - e m s - —
I ra - sui s-s- p ’ s te - n s-. s- e - r . c - i  c c : . r p c n a e r s - t s , c -n - e ’ :e nu  s € - l s - c - c - t i n , c - ’
a r - e s - c o  , i s - n  ‘- s - is - I c r  s t a n -m a r d i  z n - s - l o s - .  ~. ff ’ cx ’  a nc- Pu n P  ci 1 € ‘ - n o : - ’ run’ c - s -, -a- a.

Lbs - -c- m l t ’ fi c o it i e s -  s -cr - c  s-aui t . i p- I t i e - c b  s - s - t r , ; h - : l u s -u i r s -  s -h e  - s - ue :c -s-~~~n c-f
c -:.- mr-. c-r uoa l i s -n y b s-c- t mce er r  S u e  r-’,il i ta i ’v  c -m c i--i i a - c - nm . h - c s - n -  In -ac- s--s a i. e ’- s - i  c - i ,
unco ’,s -e r c - md o s - i s -  t m-i c- a r - on -  s-i ic-i w h i c h  or : ar c - c-as- s- is - s - c- c] “- h - f c c - s - n ”  s- -c-- a c -h i s - - s -c -

cr ~~ s- c~ cc a- 10 15 ut~ c ri e — —  c

A IJ’,Su b? (A i r ’  s--:un l h - l e n s  T-ieq: ni ’c -c-mm. c- r-n t- a c-n-I L cos- cile”-r e - r: c - r , t  ) c’s - s-’s- , mm I t s - c - s -c

at  s - a c -m e d c - s -  h - -Lb i - c E , i s - c -  n c ’ s --:; a - i s i s - - i c -  i’ s-- l n a t e x ’ s-s- e ,s ’,’i “ c’s- nc-aur~i t i - :- n s-c-

s t n - n a s - 1s-±r ’d Lan - s  I o n - .  Sc- h - s - n  i t s - i  eff o rts s-c-err h-c- Ira ’ s - c- re . s - i n— eu

— s a c - c - e n s, d e su i t e  th -~ h -n -ct . t h a t  i~ ian-s a c - cc -na a s-h - c - lr i :s - Ia--r t le-:el

at  t h e  I- e s -n n : g o n  f-a r- m : .o k i  s- .g it s  r e c c s - n s - : e s - a - a i n - s - i o s - r s  ( F e f .  i F ) .  I Ic-c

FL IR  s t a s - : d c - r - : i i s - : s - n t ’ I  - r r m r o p r a m n  Its - s - s-s r e ac h - c - c] an  “s - c - c - s - a r c - c - - i  s t ’ s - s - u n - -  I - n . —

e n - u s c -  c- f ’ t he  s-~~c h n m I - 5 n - i  cap -a t  i s - s s -  p’ , r-rc- l c r u s s - o n a l  s t a r s - i c -  c - . s - - n —

c c-rer :erat s- - k i l l , an-a p c- n’rmis t c -- ua a ’e oh- t he  Ar rs -’mps ’ s-- L i g h t  ‘:~~~~ c--~
L a b o r s - s - c r ’ s -  ( se e  Ap ; - :nnci i s-n F )  s- c-n - :] I: - - c - a c - s e  of t h e  st r o m :j ’ . Ir a c -b  i n s - u s -.

h- i CDD1~&E.

G .  S U O C E S T I O r - i s

1. P r i m a r y

A~c- a o - c - n s e d m ; e n c e  of  t h i s  s 4 s-. n- i , we b e l i e s - s - c  t i n a ~ s a t - s r  s - u r n ’  I - - i

b c- r c -n ” I ’ rc- c s-co. b. c u s - r ’ i ’,— - - n f’ r os - m t h e  c - - e l e c t i v e  u .s-s- c of ’  e-s - m n - I a ,- d c - v - s - - l o s - —

A n-- ra t , s - u - m e l - e m ,  i - - r . t n  - I - - V e - i C - f l f l  e - u m t  s-s- u s - c - b s t o r , - .’ n a r d l r m a  icc - nc -  o f  s -u t  n p ’ a t e r m m r
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Ih ’ve s - ’ t h , s - s - l e s s  , au - - I  a u se -  is not a p a n - a - c -c-- t I m e  r n b- i c - r n, n s - h o o t
af ’ f’ e c m ,. m n i i J . i t a u y n n o ’ -~ u’cc r s - , - - m t of is-a 1gb t ’n ’n i :u :o l s c - -I - V S I/ s-- I - :- n - .s . h - o n —

s.iderin~ t n - c  h - i r n i s - a~ i c - s - na s-nd , : — “ s - r ,- t  ‘I mem s - , s -b - :- . c - c s - s - , s - .  r n - a / a s -’ Os- ’’; m o a t

of t h e  a v m c i l m I b - l e  is-c ’ a , ;‘ ,‘ - - s-co/ps-c-a ’ t h a t  -IP-DR&E r s-~cri s-~~’,
, h s - - - g u i - s e —

u s - s - c - s  oC h -tir- - .- I i r a  t h i s  a t s s - i v  w i t h  a c i ’s -  ~ c’,-s- s - s - s - ’- n  v e n ’ i f ’ : I n s - c - , s - s - , cs -d I —

h - s - - isp,  s - s - ms - i  h - h - -r I n - p l c --ms - s-s- ma ting the - s -a . P a -- t, ’ - n S  ia~ ls - .p. l ers - c -n~t - as - i c - s - ,

a c t i o n s  s - h m s -s- n’ s- i - - ‘ m t be s- ir a- i c c - n ’ s -  s - i - - na , w i t s - :  a. f i n , c-l , se t  a t ” n’ s-s- i :-il, I s - s - e s

a . Use of G u i d e l i n e s  by DD R&E. Tb ,r”c -aj .  it :-  o n- - e r a  s - .
.n- I’~~s-’O s-’ :s-: or d i  s - m ip s - re v s - :  sub m s - s - s - I c - s - s - n  des-el :  r s - - c - - m t Fle I- &E
can  es -a c ;u ra gcn -  ED , s - Pc- , an -i  s t s - s - r c - a s -,m m n -r i :a i , i o r .  oh -  s-ca b s-s- i s-: —
t er r , s - s - :-:hen ~p ; rope” i s - o s - — - . l I r e  ~u , i d e i i r t e n s -  c m - c m :  h - c -
as s-i b a s i s  for d e c i d i r a p  an d  c -n c - o u r - s - s -p i n g  t h ~,- e-arle
devo lop r ’ : s--nt  au , -:I s - s - a s - r .m i ’s-r- i i s-s- ’a t iora or ’ s - - m h s - : a t -  n - n .

b. D i s s e m i n a t i o n  of G u i d e l i n e s  to S e r v i c e  D e v e l o ,pne r t
C o m m a n d s .  The i ro it ’iat i-c-c f-a r- s u b s - I - n - c - t e n ,  -i c-co elo r s-- , c - - r , s-
o f t e n  c s-ames  f r -m s-a t h e  h - e v e  l s - -pn c - s - e r c - t  o - ‘c- . ands c--f s-h-:-
s -r i l e s -  s - s -n y sc -o s- i c e s .  T he r e f o r e , t h e  gu i - i c - l in a c - s  s-h
be d i s - n --c - - c - s - s - n i n , a t e d  to  s u ch  s-c - c’ ’ ands  h - c - n  c o m m a s - c - - r n ’  a rc s -b  s - s - - u —
s it - I c -  u s e .

c .  Use of  G u i d e l i n e s  in the  DS A RC P r o c e s s .  T h i s  p s - - a c e s :
initiates the dev ’ns -lc- s-s -s- :.e-s-:t of a s -u s - h- cs-n sI/ s - s - t e n - .  Sc-n ’ i t
is u s u a l l y  t o o  l a t e  far  i t  s - c - s -  b c - c - - c - c m te  i s - ,v c - I v e m s -  s - na
early— s vel n~ dcc i~~r~~ o w c - c - e , cc-

R e v s - s - a -c-i I an-a E” ,:.cs - R-h- 1-ms-c ’s-ne w II ar-c- - o m a n ’ s-s ea s-c-n - h c a n - —
sider-ing the use of s-ms - s - ilable s - n - b a y s - t e n - i s -  v~ s - s - m s -s-c- a s -h - -
]‘s-’velos-s- .c-’r’n’ O h -  nc-c s-’.’ a-- oc t n c - s - a s - c - - n c - a s. To h - h - c -  e x t e n t  t b ’ s- a s -
t hese r ev iew s t e n s - I  o favor ’  des- ’ei :’peaI sys~ e-r’s- n , ‘,h e
s-militar y sc-nv] c-c-a- should s - s - c - s-s- n c - co s -,eag-an-s-r t u m a l e r ’ t a P n e-
t h e  e a r ly  d e v e l o p s - c - e m s -h -  of i s -u t - sy st  e-ns-n , s - -s - Ir s -c - n ,  ~n h e v  n ’ . - - et
t im - c -- r P I l L s -  c o n d i t i o n s. Ac c - o r - i i r .m / i s - ,’ , s-- P c  L ’h -/AF .l s- ’es--’i em- : :
n - is - - bc - S .  i r ’m d s - t c a t e  t he  -i.e sir ’a h i lit . y of h a s - i r a -’ dovc - l c-n -e-h-
sc- s-I’ s - s - n - -S ens-s-s available , c-c-her oc-ndit ic-n - s are favors -c-b Ic - .

d. Er~coura g ement o f S t a n d a r d i z a t i o n  Efforts. .l ’ub- ::,’s ’s - - - s-’a
st- - rTJ-s- n’.iis -matio n does root ten ] to occur , c-n-less a
cc -nc -m r -et c -nt , pc-s-server i s - r e  or’r. arcizat ion is ic-aim s- - -

effort . Accc- r’dir gl ’,’, subsystes -; st- -a r a d a r - A ]  zn - ’ i s - ’ n
a p p ro pr i a t e  s - s - c - n i d e I i n e s  , s -m ig h t  be e n c o u r ag e d  b y  d e s - —
ignaat ‘Inc lead o r g an i z e s -  i-as- ron (e . p .  , s e r v i c e  laP or s-s-t cs - - i  -c--

or ~-recarement n-gene I es -s-) in each area of in,r c-s- s-c-nt -an-s-I
cr -a  vidirig spec] h-ic program fha n d in c - p  h - c r -  ,~ s-~st f i  c - - i
s t s - s -s-, s- iard i s - r m t i o s - a  c - h - f ’ s - r h - s .

2 .  S e c o n d a r y

The -  f o l l s- n-s- i c-mo s i n g r o e c - t i c a n s  c — r , c c ’ r - r s -  as-me ets l , a s -  : I n h - i n ” — o i ly

affecs- s : ; b s y u t e m s -  de- ;c-lop s-s-enm’n

m- ,x v i /

‘1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::: ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



s-i, .  i-n c-- s - s - n - l o s -  a ,u v s -rs - n - n -e- s i n .  th e -  s - t a t e  c-f s-h- c - ms - c - ’’: , c s - a n - i n - c  am’,
-n , ’ i m m e c -- r ’ i n n g  c - e s - a i m mm - c - n - ’ , n o o n aly  one nds - m- m o a ,o s - s - ’ mc -s- s - h -

o h ’ c- r ’ -s-~c s - -  n ’ s - s t  i c  . If  s- c -v ’ s-s-c l a - i s - - c - r n ’s-- i d a m n ’ s - - c - s - er ’] s t i e s - n
a s-ye b - c a n s - s-:- m -on - a tn ’n- t ed h-,-c- i-; i Jars - Ils- , ic- s- m t n -cs -t in-  t he
a mm ,e icc - c - of mm s - s - s- c-i v a n - - - , roof oh- h-c’ o-a n , .- c--pt :houis-i
c - c  - l e n s - m s - u s - i c - s -- n b c -fc c --n’ s-- en s-’; P s - m e - e s - ’ ]  ra, - - -h -e-ve I r m s - . e m s - h -  is s-s-ms - s- s -en -
s- , a k e n .

Use  m a r ’ - - r e a l is t i c  -i ens - . -.’ n n s - n s - r ’ -s - t  l i n u s  of  c - o s - c - o r’ c-h- con-
c e p t  b c- s - h- s-c -re a c - c c - ; - t i n . ,.~ a r n e s --: s-s- u b s y s t c - ’ r s -  I r a  s-s -n - er ..
ne c-n-I n-c’ des---c--lnopment

c . Inc -n ’s - - s -s - s - c - - c s - ms - s - p  l o s - s - s - l a -  c s - n ,  qocest Ia s- c -a of n e l l  an I I  ‘ ;; an- I
avs - s -i 1- c - iL -i l  .1 t y  at L L A I * P’ I I I .  Ira paril c-ala :- , n - h - t e n —
ti c-s-c she-aId h- c - ci vc - c - rs -  t o  f c ,n m : u n ” c - s -  p / n - m s  fr s- r s--c- h at- i I—
Is-V i ns -a i ’c-vc -r s - i e ns - t  a f t e r  n y s t  m s - n - . op-er-at -ar , begi n -s an-A
i r s - i - a - n - e n s - - l e n t  . c - s - s -ip’ es -n t of s- h-c-- nc -c s-c less-i, oh -  s - -he in -ra n
an-A the t I ’c :SP eCts  f o r  t h e i r  s u c c e s s .

d .  E x p l o r e  t h e  o s - s -p - c . r t u n i t y  t o  use  a l e a d — t h c - -- f c- r -c- e
p l a n s -  to p r - - a - s - i  ale PAl-I d at r ~ , b c-h -s- .rc- d e p l o ym e n t  of
t he  -next lO s - s -s- i or ayst s - cr m s - . If the plan. is nc -sc -i,
carry i t  ‘:hr ’ough moo cc:r ,n - l et  i s - m a .

e .  F x o m s - - m n - e  t he  t n ’s - s - a c - -s - c - h - h - s  Le t w e c - r c -  h i g h ly  c s - p t  ins -  i z a - -an
s u b - s v s - t s - s -ms - s - s -s -n c - . s u b s y st em s - s  c - a s -  s-s-t ic - of ’  t c - m - 1  s-, : t a i -
lored f - a r’ n ’ s - b u s  u ses , p a y i n g  n - - c t  I - : , i a r  at~ s- a - n ’, —
S i  o u s -  t o  n - ’ s -c - - ; ± u s - ’ t  i s -nc -- c -nc r-m i s - m e n .

x x v ]  I
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I .  I N T R O D U C T I O N

A .  O V E R V I E W

C u r r e n t  p r . ’- c u r - E s -s-uent  p r a c t i c e s  is-. t he  U . S .  m il it a r y  se rv i ces

disce- u r ’age th e -  e n m g i r s - s -  c -r i n g  d e v e l o p m en t  of s u b s y s t e m s - n. , e x c e p t
as s - c - r s -  of a to t -a l  s y s t e m  un - d c - c - ’  t h e  c o n tr o l  of a s y s t e m  ns - n amaa s - e s - ’ .
l it t l e  s u b s y s t e m  c - s - -, :ve lcpmc-nt  tn-Pea place urnless there is a “h - c- s - s -c-
f o r  i t .  h -h - e s - - c -  are e x cc pt i o n s , n -nd aor r , e occur  ar c -c s- ,c ’ s u t sy s t e ’n ’ ,a

s-ha t  p c - r h - s - c - n - r n  c e r t a i n  f u n c t i on s  w h i c h  are c l e a r l y  cc. nm ,rn ’s - c , n , i . c •

co n - s -n un -  i -s - - s - s - t i -e s-n , r,s-s-v icrs -t i on- , sen-s i s-u s - - , -s - s - s - nd c - - n m ’ : p s - m t i n g .  Ps-i t ever,

among s u c h  a p p a r e n t l y  common f u n - n ’ s - -l ao ’s- a- , t h e re  is an ex c e s s i v e

p r o h if c -r a t  Pc- n of e q s - m i p s - c --s -ra t t i c s - s - h -  is  d e v e l o pe d  by or h - on  n - s- ins -c - c -

co n - h - - rn - c t - c - - s - s  to  p e r f or m  t h e s e  s- u r i c -t i. - ras I, n- c l  n ’i~: s- s-us -n ’s- as - -.
S o m e t i m e s , a n s - c - u b s y n s - - t e m  t ha t  has bc - c -n  developed for ans - s - -  sI,’stc-c-s- .
is a d o p t e d  for  a n o t h e r , but  tP s- tn i”e is r,o c c c - -m os - m is t e r c -t ne c - h - s - s -m s - I s - m s - n
Lv  c - - s - h - ic - h  t h i s  occurs.

The l a t e s t  DoD d i r e c tiv e s  on ac ajui sltic -n prov ide brie-f

s - n c - n - S  ion c- f’ s u b s y s t er o  d e v e l o p m e n t s .  i-:c’ q u o t e  t h e s e  he re  - n - s - s - i

t h e n  d i s c u s s  t h e i r  i mo h ic at  ions for  t h e  v a r i o u s  c- s-lte n’ m ’: .c-,- ’:ives
we consider in t h i s  s t u d y .

Directive N o.  ~O 0 O . l 6 , daat- d 21 J a r m u ’ u c - ’y  l97~ ( R e f .  I ) ,
d e s c r i b e s  t h e  m s - a l - n c - u p , d u tI e s , an -i cn s - u ide l i mc - e ’a- h - c r  t h e  E s - s - f e n c e
Systems A-o -~u m l i i t i o r c -  R e v i e w  C o u nc i l  (DS1-. P C ) .  D n l y  two  s - s - n at- s

irs- t h i s  d o c u m e n t  n - e r m t  ion su L a y s n : . e n r s - s  e xp l i c i t  l~/ .  These  a r e :

Dfc- ,-PFC I (10). T h e  s-ts~s- o f  ~n~r r e n m . - ly -r :’ cc- s-I iba ~ 7- -: s u b —
a a - m s - a s -  ton’s-’ v e r - u s  h-er ’ s-c l~n’mp r - c n ~ oh-’ n e r s -  s u b s  n - a - t e r m s, has

b e e r  or n c - f / i  b e  s-a —n ’c - s i d e r e d .

b.~A Pc - I  Ii (8). ;-‘hc a pp r o a c h  f o r  s e l - e~~r~~on o ” rn -a , ’ or
m - ’ u 7  s- ’y c t e r n t s  h-c- s l i e n  -a ~cc-ar’ s-s- p er ts -f ’ne d anJ th e  p r o —
p r-a ’-’ ~za s  . n c - r s i s - i E’mr od t h e  ‘s- s - ac  of  c r u r r e n t .y  , u t ’ s - s - :  s - -c-i :c-
c u L - a y s t c - r ’ ’ s - ’ e r s - u a  is -c s - a c s -c - ’:/os - ’- ” n ’ n f  ( mIa ..’/ u J c n g  t e s r
;~n I c m o s - o r t e q c - s - : s - ” s - ’ n t - ) .

~
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C f  course , t i s - e r - c  are  a nun s-be n ’ of other guidelines in this

h r - c - c -h - l y e which Imply that cous -side rat ’ . s- s - n l s -  ;U l s - i  be u s - i s - e m s -  to  s ’ s - b —
sy s t -c - s - r n , s , bu t t h s -~ ab s - c - s -rn ’  s-m s - c ’ are the  cr . ly p laces  n- s-here s u b s y s t e m s - s-s-
n - n c - -  m e n t i o n e d  e x p l i s - a i t I p ’ .

S u b s y s t e m s  ‘c - r e  a l so  m e n t i o n e d  t w i c e  ira  t h e  Do D In-ns-tr’uc tion

on Se lec ted  A - ; a u i s it l o n  Rc -p-,a r ’t s  ( S A R )  h-c. 7 0 0 0 . 3 ,  i n - t e A  Oc tobe r

117° ( R e f .  2 ) :

B. 1. P s - -o n - - r - s - - - s -  1/f h1 f , -vk ts - s .  B r i ef l y sne n - a rf ; : e th e
b’ s - / s - m [ f u . n m n n : !c s - ’e / o s - s - ’ enc’ s- h - n  the pro~is-’ m ’ s -  c - n  udi,op
the  c or r e c t  s t  s - t u s  c -f  s - - c  l o s - e d  s y s t e r ’s - a c-s-c- cA la- p a-u -I -
S~’ s- ’t~~r ms , e x c ep t s- ’or tic -c -se ccr -~ rocI b y sepa n s -’.s-te ic-,- ’ ;a - .

C. D e a I a m L . m c s-i. ,7i,c- c c - s - s - c~v

pe r .on ’s-; s - s - nc - z / T e s- r c - n i c a i  C 1 s - c z r a c t e r - i s t~~cs . Th c s ~-
ch a r  r ’c z c t e r i s t h -  cs - c - a re  to be g r c -u p e cs- ’ as “cs - e r - n  s - h - s - a s - c l  ~‘

or “t ech-s -f  n - s - i .  “ P h e  lA s t  choz .~id s- h -s- an’ li-h-c ohs -’  c m  c - i - s o —
t~ s-’ r f s s - h - a - s  “cr mc- i n f h PJ’ P t k r - s - r m 7z c- / . 8  e s - m a o , ~-rh - cco ~-a

e I - .- i ’ n ’- .a c - s - c m  r o a / uf r e r m e n t s  a ’s-’ th e c - ? Of l t 2 ’O o t , n’ v- c-s-z n n c- c- A:~ i
s-k : n - , a -  c - e r  h - m s - h - c s  p e  S a A s - c - I s - g  to l iv ’; a - u i - s p a - t o - s - c ’, ~ c- h-
-c - m o m .- o t.s- s-~ r s - h a r c - z a t e r ’i s t - n c s  o o r s ’f ch - oc ’e- l a - - i p s- ’mi f -f c c . z - c - c-

A r--’-n ~s- s - r at-he t mn te r s -.s - i-et at ls - ’n - s - of t i c - - s e  s t a t e n s - , c - - n - t a -  is h - m s - - s- s-m

s-he y rca. ‘nni , s - e the existence of , and n eed fc- r’, subs~~s te rn s  and
c r - - r b  de i n s - t r a c t  jams-a t h a n  the;- ; ms - c  c - o r c - s i i c r e d, but they A c- nc- t

c-on-st i t ’s - o s -  -c- a ~ c - l ]  c -p “or c s - - r i  s-v a r -  i n d e p e n d e n t  d e v e l o p s -n c - c s -m t  of
s ub s - .’,’u n - ’ s-s - s - s - s

Of t h e  var -i-, us recent pro c-us-en -ens-S docun -cn -t s t h a t  n-n e have
s- s - c c-n , on l y  one s - c - s - s - I s - I ’ S  ex o l i c i t  p o l i c y  g u i d e l in e s  fo r -  tic -c - Pins -i s

of s u b s y s t e m  d e v e - l o p - s - m s - c - n - s - s  we d i s c u s s  in t r a i n  st u s - s y .  Th is  is
th e  r - c - c e m , mo p u t s - l i ’ s - a s - i c-n  c-f t h e  O f f i c e  -as- I 1’Us -ncs -~e n - e n s - t  n - nod Pus-s-iceS

(Oh-B) arm the sn-b ¶ e’c - t: 1-baj or ’ S y s t e m  A c q s - o i s  it  ic’s - s -a s - ,  ( R e f .  3 ) .
P an.ac r s -’s-c- p h i l_ _ c- of this -dc-current s t a t e s :

i s - e v e  ic - s-- e s -  t a 5 s o b s s - s t c ” s -a’ t h a t  c - i ’ m  c - h - c - t c ’, ., i e s -f  .f’ s-s-— r
s - , ,’s - - - h - c  .s - ~~~:Qr  a s - s t ’ s - l I  s h o u l d  be  r ta ,n t r ’~~~~e f  ~‘c-
L o s - s - m a- s - k - s - n  f a  I l y s- ’le a - h - q s - e’cm ’ h a r s - s - c -’n i c n r e  u s - t A  7- t he  su~ —

a -s -s tem is c-I - I c n t - f f i o - s - L  as  p as- n-’ t o f  a s s - s - s t c ” s -  s- c -n ‘ c - I—
f o r t e  t s - s - ms- t ha :’ L ees -u a - e Z~~c t n s - J j ’cr ’  f r~ I Z — .- s - s - a 7 e  h - eve s- - p —

- ‘ 
o c n t .  E x c e p  t i o ns  r ’s - s - m b-c a n ’ t b c - n - a s - s -’s-? i- n- t h e  ac- s - s - e n s -
head h - h -  s -he ,c-ulacc -m ist er ’a - are 7 c c - s - a  h-: c - s - f ts- m’ ”s-’ i
that f m s - s - l f - f i i  a reco gn / zeA ge n es - -Is -’ ‘c-eec -f or / .

s- t h e y
-
‘ 

k - s - n c  -a Ycc- h ~a - o t e n t h - a Z  for ccrn s-’m on s-os- c a ”s - ocp s e v e r - c - s  -I
e x c - i s t i n c  or s-’u t u r e  cmc - c~~t c - c - s - .
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In t he  c -u s e s  we e s--n- c - m s - n i n e  hs-s-c-’e ~~h s - c - f I r s t  s e n t e n c e  of t h i s-

us- sideline has been  at - s e rve d  s-Itt high ccnsist, c-n -cy, while Sb-:-

second s e n t e n c e  has t e e n  h ac - o r e s- i  more In t h e  b r each  t h a n -  i n -
t he  o b s e r v a n c e .  As we d i s c u s s  hates -’ , t h e  s - c q u i s ± t i a c r s -  n y s t - a r s - ,

hs --c - s -  a b u i l t — i n  b i a s  n-~~a in st  fu l l — s c a l e  em ~s - s - i n c e r i n g  d c - v e l a n , r s - e r ,t-

of subsystems t h a t  rc- i iht qualIfy as exce l :ti-n 5 , us-n-c-ic-n’ thIs

s- gu ideline altiao ..n , rh it is clear ols - -s-t s-c-- a s-- h t i - s  is m’s- ’ c’sri-,a.- -d

Pr oc - s -n e x p h i  c i t  p - r - . s-cur ement  p o l i t y .  h e v e r - t n c  l i s-s, he e x C c -s- s - i
are the b a s i c  s - c -ut , l ec t , m s - s -  h-h- Is study whic~a -s-c--s-s forth gal -ic-line- s

fo r  Identifyiru s- such exce nm ti r ’n - s .

Corn s id erati s - s-mc- s in- this study are l~~rs-s- L~ ed to s-us- i’ oi- :at s’; ns - , —
ten s  aria c .. ; r c - , p o r s - c s - n a t s  s uch  as s - a s - o p a l s - c - c s - n, t~I~ a n n c -c-a, c-,ss:. ’ , r - . , s-c- s - a n - s - s - n - r i —

cat i ons , n -av ih a t  ion , a i r b o r n e  r s- c -dars - ’  , es -n c . , s - m ci ‘ 0  ss - - ’zel ,cc -n’ s- cs -ra s-

bey c - ’rc-d des -u . ~nst n-s - n m on - s- - n ’ fe c-s-sit Ili ty (e-ns- m i r s - e e r i r s - r -  des - c -  I - n - n ’  i ,~

Th e c s - rirs - s - s - s -s-’v V e h I C l e  for- n -n c - al ps - is is a s’s-- s-- Ion s- of c - as -ne ~~s - tu ’s - i  c - s - s-c-

of t he  d e v e l s - s - p r s -m e n t  h i s t o r y  of aiffer-ent types of s v s t e n s - a s .  Time

selec tion of’ sys tem types - for case study n-r s-s-.s ms -s-c-re or Ic-nc -s s - s - s-- is-~~—

tn -ar ’ s-’ , c o n s t r ain e d  only  t o  i nc lude  s y s t e m s  t h a t  r’epi’ems- .en-t all

t h r e e  military ser--ices and a range of different mis - si- ann . The

findings are based primarily arm this hln m ,it -c -d set of - s - m s - s - s c - s . Eat .

we believe h - h o t  t he  case  s - s - u  l i es  t s - a ve  h elps - -i s-.o I’ s - - c-us our- c - Sf c- ’ n

cs-na the esser,t Sal issues n ’s- s-le ss -m t to h-he cuoct i -a s- s. c s-c- han ’s-re s - c - - l e d
to  as-ass--s- er .

However , we c-n-at-ion t h e  re s - s - d -c - s -r t i c - h- s-s-s-c n c - c ’- n m - c - i - s - I  cc - u ’,’ f’ s- s- l I  S
sh ort of nm -u b star s- t i at m n - s - ; the findings w i t h  s - - c - - s - o f .  ‘-i-s - c - - : relate

t ’in - c h m n -~~s-a to s~.c- s- s- P i e  c a s e s .  P a t  b e c a u s e  t h e  m ans - s-s-s-n’ of c a n - c - s

is I ln . i  t ed  , we ha ’s-c uses -i our ,~ c - s - i  a - n - e m s - n -  i n -  dc’ s- -: s - s - s - ir s - i n-c” s-c: - 
- —

con- tan-ce and u s - e n - c - - r u n - l i  t s - ,’ of s- icc’ fins-Un-cs .

B .  S T A T E M E N T  OF P R O B L E M

The s - s - i  h i t sr ’v  services h a v e  s - s - c s - cohc n’c-s-Y s - s - c c - h’s - n  I s- ms-s-r f c - ;c - ’ e s - s - rI ; ;

developmce n ’-t of lon g lc-s --~ct is-,e sub s ys s -  -~r .~c- . I n s -  f ’ s - s - c t  , ac :c e :‘.a ’ or
subsys tem s- mm b oo ’s-ice ava iln-ble es -c-rip t i ’s - n’ , ,

s- -,,gh p - r - : c - e s : L n s  - t h s - . t  s - a i s - I , t
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h - c -’ C is -n - :- aCte r i - s- c - -s -n aS 1 c - i s - m g Cs- c- (’i - i e n ,tal. Ima addition , ms -c s;ist- ms - s - s - tic

s - c - es - h - c -i . s us~~s-- i  to se lc -u s-r c- s - s - u t s ’,s - s s -  s - -n - n c- t’,- m ’ n m t ’ s - ’, ( l ’s- s-; l s - ’ s - s - s - : ’

I’hs-s-’ t’o I i n a m n -~s- ps - ’s -iCt i c e s -  s - s - - c- v a i l  i r s -  h - h ,- a, -~ ’,’ ’nu h - m s - m m -- n t  an’s-i
a c c s - n i s i t i o - s - s -  p r o c e s s :  Fr ’ogram m s - u s - n a p - e n ’ s  n - m s - i p r ic e c- - m . t r - u c - t o r s

.un-uL-r ’,al-:e to un ’,-’ e l o p s -  c--s -hat is ms - e e c - l e d  for th e  51,- s t e m s - .  f-c r ,-,‘h-Icr

Oh - es - ’  s - n a v e  c- - e s~.-c- s - . n c - i b i l i t y ;  t h s - - c - ’~s- is m s-c c-:s-rs-nlstr’nt s -- s -s - s - ,  of a-sh ies--

s- na- c coor’- c - ’ na.s - s - I s - c - r n n- rc - , s-,n-; s- ’ progra m -c-  r s - nar s - a gc - r s  s-nd  c o n - t i n s -  n c - t o r n -  ~o de te r -

s - s - in s - -c -  -c ic e r o  c- - c - - s - s - i : s - c s - m s - a h i t s -  s - s -n -a id  b c -  s- s-s-c- c ib l e  a n - I  t -a-s - s-c- ’fic ial . Cc s-- -m -

s. s- amo c- ,c- I I’,’ , -,m cvc - 1. -c r ’ s - - n - c - s - s -h- a P a i s - . s - c - ’  I c-a -it  i s - m u -  i t  s - i s -, ,  s-s-ac-h s-s us-, air-

s-or’s-f” p’s- s - s - s -  : n- s-c- , is fu r s -dc- cl on us- s-~~e s - m n - i  a t  i s -c -c - s - a s - l i  . P u t  , rs - s - ’ st - t f t e m .
a , ls --s- ’ s- ’l s - s -s - o r’ n n t  is i n - t e n s - m i s - - i  i - s - s - i’ an spes-r ’ t i c  u s e s -. s-t n- j n -c ’ t i c”

,s- a - s t c - s - s - s -,s-s-s -e;-m -’s- s - s -.l u ecl Sn s-his study, c c - m s - n-caa . u sage  cs-- f s- - s - n s s -  s - s - t e n s -  i s - a

s- i casl ; i n n s - ’ i t  ass-, S -ms - s-s- il. rnrrangers-s-er,ts t~- s - , ‘I h -u r’.aintrs- ir, tials

S -mc - .

Th e se  p c - s - a s s -  c c-s-c- s o s - o h - c - - i t ’  s - s -s - c  t o  s - s - a v e r - -s -i  p r o LI ’ s - s - -n :

F oa r- h -i s- s- 1u c - - e l  i s - -s-h i lily of ss-v s-fur s-s., s--nh - i ~c- h ma;-,’ be
c-s -as -e s -i c - ’,’ o s - c ’s - s c  i s - c ’: c-cm’s - en -c - -s - -e s - nc ’,’ (s--s-hi oh reduces
s-c- nc- ’ s- s - s - s -as - ) in - v s - s - S - s - e n  s - s - In c s- i i ev e lon’ s - . -’- m t  of ‘s--he -s -c-s-n-
oes-s-. c-n , i r s - ’;e ic-c-nc -c-nt of It a; s - m O ,l c-a ” sub- s;,’s Is- on.

2 . ~
‘ cla - - -ims-h ’s slim -s- s -s - ge of ’ :s-a~ s-r s- s - - c - g m - ’ s- ns-,s , - s - a un c - s-c- mi s - p

i .n , a - ’Iequote s-a- c-’- I - m s - re dev e l - s -m - s - ’, -sn ns - of a p s - s - c l n-ps-,
s- c - -ic - ic’s - al s- ,nbsy ;s- em.

3 . l.’ m . : s - t i f an c ’ - r-~- s- s - c - n ’s -V m r s - c - n c - c  of an n-’ .,1 c--n’ sy ste m s- , b-c—
c - , .,~s- c-s-- of  t in-s - u  c - Ie -. s - ma - s - cy  of  u s - s - n ,  ‘s - -s - c r- h - s - n - h - s-s- a c - s - s y s t e m ’..
( in ’.  s-ms- s-n es-ctn’--’s - ’n~- n ’i ,t ncz r.i cs-r., s- hc -s- v n n - ’; i s - ’ c- dc — : e - I c r - r ’ - c - n -~

s-’s- ,r s - ’: s - s - c s - s - i s - n ’ s - e d . )

4 s- u s - c ,- n c- f’ c - s -c - s - s - p ‘ a - h - i t i s - s - m r ,  In  t i c - s -  s - c - i t s -n ’ s -  c - c s - m i p s - s - c e n t
s- c - a c - - u - . - - 4 a f t er ’  s - m i s -  award or’ h - s - s -c s-ic’-’a ,s-- lcr . -n’ s - s - s - n t  c - c - n —
f r - a s s -  c s -  i s - .l ti al bus-,’ . T h i s -  r s - l a c e s  t h e  ~ ca ’,’e rn—

m s- tn as s-he’ lime s- s-os-; of the sole s s -, s - c - ’ p 11cr as-ad
at ’ s- e ns- s--ens -n - Its I: , e>s- -s-es~a ive n - cs - c - n - ins - I c - i c - -n c C m ’ . t s

• ti- . Pro- I fc-r a ’ ic -nc -  c f  sub s s -,’s t e c ’ s- :’ ir,t c - n c - i s - s --i t o  ms - s - e r f ’- .- m ’n-
s - c - t n -l i s - s - c- ’ f s - s - s - s - -c- - “n - s -  , s - i t s-s- at t e m ’mcl s - c - m s-s- h i g h  n r s - ” i s - s - ,c s - t i c ’-n
c o s t s -  s- n ’s-s-cc-able to  sn- s- o i l  ‘s-c I ’s-ic-s- c- n-no -i 1c -i s-”h 10. I , s - t i  c-S
c - s - s - ts ti’s-cc -cabl e to n--s-s-s-’,m n -tem -cts -ars- m.re s-s-ab l i l t ’,

in tic s- , .ts-s-om”, m’s - - ” n - ms - n s-. i n-~ the feasibility c- m s - i  u s -  lilt - -

n-s ~s - s - h i m s - o h -  is -a g i s - e s - c -  p r r c - l s - l i ’r.n s S hi -i ,ngi , -,‘ c -c - r ol s-’ -‘l o s - - e l - s - c r  s - -me-n _ n of cub s’s - c - -—

t e s s - s  s - c - n , - ; n s - -,,s -r e  o n  p n ” c n m ’ l s - s-s- e , c -- ic - s- ’ .- an h In’ s - i c ’ s- ers-l s - —rh - i s -a ’;c-n- i t r s - ’ s - .- m s - o

4 an :ns- - s-s -n d a r’s- s-P:c - i s - n c -  o f ’  s ;1 s ; i s -” ’u’ , s -s - .

1.

a
~~~~~~
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;‘:e es- s-p icas -Is-c that a s - is - c - is - I o n s - to m s - o s - c  a c-ic ’s-cl ,-, s- ms - c -nt  n - - c - e J e c t
fn ’or s- a c i v a s -m c e i  c - n e v e l c l - r s - e m c - t  ( 6 .  3)  s t a t  s-s to  ur , s- c - i n s -e c - r i n s - g  tneve - io m —

nc -ens - ( 6 .  L4 ) is a s- d cc - ’  c n n - c - .  i h -  n - s - c - r ’ r s - n - 1 i~y is - s - i .  1 cc a c - c r  I h - m s - e s - n t  t o
in-cr-ease t h s -~~ i - a t ’s - -  c- f ’ f u m ,d irn ~ ’ -as s--s - e l i  as a rcs -s-, r . i h - m n - - s s - , t  t o  p r o d u c e
o pt s -r a t i n g  is - a s - - is - .  ‘ s - r e .  s-lice r -~ 

is -~ - m , ’, Sa l  ms-s- n- n i h -u s - is-s of h - r e  I s - c r - s - s - a s - c - s - c -  Sr .

f c c - rc - c - 1Is - c - g i s  c - s t  i.;’ , n ~ t e s - i  in Ta P I c  2 ’ ,-,’ s - , i c i c -  p r E s - s - e m , t . s- s - i s - p s -  s- s - c-n -s- icc e-s--,—
p en d i t u r e s  Is-, h - P l a n T  - ‘n - h -  e n e m i e s  .3  n - m c i  6 . 14 n’or t 1,c- I’ m - ms--s-c- I y ear s

1973—75 . The n,c-vs -s-ragts- P-cs- r .- r ’ c J e c t  in ’ -:‘r~ ” 1neer ’l r c -g c-e ’,s - -l Io I - r s - , c - s - s - s - h -
is- P s-s-s-cs-ed s-it a i l vel  s- h is-s-n ’ is  sr , so 2 • 14 f i r s - -c- s h - h - s - a f ’ .c- ,’ os- im o 1-’ cs- f’

ic- s - s - c ave rage  r 1’-o ’c- c - t  i r s -  a s - ,’c- n , - - c - n : ~c - c -’:c-Is-.ps - ..c - r s - h -. ‘liccs - ’.s- hIe s - i c ’. ,

s- .nbs t s - . s -m - s - t i a  v a r ’ i a f i u n - . .- s - s - - c n n  t h i s -- as-es - - s - s - s --c- Ps-c o t s - s -n’- s-s - c - ron ’s-n h - m ,c,

sc-rv i - a s-s- s- • T i s - e s - ”c- -c - n’ s-., n s-liso s n - L s t - s - s - s - ,’ 1 aS ‘;uan ’iah - is-a s-a s cs- s-c- cc-mg m ’ - : , ’ cu’ ’ a

T A B L E  2 .  M I L I T A R Y  R D T & E  A P P R O P R I A T I O N S , FY 1 9 7 3 - 7 5

Category Category F
________ 

6 . 3  
______ ________ 

6 . 4  S / I t e m
Total Ite m s SM T o t a l  I t e m s  SM R a t i o

___________________ __________ _______ - 
SM 

- 
I t e m  6 . 4 / 6. 3

ARMY
1973 4 0 8 . 3  48 8 .51  4 9 8 . 5  33 1 5 . 1 1  1 . 7 8
1 9 7 4  4 7 3 . 6  45 1 0 . 5 2  5 3 1 . 2  41 1 2 , 9 6  1 . 2 3
1975 5 1 5 . 9  46 1 1 . 2 1  5 1 8 . 2  4 1 1 2 . 6 4  1 . 1 3
Total Army 1397.8 139 10.06 1547.9 11 5  13. 46 1 .34

N A V Y
1973 492. 4 86 5 .72 7 9 8 , 3  50 1 5 . 9 7  2 . 7 9
1974 541.0 82 6.60 1029 ,1 47 21.90 3.32
1975 5 9 9 . 5  82 7 . 3 1  1 1 9 9 . 3  50 2 3 . 9 9  3 . 28
T o t a l  N a v y 1632.9 250  6 . 5 3  3 0 2 6 . 7  147  2 0 . 5 9  3 . 1 5

A I R  F O R C E
1973  383. 1 43 8 . 9 1  964 . 6 41 2 3 . 5 3  2 . 6 4

• 1974  3 9 0 . 0  39 1 0 . 0 0  9 2 1 . 4  34 2 7 . 1 0  2 . 7 1
1 975 5 0 6 . 1  40 1 2 . 65 9 8 8 .  1 39 2 5 .  33  2 . 0 0
Total Air 1279.2 122 10.49 2874.1 114 25.21 2.40

Force
‘1 Total All 4 3 0 9 . 9  5 1 1  8 . 4 3  7 4 4 8 . 7  376 1 9 . 8 1  2 . 3 5

S O U R C E :  Defense/Space D a i l y ,  October 17 , 18 , 23 and 24 , 1974.
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s-’ s - i s - o s -  l t f ’ l s -,- .~ n’ s- -n  rs -c -s c - s - - n a t s - i t i c r a  c-f t i c - a s -  c -’ s- ’, e l s - .-~ .r. -~r , h -  s - . c - ’ , C - s-s- , s- s - I ,,,

s h o w n ,  i r s -  F i g .  . the fl ’s-a-,’ I’m - m s - n’ “h e  1 c - s - c-~ m r , c l s -  ‘~~c - s - s -i s - n - s e  s - c  a
in’ c- n ’ ,is-c- s - ni c - - - -  s - - n ’ .  n c - m n ’’ s - c r .  c - - - .s- - -aoc -r - , mc- ‘ s - - S  en , s - ic r ’s- ~“ s- ’s- ’ s - s - - n a  I c - s - n.m s - n’

~ os-I rs - c- ,,s - s - ,  i -s- s-a t s - s - s - u s-’ -,- l a t  s - - I  t o  s - c b s - v s ’ s-- s-a s-I c ’s-- c - s - i ’  s - . rs - - - - n -~ . ‘limo - s-s- c i - c - c - i  si con
o oils- s ’src ’,-’hn e ‘ he: t ’ s - nmcuc - s -  f o r  s - _ s - _ i s -  s - s  m s - c - s - ,

C .  D E F I N I T I O N S

lTns -~r ’ s r s - o r c c -’ c - mnt D c - t r e I o p r c -n e n s - t  ( I D ) .  Dev-ll cs-s- s-s-as -s- r’: ’s- of  I ’  s- - s - _ s  o u t —
- 

i . ’, c o m a s - n - -c l  arc -s-s- i f , , n s - u i n c - s -” of s-i s-m s-s- s- or’ cs-c c-a ’ s - - n ’ .  _ c - s - s -s - s -~ . s - m r s - m a n a g e r
any s- I s - c - cs -  a l m s - n ’  s - i . e  p. s-’ s - : s -~ s-- ar s-a o f f i c es - s-,c ’ s  is - c ’ s - n  ~c-’ c- n - h - -a -’i ( s~~n t  —S ,f’ATS I I .
IV: an , s-c- c -n ’ . .j i :s-af i s - s - nc -  s-- s- s-p f Q l I - s - , w I L . .

i~a r l y  Te- ’s-” s-’ i~ s - s - s -s n - f  (ED )  . Is-n itia s- ion. c-f fu~ 1—scal e I E  s-c - - lop -

s - s - s - - n t  O f  I t c r s -.S m s - s - ion ’ to  ‘ h e  c-reat icrs- a rc - s - i  f a r .  s - s - s - mg of  a s - ,
ps - ’c s - g r - s - ’ im s - a  o:’ f i c e  s-and s- e f ,c - ’e idemati f ’ic -at ic n c f a c s - - c - c l f i c  n - s i n g
sp s t c- ,- s-.’s - .  2 ’ s - o h  s - ly ’.’ n - l , cs- c- j tc ’r s - t  would  0 c c - m s - n ’  i s- - f -’ s - u  Ls-~ A F- ’1 I n .  s - s - a s s -  ~- ns-

h - i s - it m s - r s- -- s - n c - c -  ccs  t n h r e s - m h o l s - i . I D  I s  s r c - s - -s-c- c c - l a s - ’ ’.’€ - , sin ’s - c s - s -~~~ s - c - a m —

s-s- ps-s- s- c - a . ms - m s - s-a n o t  b -F, a s - s -’- -J even  t h - ’-u n h  i’s- as-h- lu ’s-c- c-s -i ts d o ve I s - a s- s - - e n , ’,
os- s c - s - i s .  Ii’ s--c’ s-i s - c  t ic- en,- s- s - s - c - c - c t  i c r , c - it- s-i s - I rs - I an - - a c -  c- ’’a s- i ,  n. j  — ‘J s - f ’  s - n . e
C-nJ~ c - i  l ’ s -  - ,uTh s - ’  cc- s - c s- - e d  earl , i c- - c - ’

I l s - u s - , ’’ c - n  .L’c- ’;e1,:~_s-- c - c s - .  s - c - - e s - c - Ic r  s-_ c - -ma t of I or - n ’ s- f c c - c - ’ a s - - n -, ’

~YS’~ es -n , u: m , c-er’ m s - s - c - -  c-cs- n tn-c- I. arid d ic - - &ct j on ’, cs- f e p c-s-c- ’ ‘s - s - c-

ms - , -s - n ’, s- c - g e:’ . s - h i s - c -  w o o l s - s  h en  c o n n s - i s t e n - t  ‘s-c - i ’  is- h - h - s - a ftc - -s -’ nc - c - u s- ‘s - es - s - s  of

i m .s - s - ’ a p ” r n - n :- -s- 11- , q u o tes - n e a r l I e r .

l e c - i m n - — s - - l c s-’y h - - u . s - s - c .  Kn o w l e d g e  and c a r  s - s - L i  l i t y  s - c  iu ’,’e i Cr .  an -i

pr’ s - s - c c -  c - s - c -  s- s- c - il lS sn’y b a r - - c - w a r e .  R e s u l t s  fr— s - s -nc-. a l l  r -revi  .s-c- n’esc-’n-rcic,

as-c- I ieve .oras ,um ,tn - c - s - ms - i cr - c s - i s - a t is-.’-n  a - o h - i ’ s - i s -  ti e s- a h - h e  n , s - t i m.s- n - .  It

i m s - s l u s - I e s  I ’ . re i s-”m . c c - s - s - h - r I L - u t a  ons , In-soPor as I s - af-s - - r -n a s - i - o n -  n -cc -es -s

in s- a s - c --s - u n - cc -ic- s- s - sc - u s - e d .

s-i ’s s-,’ c - n - i  T e c h s - ,cli- s-ly Base .  In i t i s- i  :tages s- c - f ie’.s-O~~~p n’.ent

ac-t i r e s :  pote rs - s - s -  i n - I  a l t e r-n a t e  s - o l a f  is-n-s to a specific s - i s - n i  - ma a rea
n r c - s - i  (1. 3P.~ * . if thc -s-y are successful , m - s - s - s - s -r’D s-I l l  s- s - - cc - c - ed  to  f u f i —

scale er’,,’I ne~- s- s - n  d e v e l o p s - s - n e s - s -t ( 6 . 14) for cors-aplet ion. of deve lc s-s- —

s-s-e-ms- n..al s--u -or - k . [ s - s - fl ( .3 B  c-cork Is po sts -—P - s -s-s -PC I , if s-n ’s-s-cram ’s- is m ar -c e

P s - s - e s’s- ’ ar- c re fe rences to s-coD t m n i n s - t  C’ :’ c- ’cc is- s- .’ pars - s -p’ s - c - s - s - i s -  r . s- ur ’ t € -s - ’ s - .
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e m s - o n . , g s - c -  t o  s- s- - c - n ’ s - ’  I t  . f s - ’ . al i e s -  s--r’ogrars-s m s - s - m y i - e s -  c o t - c - - u ’ s- - - c -  hI ’ F r s - , - , ’c -’ n s - n - .

IP s - s - . c r ’ s - s - m , m s - s -  or i~ : a is -  i m s - s -~s- ~‘~l l IA R s - I ’  T s- s - s - s - s -c-- s- ,I c - s - - c l s - J s - - n a. I ce s - -, r’o ’
h i s - a l u s - i c  s- s- nip s - c r - e s - s -s h - c - t n - c - -c - m n I . s - ons - cn  C .  ~~~ c - c - k c - c-s - s - - s - Len n : s - t ’ s -r- ’c- O s - ’

t h e  c- -c -on -n is - c r c - c a  s - c - l i p  mc- - ~A a s - as - i  f e c l . m n c i s - s - g y  ui cn- s nc- cs- ’ sc-c- i ps - ’

d c - c - I s - i o n ’ s -  f c c - ’  f u l l — s - c s - c - I c  e s - c - g i n s - a- c- i n s - ’  c ie ’-.-elc - r -m s - . s - c - n c - t  , a l t i o m. a s -  i , os -c -c-

c - Os - c s -  lex .i h-p or ’ thu syste ms -. requ ires a iar’ge tec-icroic- gy s-rc’- ’~ or -  s-
, ’p e- ,

e.g. , s -- l a s-a s- ‘‘ er-f icc -s- s-i n-n -i/Cc -- Shorn-h- P s - s - I s - c c - s - f l  n - s - s - I L a r c i i n , ’ (V s-I t’s-’ I )

Cpc- r-abiII’m .y B a s e .  s -h e  i n m n o w i e s - i c - e  ar .ci c a p ab I l i t y  h - h a s -  len-cs-
t o  a c - c - e r  s - n c - L i e  n ’ L l i a b i I it l  , a v a i l a b i l i t y ,  arc- i maims - ta i n s - nbiJi ty

(RAIl ) i n .  o pcc - r - m c -t i. n’s- g s-s-s-n c - t e r n ’ .  P c - s u i t s  I r s-s-nc - . s - s - - c ’ s - l o a n  n’s-scar-a- h ,

deve lo p rns -e nc - t  , and t e s t i n c ”  t h a t  inc ius -ie qualification ’, t e s t in g  o f ’
c o r n p o n e n m n s , s u b s y s t e m s- , and  sy s t e n s - ms

-,I s - c - , ,s- s - c - n - r ’ c i i -,s-a__Ic-c . S c - l e s - s -t i c s - a, a d c - s -  o n - f h o n , c s - n’ s - ’  CO n - I l  f i r m s - c - h - ni  c c - .
of a s u b-s - v s - h - s - c - nc - i ’ s-- nc- . c - n l t a s - y s t e r  u s e .  i s -  rn-c-v f a l l o w  c-s- n ov f ’ s--s -c- o f

c s - i c v e l c p s - c - c n~- , tc-- -- s - t - i t  u s u a l l y  lo l l -c a’s-- I n - d c - p e n - - i s - n h -  d evel  s - - s - n ’ s -  m . o
h s-s-n-p is- s-: of ’ f . m ’ s - n , I ’ l t , s- ’ s - c ’c-c s-’ i c r s - , s-s- n ’ c - e r s -,’-i.c -a i c - os - s - fis - n s - ’s - s - s - ti c mc -

,cs-~d ns- p s -o c - i s -’ ic - s - :t ic s - L. If r’ s - - ’n s -  i’s-s a fcc - - s - s - al s - - n’s - s - c - so, i nc - I c - c - d i m s - c -

cc - n~nt em ,si’:s -s-- quali ficat is-on te ss - ’irag, än - s -.m s-s- s- s-s -i c-’c-auir s- c c - n - f r - ac - os - n’

q . as - s - l i f i c at  los-c-

Cu nn .n s-.c . a i . L t p __( n n u i f i s y : f . e rs- . cs-n ’ r ms - s-.s- ‘ - i n - - a )  . D c - s - c of n -n - s- i s - s r . . i n’s-

s-m . s- c - - ..- ts- h ’ , n ,  c-s - , c s - c - s - s t e r n .  c-c- ‘i s -c , i t  c-as-s-p f o l l o w  n - s - s -v s-s - -ode of i s-a - s - c -c - I o n s - —

~~~~~ 
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r i .  C A S E  S T U D I E S

The s - s - c - n - n - s - s - s - s - n ’  i s - ,  ‘ - u s - s - i s - i s -  t h e  v ar I ou s  subcs - ’ s-r O err s- consnide rec s  in-

t h I s  s Os - s - dy  ‘- c - e s - - c -  acquired ha sc , s - c -ma: ’ I ze . s - i  Is-i To L ie  I .  ILs-roher

- s - I e t a i l s - s -  ac-’e c s-s - i’ s- s- c - s - n  i c-a -Chapter I ’I T .  is-’, T a b l e  1 we s- s - ’a V C tn -c- s-a s-n s-c-
im a i l c a t e  ,-:hi ch o n ’ fl’s- c- a c c n a I s i h - i c s - m  meth cc - -ni nc- ‘,c- a~’ s-s-i -s- s - h -  as- ’- g l i c s - s -.Ll e

to  each  s u b s y s t e m , a lt h- c- c-c-gh in s -c -s -s-s -ne c - a s - e s  rs -~c- re h -h - -s-n one n ’s - a : ,- h ave

bc -en  i n s tr ’c c - ,m e nt a l  irs -  h r - i n -p s - i s - a g  the  s u l ’ s - s y s t e s - s -m  ir .Occ -  s-x i s s-’ cs- r .ce .
Ibst  of t hu s - c  - acq -c - i r - -s- ’u s -u b s y s t  es -as - c - s - s - r e  d i s c - s - s - s - e d  in  d ’s-h -aiI i’s- e l , .  en ,

s-~ Is-o r a s - ’  n ’ s - h -  s - c - o ar ’  o t n - s e c - ’ v c - s - t i - : n - s .  Ps-a c- a c m ’s- - c i n ’ i t i  c - s - s - c -  s - s - s - s - s - h - hoc - is s- sc - i ho ’

each c-f th e  s - m i l i t a r y  sc -r ”s-- io s - a s ar-c- ci cs- s-s-c s- ’I ’r c - d  ir,  i c - c - - i c - f ’  at  t h e  en - -c
of o h s -  -Sm s - m : n  cc- s-

A. A I R C R A F T  E N G I N E S

1. T - j r bo~~~~~~and T u r b o s h a f t  Eng i n e s

The ‘s- s- a  ~u I s l  t i a r a s- of s - -c - u- t s- ;r es  of eng ins -e s  s - -ne c - - c -  e x a s - n i r s - e d :

tn ’s -c T~- _ ~s - . T— - ~ 
s-’-s -h e  t ’_ c 

~ was I n i t i a l l y  c - a r , ear -I : ;  d e s - - e l - s -s - s - n o e s - co
c o n s - t n - n -  s - - t e l  f c c -  by s - i , c Ac - - my  I s -s - - c ir ,n s -no e Corps  b c - f - a r e  a s - p s - t e n -  ai€ ; s-c i c - n ,

r e’s- ,h ” - s - . - - n i t  s-as a c k n , c c -c - - s - l e d ged. The on ly  i d e r t i f i c a ’ I -  no of n - cc -n i

irs - t n - i s  s - s - a r e  was - s  n -ha t  t h e  Ar c s- s -s -c - w o u l d  nc - -g a l s - - u a f o u r — p l a c e , s- or’ —
s - i rs -u s-- s -s - c - were- i  is-elis-s-os-s-ts- c - r . About six rc-s-c’- n s-th s after this i s - s - i h - i r I
spec - I n ’ ica h- ic- c-c- , t h e  Arms - i t ’  dc -cl ue d t h a t  it nec-dc--i a n -or e  tc - cc - - ;e : - f m I

• en-nine , arc- -I t h e  i n - I t t ’ s - I  c c - c - s i g n  wren s-; s - c -r a p p e d .

5 s - s -~~s - r j  a f t e r  t h i s , h - h e  T— 5 3  e ns - cc - i s - s - c -  w a s  s-s- c c d i f l e d  SeVern- i  t I s- s- c - s
in h - -he c -our - s e  of i t s  user  s y s t e m  ( U H — l )  deve lopmens - s -  t - .a i n c r e a s e
Its power. One cs-f these upra ts-ings o c c- ar r e d  a f t e r  e x t e n s i v e  f i e l d

aperat icans , by the  1c r- ms- s-i , of a large ri ms - n - i n- c c - ’  of a i r - c - n ’ s - c - P t, c - -c -h ic h
i nd ica ted  t h a t  i n - c - r e a s --’s - s - s-i rower won :l-ai he s- -i c c - s -j r - a b l e .  I c - c - ’ t s - c - s - c - n s - t e l y ,

4 it was  s-cc scible to upr-ate the ers-cr i n -,- s-- witi’’aut ma ,~ or-’ s-new de s-c -lo s--—

ment . r
I.
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s- ,- c - s -c -s - c- s -c -c- St a nd , r d  s - c - S F -i c - , C -i 35, C - is - i ‘ - ( C ’ .)
c - - ,c - s--c ’ s - a irborne c orn s - c - s - s - s - c - F —Ic - , Ls - s -~s-n- , etc - - . (C h. s-

s - .  n~ s c - c - - c-
c s - s - ,  - s - - - ’  F s-s- 0 1- 13 , s-i C - i , F - c - , e m . .  , F

- - C - s - s - s - s - c - s - c -
Air -i po ’- - ‘- ‘ s - c e , ‘-‘ c ’ s - s - c - , Pers i i r,O I~~, - ,‘ (Cb . 1

ets - , ( c - - - s - - s-s- -s-s-s-~ s- -

M c s - s- v s-

- Di s - c- ‘ c - s - s -  J e s - s - : ’  ‘- rs- t 
5 T h second v s e r  of a S s - s - S v S t e’ ‘ S  s-c c-n - s - es -- es-

2.  E a r l y  s - j e j ,’ s- ’- c - ’ e r i t  s - - n  c~~,- ’ - i n h er i ted i t .
3 ,  s - s - s - d ep endent  s - c - , s - c s- -s-s -c - y es - ’ t -

4 , s - n I ’ - c ’ - ic s - i s - - - . s- c -c - . . . i - s -s - . ’ c - ’s - t  s - c - I  s t ,n l . s- s- - ’~’z~~t m s - s -s - ‘ [ ‘ ~ eis - t f or a s - a c - s - er  s- , ( s - € s - ~e y e  a c - s - v - c - s - e s  s-’ v i ’ r s-
s. n s - e s -  te d l e t s - s - l e d  deve l  s - c - ’’ , ‘s - i S t c - r - e ’s - ,  ‘,s-- t c - ‘ ‘ c s -

Chapter  c- c o n t a i n s -  q u c l c - - s - i n e  n - c - s - s  a s - s - s - i  s - e l  ‘ -

—‘~ ,r -.ew s~ h c s -- s - r e s - s ,
d ,~~~~~~c - c - , i - c - b e d s - C L  and D eve i o c - --e-’ s- ( s - c - c - : , s-~
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The ‘i’— 6  ~ e m s - i ’s- I n ’s-n s - n c - c - n  d e v c s - l c p e d  by  s - nh-  - I s - s - i ’s-’ c s - ,  s-i sp ss- c I c - s - s - s - l y e

(ED) b s-~s-s - l s. At the t In s- ic - t I , -s-it  i’ io s-~- -Jcc-- ’;s-.’1ops- ’s - c - s-s - t  c - c s - - s-s- t n -s - s- c t was-

i n i t ia t e d , t h e  eng ine  r s - ’ s - - ’s- no n’ s-s- -c - ci~’ic ‘ c - , - s - ’ s-s-- . I ?  ti c - c - spec i f ic - n - t ic -ms-v

c a l l e d  for  an eng ine  i n s -  a p m- c ’s- 1c c - I c - i s-’ h s - n ; ,— ; s - - s - s - c -n’ r c - s - r s -g-c- , s m s - i t a t s -  _ s-s-c-

fo r  pos--iec-’ing t i c -n - s-c e types Os- h - f s - , t  s - s - n ’ s - c -  : s - c - s --~~s- a ir-craft , n’s- one  of ~.- h i  c - ia

s - s -cs in se’/elo s-- rs - s - en - O . h-s- h a’ s p e c -  if l cc -n i - n . s-. also ca ll ea for n . ,ulti—

purpose  s - m s - a s a b i l i t y  ( t a m , c -  c - - o s h a s -’ s- s- s - s-a t o n - b  .~~ a - s - ..p a s - c d  f a r  a o n - p a —

b i l i t ’s- s - s - c -  gros--c- m a  pa’s - s - c - -n ’ .  ‘i i ’s -’. ’ ‘c’ s- cs- ’ s- s-’ s- s --s-- s-c- s - s - c -’ ic- ma rs - - - .‘r a g ims - e  s- c s- c -- c -

s-he  v ar i o u s  v e r s i o n s  of s -h e  s-~— 53 h s -:i s - c  s - - n - -n ’ - ; 1 0  y5 s-
~ n - I s o  s - c - l a - o s - s - n il

f o r  use i s - a s - c - u s - c’s - s - - er o f ’  f ’ i x ec ; w i s - a o  a i r - a r - - s - f ’ s - .  h s - I ,- .t nos -- s- ’-i~~~hn’s-d

am a s -s - s - the n ’ u s c -n , the  A H — 5 E A  c - lh s -. s - .s - ” n . s - . - , b - u ’ m , s-, s-n ’’ s-” c - - ’a rs- s - -un - s car .ce l1~
fo r  r ea s s - an - s  n- cs-s-t r ela’s- ed h - c  he en ’,ci n ’s - c- . Dos -s-i a ’ s-c- n’ m. - , s - i ma t wa - s -~’ s-c-
c - c - o t is - as- ’ J.s t ’hot  s - c - h e  c o n s - c r e s s  cs- n’ s e a s- is - s - n ’ o r ’ h - s - alas- c - c - cc- i c-a c ha s- c - b e e n

d -s-s-- s-,r c loped by  - s - 3en - -.c-ra l E l e s -. s - t r i c  s-s- c-’, i o n ’- ladiP n - s - i  s-s-s-c -s c s- s-es-’ c s -’ s - s -he
bases on s--:hich t h e  con s -s -r s-c- s- t’- ‘ s- s-s-s- s - s - c - - i n- s -m- u s -  s- .a s -i~~. las- t h e  f a l l  sub —

s y s t e m  t e st i n g ,  h - h i s  c -os - s-mr c - ’ cas - r c s -c - ”  d e v e l c p e-i  ~- r n ’ - b ’ i e s - c - s -  as-s-i os-c- al t o

be r eenginc ’-er ’e- i.

: ‘c -s- ’ s - s - s - c - f r ”  ~s - c - s - :“cc- t - i n~ - a s s - c - e n ’  i n s -’ cs-c- I s - c -  ~~c-’ l. in - c -  t e a l  ‘on-’

t~ -i s-- des i s-~ns- sos -er ’  o ,m’ t he  ~I — C  ~ es s -~~c- s -ne  s-a s-c- s d’ s- n c s -  l -~c - - ’ asc- i a’ s - c—

s n - i  t c~ 
-js - s - a l os s  o; ’ s ome e ns - c -  s- , c - 0 r v’g s -’ : ’” o “s-. .

e v es ;  - -c- ° r c r  the  s r s t e r l l  was  c - o s - c - n ’  l c t e  I i’s- ,!c ,”c-Ined  s-c-s. s-’ nc - c
s- 

— r eq c - c - -s - r ’- a - ”n e ns-t r w er e  rn ’ s - o h  is -s t t ev ’  ~- n o n ” s - c- , n’ c- s - e  alc’s s - h - a s -n  c - m o n - e n ’

s-, s - ; . ;  c - c a n s - a l  t O  I-s n s-c-s - c - e .- c - c - c z t , s - . c -e ~~~~~~~ l~ n’i’s- to  c ’ k . c - r s -, s-c- t he

eng ine ’ s-’ s-c -ha r ’ac n’ lac - t i ’s , s - . z r t , ’ c u l a c - r I s - -  s - s - tn ’  son s - s - cc -’,
ins- ~c - s - g -s-; i y c - s -s- ,f n.~~ s-’, s - cs - f c u~’ -” c- .° t C s- s-nlu’ cs-’s-g ne  d c s - s i o n .

,‘s-s-c- c n o t i o n  o ,” - ‘ le,s - n l b i l a s - s - s - .  -s- s--n ;s-e r ’cc - ”s -s-z ’. as e c - n - s - f  ,“.s- ’ . . ’ —

t i c - c s’ in  the  i s c - o t ; c - l  s p e o a l ° i c a n ’-’ or. o ,~ ts - ; e ~ rs-~’~ en s- c - i n 5

had a hi g h p ay o ,f J ’, c-s-n c- s- i- cs - V , i. c,s - : ;  a n - s e ,”s-~~ c-- n - i t s - r n - a ’ s -’ or - c

s’s-s- c- s - s - ne  c - I n  -s-c- t s-s-s-s-c- es- 7 s-c- s-s-’c ’cc-s-j . s-I s - s - c - ,  rlex z.~- - n l c - t y  T. s - m c r s-mt n ’e d
imc- s - eL t i p le  u s e s  0,r ~re e n s - s i n e , s-c- s-’ n c s - s -  t s -~ou ,,i , i ’e  to - n ’ I .cres-

s - h  r c- i in ima l s -] e c - ’e la. s-s-c-” ’: s-c- t e ,-’,°.-’ r t  t :~ dnh ’ ”r rc c - ’s - ; r  .s-~~p ls - can ~
t i c ns .  H o z ~~ s - ’e n ’ , t~J s  - ‘ L s - s - ,r - i l ’ s - s - i mas s s- ,~~~~ o~~ts- 2ies -c- ,i .~s- t s -s-~
o n - f  p~~svu z s -’ ty : ] ‘or s -c - n : ’  n ’ s - s -sc - a l - :  s - s - s -~~ , t : s -- c c s - s - c -c-- -l

~~s-~ s-a s- c-c- c’ s - s -c l  ; I l a ~
c-;e an’ie r -c -n d i s - s- c-s-s e -‘s- ’c - I o i e n t  ~hs-vs- s-s- t ;,s- s- al I s- s - s - s - c -

4 -. • 
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- ‘ ‘ ;‘ m’ ‘ s - I  i s - -  °or h - Cs - -a - f n - s c .  /1 r eqs- es -’ s-’~-: r ’s- ” rc t “or s- cs - c Wec-

n -n ’ s-~!
-n’~~ss-~’ J n - s ’ i s c -s- ’ t~n c -’ - ; - ns - s - - n-~s-- s - n m e n ’ s ’o - -H- ’— c- c - c - ’ c- s-,oc- ” ? n  “ s - e s - .

t s n c t : e c  o~c - c - c - c ? - n ’ c c - ’s-s- ’s - s- h-,s-s- s-c- ’s -s-as-s - s - c s - u s c - ’  s- ’ s - ’ ”  s - n e  s-
s-

— I
’ --’ as-s-s-c - s e  c - s

fs- ? c- s -q n’ s-c- ~~ins-”- s-” 0rs- s-~ n - t , n o  ‘s- -s - c -- h -  h - s - b ’  ‘n a- s- -c- ~m - c - k s -  f i ~ cs-’e ’’c l op s - a  s-s-O’s- s-I

m s - s- ec - n v s  Z s - s - n  s-c- :c- c- r ’ ? n i c s - s -Cs -c -s-’ , c - s a s h -  I s  ‘n h - s  ,-~~‘ s - a t e - i  - s - c - !  t e s t e s - s - I

s- ’ ’ I s - s -  [ h - n ’  os - -c s - - ’.s - z n ’ Is - n g s-aia h- e~ 7 !- e - ’- - n ’s - e  i t s -  c - c - n - !~~ - m s - L i i i t s - -  c -n - cf

o s -c - - c a ’ s - u  s-’ I s -’ s- s- , ‘ ; - s-s -L e n  ‘ - - a s-

2 .  T u r b o f a n  En g i n es

The e s - s - c - I c - s - c - s  f o r  t h e  I - ’—1 5  ac - -c- F — i d E  a i r - c c - - a f t  s -e r - c  u s - c - d c -s - n ’ s - Ic—

ve l s-a n- s - n cn a c - s -  by s - i s - C  sans -s-c- c - cs - s -h - c -ac - s- os -’ s - n h - t n - c - n ’-’as -s-u s - s - c - .  A 7~~~~~~ i s -a —

-c - c - - -aase ~s- , -al-s - c - s i g n  t i c - c ’ s - s t — h - -  — s-- s- el :.s- :_ r a t I o  c - - s - s - - c -  ‘at’ h e  s-s- - s - s  -s- es- ‘c s -- c

s - h r - - u - s - h  h -h e  u se  of n - e s -,-u t ech r, - a l o g v .  s-:,’hn c c - ,  ‘,. e o c - s - m’, i as - s - i s - - s - h - I s - n - s - m s -s as-s--
ms- e s-c -re d t h a t  b ake s-i u m a s o l v n a ’ms- le , h-- bc- s-c- r’ca - m u i:’es -s-s-s-s - s -’ mc- s- - c-’ -

- i c - c  F — l b

-c - s - a - n ata ‘ie s io’na ’s-e. I th -c -  F — l O U )  s-c -en r e l - c -x c - -  ,c- s -  rn ’s - - s - h - s -n’. , as-. ‘a I s-s-s- c

a , s-i rc - s -- Os - s - t ’C es - s - -  w e r e  s- ac - s -al e as-sa l I s- s-b i.c t o  c - _ s-m , ; I - s - t e  t h~ ~;s-c- ’:eI :s-. s-c- cs- rs- t

T i ;s -,c- pr ’ s - c - b  i c - n - s - s - s  -of’ th e  e m s - g i s - ie ~~~s- s- s-s- he h~~i ‘g- c s - - n ’  i nn - ’ s - ’ ’c- ’9 “ s - s - c -

F — - - s - i I )  c- -c - - cr ’ s-c- n -s-a t as c - s - i s - m s - p i e  s-- cs- c-s- s - s - s - i s - - c s -. ‘id s - - ”  s-s- c-S c- s - a ’s - - s - s - s  s - c - s - se s - h e

sc - cr - s - -c- ‘s-c-n ’ s -S s- s - ’s - s -s-’ c c s -s -n s - -s--c r s-, rs - c -’ n ’c -t- a s - a d  a ii’ i n - I c - ’. s- i c - as - .  i n - .- u , s- s-s-- i s - h e  ‘i’’i’— 5 0
‘ c - o s -  i r s - c , c- - . .1 s-c-h s--c- s-c- b c - i s - m g  ass -c -i t o  paws-c- i’ s - h - - ’ F~~l c -.A . , c- c - s - c - c  is-it  c -m s - c - i
n. o dns - s-’a’cc- s - c - c - c r - s - n-  h - i s - s - a , ’ s -  t h a n  1s -h c - c -  ‘i’h -— 3 2 , c-s - i s - i s -  .,, s- ” i , ‘a s  a f c -  f l ’ - .’ an ’s--i

sI :e  w i n s --c - h r ’ s - i s - e l  s-no t ” s - -. - sn- s-- a - .- e o v e l c c - n ’ s-- ‘as -c- a. rns- t” ‘a ds - c  F — 3 0 s - . Ts-a

c - c - - s --s e ‘.‘s-’e is- ’ht , h -he  c-s- -nc - - I n c  ‘ s- s t  r - ’ ,s-an” un ’a l  n - i  g i n  i t s - ,’ ‘ -c - s -s - r c - c s - s-s-ap s- s-c s-nc- i se-s -i ,

s - - i c - i c - i c -  s-- -c- s u I t e d  ins -  c s - n - rc - c i s - r s -- s-- s-3 s-c- -s-a.- —b ls - s - -m ie s - i s -  s - - - ,c-ha - 

t h e r e  s - c - c - ” -1 .- I - c - s-c- s-i s-en ’-- s-c - r ; - s - n - r i  c-nc -s- c - i  .15, ‘ c - . ’, e s - a - s - i n c  h - e~~s- i m . s - c -  s-a’ s- gras-c-

i c c - n - i r s - s  s - c - h e a I c - - n  I n - s - c  s - - s - -s - a s s - - a m .  I f  s- s - , e e s - a- s - c - s - c - c - s - s - c - n --a- c-’s- s - s - s -  c -u n - I i a ’ s - c - -s-i

i s - ,  t i c-nrc - f -a s - ’ i s - ’ - n ’ ;  - rrs - h- . s-- - n ,  i s -a n i’s - c  i s - — i ’ .  ; m o~:r’ar, , h , s - r - c- ’ s- -s - - i , e n-s-n’ ”
is-c , s-c- : - - : -  — c - -  1 s k c a ’ c - s - ’ e l c~

’ s - - s- - s - s - c - h -  s-c- c -n ’ a n s - ’ s - -.~ c-c-’ of ’ nc - e s-: n’ ,:s-’-, s - ‘- s - s - s - c - i a .  n’ -, - : -

be rc- c- raessar’’s-’ . Tir” -l as-c s - s i ‘r. i’s-s-c-s nc - s-c- c s-c- , ‘ ‘ s - s - s - s - c - I s - s -s-i ’ s-c- s-
~~~~

c- I e s -.’e l s -’ ; rs-s- n ’ -nc - s-

p r - os - or - a s - n ’. of ’ t i ’ s - a ’  h — i D 1  e n s - n ’ s - s - c -  f or ’  ‘ I c - c - h — i - ’  In , ‘a i ’s - i c - -~ i s - c - c -c - 1 . s- I , s-s-s- e s - a si c - c - -:

s - h - s el f  r -€s- s -i’c - I n s - .- ;  i r s -  a i - c - s n - c e - i  d- s- ’.:c-d, s - n ’ er, ” . r i ’.e h - - s- -.- -: ‘I s-c- - ; ’ c - r t i — a ’  s- c - . ,
-s-i ’ en ’ h - h- - ts-@s--’ , is - .  i - -s-n ’s- , I’s - a s-n i ‘. dat  h -h-a  t c - , , i a n a D J a . c-s- c- t - s - s - e c--: - s - s  ‘ s- sc-- I’— 

I c r ’s- to  n - c - c t  s - bc -c goa ls  of ’  ‘ i s-” m i s - - v ’~~ ; - - - n ’  c- ’s- h c , a s - ’  c - - c - os - s - s  th

s-c- i s- s - s - s -s-c - - F ’  t } s - s -~ C c - s - s - n ’ s - i n - e s -h- h - e s - c l , n o i  gy i s - .  s - h i s  ;e ’,’ei o; s - .  s-: i s - a s - ’a - l v i

s lo ’~s- s t h ~~ h a - I  a ‘ ‘ - s-ar i c - - i s - i s - - r a sh- ra s- s - -i .
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OlSE R Y~1 TI- s -  I n s - :  .4 new eng isn s- ’ ] c n ’ c-- Z o s - - s - ’ i n s - n c  t h a t  i n v o l v e s
a s i’ i s c - i :’~l - c s - z n t  a d v a n c e  -I n  h- s- - n s-n’ i-i is- o is - o il y ‘- ..cy c- - equ !  n s - ’ e s e v e r a l

n ’ s -~~ s-’~ of l ead  h - is - s - e over  t l c - c - t  o ,s- ’ an cc - fr  r r s - c - n c .  Scs -s - s - e t n 1 5 c a,

r equi c- ’ e nnn ’ ec - h - s  a r e  u n r e s - c -  7- i s [a , an I per ,f ’c s - s - r c - r a s n c e  g o a l s  r i - ma c-

~m r e  c - c - c t  a p r i o m - s -  a s-cs n n o t  i .e a ch -[ ,as-.’e,-I s- i v l i n  t ic -c t ins -s
sch eduis - . . An tho  s- s - Os - s - c -c-’ of the F— 401 eng ine , reauirers-e sc-tcc -

f o r  s - c - cm ’s - ,  lc - s -~i ic - t w c - -.-hc - i - n s -  Ic - al to ss - !s- un ’tuz-s-; l d s-c-- s- ’i s-s-ic -’ cncies

( e n s - s - i n s  too f s-c- x c-s- i s - i s )  cc - nc -- I to  s -c - “s-- s -r c a ”ia i s  .c- is ’- ’i a t n ’- n . s - tn
p s - c- a s - h- , h- s- I s - c -  s -s - as s - c - t t r l i - n -  c-s-— c - l i e  to n - i s ,s-’u~is-~- n s - ng s - h e  t e c h n o l o g s -y
I s - c - s c, c- s-i c- i -ads - c -nv ec cs-’s-e,c-’ f r c - s - -r~ the  [ s c - t e z - s -  r e t a  h - s - s - c s - - c -  c~ ’ t ic- c r c s u i  h - s

:‘n-os - m t he  adva s -s - ’ed ens -in c te c -h nc s - l o g s - c  desn or , s - c - t r s - c -t : .r.

The prob lc s-’s- s -c- were  c s c - c - n ’e r i - a t c ’s -d L-~s - c - sn i sc - ’r - i ec qus - s - t e

h n o w l e d a e  o c - c - crc  - c c - s f  s’ s-a s-s -7c-n- ec- . ’s-m ns-ss s-s-z c-- s-c- s-c- i m l n g ,  nc- i - s - i n ’h  is  a
rs-s-c- ,n ’s-’ c-s-r ’ p r s - a 1;ier’r s - fo r ad s - s - c - n ee d  eng ine  des iqn -s. Extensive

t a s t in g  an d de-c-’elop ” .es-s-t o f  f u l l - s c a l e  a r t - n ’ s-s- l e n s  “ s - n -r h -  is - c

c-s- -a s - -a - s l ied  co ves -’  tic- s r a e s - c - e  a ” c p c n ’ a t i s - , c  .s- s-,n Jc -’ t So s - c - c - s -. 1s-s- j ’ s-d s-~~a’ —

- ‘s - o a s - e, p r o g r s - :’.s- r i c s - s-As-s-’ [ t s - s -  s i - m o n - i d  I s -c a c - c - nc- - ,’d- - - ’d  ~ h c c -  c-’ s , ‘s-ker e
s h o u l d  s - b e  +‘I e x ’l .Es-i ii s - n c -  to is-c- s- s - - s - s  -s-s-s- i-m a n s - a - e s  s - s - sc - .s-c ’p c- s- ’ i f ” s-s - ’a t i c n s

d u r in g  des - n - a l op s - c -c- sc -f , ms - i t is - ou’ s -  a s-’- n ,s-O r s - s -e m - s a c - i s  - o s -’ s-s - i - s - C s - s - ’ i n ’ s -~

t r a c t .  A s rs-m a L i  r e t - c - s -xs - c - - t i on  in a p e r f . -’a ”s - nar - ce c - e s - [ c - a s - r e c - m c n t
s - c - -c- n nc- - i e l d  a la s - c e  s-1c - c -. c - s - r o - ’ e r n e s st i ’ s- sus-s-dc- a f a n ’s - o r  ms-c- .s ~a - e r c —
ei c - s - c -s h - i  s-t - c - I :  i c - i t s -, , e.  a • , c- s -l ov ing  as.s - s -zs-s-s- f:s-’s - s - -’n s- t ic-c Is-s -la s-I Fs-
s - h - u t t e r  b o u n I - s - : s -’s - ’ e e .  - s-i,

” t i-s-e 1 — 4 0 1  eng in e  -s- I eve ?cv - ’s - e sc- t ha.d
s-s-n t a r t s -s - a.]  ear 7 is- e s - ”, o n — ~ I ’ t 7c - ,s-s-s- c c s - c -p o s - n e n s -  t c a n s - c - o . ’ s-ns- In c - c - s e  in s-s-d
been  i’u r r h e r  a s - s - - s - s - z n - c e  s-I , t i -n e s i-n c - i - i s - m a  d e s - s e  los- s-r -s-c m h- r- r cs- s - c - ra s -’ m

a s - i s - ic e s-s -s-en s-s-n s-I s-s - c - ” ’  t i s - ’es-s . An  as- ?. s - s - s -- a r ’ s- - ’ t s-’ ms - c s-s-c u 7 cs-
‘s- ~ve b eess  to I - a - -a k o f : ’ f r o r s -  the  p erf s - s - n ’rc -s--c- -s- s-s-”c a s - c - . ” i s--s-o t -s-c- I -
l a t  I on  r e q u - s - r ’er n s - n r t  ( as  c’s-s-c - a s  -s - lo n e w i t i c -  c - i.e 1- 100 e s s - g n ’ m n c )
and r n ’  c - c a p t  an eng ine  ‘s- i-n — c- n ’s r - e rf o r r n a s c - s-c- c n,’cu ld  s - n c  - i s - s  c - s -s - s - ’—

i c c - s - e n s -  ic - c - l e t t e r  h - i n c - s n  t i c- c- e n s - c - i n c  a I r e s --: i ns- In ~‘ c - n - : c -  n - c - c - e d  j i m
- 

t he  P — 1 4 A .  ta lc - ic  a l t e r —  c - h - f r ’ s, s- Is-i s-s -h c -s - s - c c - s - i d  bc - c - s e 1 es’s-
f i - c u i t  s-s-o s-c-he n-s-t Y’n- , n~’ s - c  t n - n c - e s - f  d ons - c - n l ’y t i - s - I. -c- s - a .

r
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11 s -s-. s- s - , s-s- a a c- , c-~ - s- Q  s- s - e s - c - ’: i s - ”  s- ,s-s-S n- cc- n s-’ ‘ ‘: a - ’ -  —

s - c - s - c -  s-s- s-’s-. - c-s-n - : r c - .”. c -  c s - a , o n ’ ,s-s - s - : ’ c - - i ’ m g I n - e t c’s - c - en c - i - s - c  s - r , , s - ’ c a l  e ’, : . r,e

‘s - c- ; c - s - c - -’t “s- s - i ’  s - s - s - a - ; o~~s-z . s - s - s - . f  s - h e  c - c - o n - s -- s -m e s c i c - s - .s- s - ’ s - c-s - ’c- h - i s - s -es- ,

a c - c - U s e  l C s - m ; — z ,’z s - n s - ; c  p r o c - s - c ’ s- ( s - I . e . ,  aos --s-p o m s - s - : s s -c- ‘I s - ’ s - c - s - r - c c’ c- m s - e n h -

s- - s - i - s - c - c - s -s )

B. SRP .I-1 R O C K E T  M OTO P.

its- :’: ( s - c - i ’ s - c s - s -- ’ s - — r ’ o s - n a c s - s -e a t t a c k  .1 ssil e) cs - rh - cc - c -. u o s - s- d s-s- -c s - s - c - .—

s - h - s - — sh e l f  51s-ts -5 s-s-’, s - U a n s  -a cs- c-- ~‘.a , I or’ cs- s - - c - - a - - s -a s - m s - n - h - :, i ’ - s - - ’s- s- s - s -Lss--s - c - dc - s - c -  s-— s - - q s i r - s - —

nc- c rc- s- s-s -n-c-s-s-r -a SO s - s - t r ’ L m s - s - ’ € s - ’ i s - t  h- is - c - s - nt s-’s - s - i v ’s - n a - : s-s-s- s irs -  t i ’ s - c s -  s - - h - s - s - h - c  c c - ’  s - P s - n ’  s--r -t

;s-: c- s- ’e s - m e - s - s -c-i s-s-- i  s- - -  n’s-c- -c-- h- s-hens-, .  Th€ -  h -b c - s - -  c - ” cck a  s- c - s - s - -c ’ s - c-s-c-’ ina- :s- s- 1’:emi sea - el ’ s - s -i

s i c - c - a l A s - i  s - u rn s - n  a - i s - - a r c - c c - s - c -  irs - t~~-n c - s - c - s - a o l c.s - n - s -,’ ‘ bs-s-’ c - c  i . ac l c - s --ied a sc- l i  P

rc-ck ’c h- c--- s-t - r c’s - s -p s - c -n’ I a  c ’s- ’ c yc1  irs - s -c - c m  - -‘ s - s -n i  o s -’f cc- s-n i a i’d gi’s- h - o h - a Z  I ‘s-n —

cisc is -c- a s - - d i n-s - c- I ‘:-si ’s- s- s-s-o--s -s-i l s-cs- li on s - c - .  P - s - s - i n  fos-s-s- c-s- s-ar- es ha - ’I ro t beer ,

d~~r c - r : r s - c s - s - ’ s -  s- .s- ,i i s - - . a s i n s - a l e  s-actor s- s - c - s - ic t o  t h ~ ~ s-ic- s- -s-- i n -- c - c - s-s- n’ • Es-c- —

s-c - s - c - cc - s - s - c -  o f  th e -  i s - s - s - s - s - s - s - s o  c s-’ s - s - - c t m i t i ’,m ,m ’. s-’s- s-s-s- s-s-~~~~ t h ’s -  s - i c ’s-- a - i s - - s  -s-- s- -s - - s - a c - c -  eors -s-s-cs-.ch-

A s-’ ti s - e ‘ s-s-cs-c- n - a - m s - O r ’ , s-he -s-s-- _ c c - i ,i- e t c - h - s - : s - s - c - ’ s - s -  gr ea t -is - ’’ us- i c r - h - i d  “ f a c t c c - ’  s- s - f
i t — i l)  t h e  i s-n”;s-c - l c - n . m m c - c n t -  costs. Ss-I,n -ce s- h i s - c -  s- a - s - c -  t n ’  ho  a fixed—

p s - i  c-c - : c o n s - t r a c t , t h e y  cies-~r’1y h ad ho c :-:n s - - e c s - c - s - t i a  ma of m ’ s-c -ccs -s-.s- s -irs -a’

ex cess d’a ’.c - e i o p i c n e n - t  cost- s f ron .  t h e  ms - a ’ s - s - - o u c h -  i c m a  con ’s-h- ms- - s - oh -  ,

d i f !’i cult  ds-s-s d u r in g  deve ic- p :.s-ent were fol io wEms -.~ t” 1.~.’s- i s - n - s - ti - ma as- s - n -

s -h a ,- r - i c -  .0 crac-’s - s - m ’ c - n ’ c - .s- a - o ( P s - a c i n g ) ,  t h e  P s - I  a’ S’ s- - s - s - - c s -c- , s-s-s-cl is- la s rc s - ch e s -  c s - i c—

‘/s -c - i  ‘ s- c- s- ea ’  (Loc ’c-:h e s--n ’s - I )  , s--i l t h  L o c hh e e - i  d a i s - i  s - is - ’ I t  s-s- n- -m l s -c -  r’ec c-l’,’e c - n . .

:s - c - os - ac-y f a r  -s-i -s-s- ’-:ei -o r .- i n ’s - c h - i c-- mot s - s - s -,’’ Ia - - p s - h- cs - ’- s - i ’ s - .’- f i x - - s - i — n ’  c-c- -c - c  -a- ~-c - s - t s - ’ ”s - -c’s- .

One b a s s -  s-s -for h - s - u s -  L o c k h e e d  d c-s- m r - s - s -‘-c-s-s - s ti c - as - h - h e  sn’- c s - c i  s- ’jcas -s -n- c s - s - s - s

h-a’s - s - 1 , a m s -ic - s - c - s-i s - s-s--s- , s - s - -  i c - s- s- c-- -I c - ,  t h s - s  - p r c i  - ‘s - s - s -rd c - a c - s - h -  s-~~-~ a na l c - h ’ s - c -  h - h e  c - s - n , —

t x - a c t o r  did n - c t  ‘s - as - a ve acleai ’j at s-as- or c s - s - - t a r .  c - t v  c - a  st - -s-div s-hor n’. b-s - f- n ’s-”

t i ’ s - c - -  c-c- r ’o i -o s a l  h a d  t o  be cobo l  h - s - c -P . The s- j s t c - :r , s  - c s - c - -c n ~~n - i 1 c s - c s v

c l - c - s e  to  f a i 1u r ~’s - s- dor m s -- dac -s-s -e i” n- rn e s - s - t , h-s- ’— c s-a s-; nc - e cc -’ he m - s - s - c k s - s - s -’ s- _ c - h - s -_ n ’

p r O t . s - . s - : rs -  . i ’ s - us - ’ s - - ’ s - ’s - ’ s - ’  , Ira s-P s -c - - c m - i , c- - s - - s--n- c - - c- c - s - t s r  - -s -a s-s-f ’ ‘ ic- is-- - - a  A - n  - s-a s- c

n-c I n - c -i ’ s - s - s - s - s - c -  (c -- c -s-i s- . ‘ . s- s - - s - s - s - s e  at  1’ -w a s - c -  ‘. c - d r - s  -) s - n -s - r I  s-’ r ’~ c - c - s- - m a - ’ . 
- -

- ‘ - s - h -  1 :-s-a

of l .he c s - : c n t r c - s - c s -  h- s-n- c - - s - s - - c- s - - s - s - s -n u l l  c-i i n ’ s -  a c ’:s ’n - €-s - , i  1 i , ’s - s - m i s - s - - c -’ s - n .  s-s - s - c -  c s - n c - c - .—

1011/ i s-s-Os- c - F c c - U I ;  C s - .
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_ _ _ _  
his -  ,s- s - - c- , l . Y ,~ ,s- ,s- e ‘ s- s-c - 4 s- ’ t s - - s-s-es c - s - ’s-’o s i d e s  to

t h s -’ s- ” s - n ’ O s - ’ t a s -.t s-s-a n - ,  , ‘ c - f o i s -  o ,s- ’ I c i .. e c- s- ’’~ . i-s- c- rs-’lss-- . ‘as- c- ne cs -I de ,
t i n s - c-  s -c-e s -ed  s - s- - s - s -~~~~i s- f  c - - c -  r- ic- c- s - s - s - s - s -s-.’ery  s - i s - f i n, be ‘ ; n - , s - c -s-’- c - h e  z’s-s-s-’ s - c n - : r e

s - n ’s - ’ c-s-e t ‘‘ s - n ’s - r ’  s-c- c - s  i s - s - P l c - c -  c o n - h I s s - n’ ’ s - s - e d  a n ]  i c r - e n d e d  sin
r a - .c - h n ; i o, s -’s c-- ; s - a s - -  a ’ c - c -  ‘no: s-s- ic - h a n d .  I ’ t h e  c’ c-, s- l c - s h -  r ’ - c t s -’c r

dem.’a l op r s - a i c - t s - a - n - i d  i n c - n - s -c b e e n  s t a r t e d  e s - c - r l i s - c - i -, “n - a k o ’ s- c-s-c-’

c -s - i ’ s-’ s o ’ n iI j h t  I s - a v e  In -e s - is - c zvo i . I ed, os-s- ct des- ’s iop r n e~s -h- -i s - s - c - s t e  ‘s- ’L s-~’in t

inc - c- c-- c ,c-~~ s- c - , ;  i’,s-s-J s-s- s-c-c s-c-’. (is - inc nea :f  c - s - s -s -h-~~ 1~ s - nc - ut  n - i n - i c  s-s-c- p s - c - r c a s - i h e s
to r i ces - s  - t i n e  s c l s - e s - ] n- l e  on a u c i n  a s- ’om,n - l o x  .]cc-, e I c r ’s - c s - n t  c - s - s
s - e s -i’ s-- c o s t l y . )  Os- -c- th e  o the r’ sc-s- -c-ic , c c - s - b e  r o c k e t  “s-otor r i g h t
,ns- s - s - s - ,,,s- r e s - c - e i v e d  a s - z r ’s-s- c-i d e v e l op ” n e n t  c-c- s-I t 7c- s-.- a r  a Ic t a i l e d  I s - s - s - o w l —
c -s - i c -c- a O s- ’ t s - c  s in i r c c - c - m s-s- c s - r c -’c t i c c  of ’  s - n ine  c-’ c-s- cc- t e” s - i n  w i’n c - s - s - i s -  i n ’  s - as
h - o he n - f l e d .  T h e n , si g-s -i i f - ms - c . s - c -c-s - t c n v i r o s - s - s - r s - s - e ’c- s - n ’ c l  pr oS  1 er r s

( s c - s - s-c- h as  c-, e a h -  soak  or v i b r a c - l o n) . s-’i s- I s~, s - ’  c u l c t  s - a ’ s - I s -c- - bc -c- c-c- c
b e e s - c -  d e t e r s - s - i c - s - c s - n’ is-- :s - a d e c - t a ’s - s - i t s -i sy c- n s - C e r n — r e  s-?’~c-~i a c ’s - c ’s - n t s  c - c - t n - d c - c -,

“ s-~~~~~ ~s - s - s - ’~~ L-e~~’n n eg t~e c - h - e d .  I t  i s  c - i if ’~’ c - s - c u l t  to s t a t e  n ’d c -] c i s -

s id e  p r e d ..c- s--s- s-’s- s-n - s - t e a .  I s- s - i - s - n - s a c - s - c s -  h - I c - c - at t he  r ’r o mu r e r - s -s - -s - s-t c - c - - a s

und e a- ’ c h - a k e n  n - ’ i t ,1-n c c - or- -s-c- s-s -c-s-s-. ie qnc- s -z t e  t s -  c ’Ia s--n s- - l o s - c -p  c-s -a ,r s-c-c- , p s-s-s-s-r t n - s - i u —
l a s - s - s - I s - i  c- s - n c-c- cd s-’ s - m i — f m e e t  r o c k e t s - ”- . ic- nd a f ’s - r h - i s - e s - ’  d e ’s - c i - n s t r s - a t c -’ os - s-

o ’ r a c k er  c a p s - n - h i  i s -’ ty  c - c - c-s- s-c-~ I d  is- ca ve b e e n  i ’e q u s - m ’s  t ed  b e f o r e
c c - n - s b  s t i - c’ s - n s - i e n t  r e c i u s -’r e s - c- e n t s  s- c - ar - c -  sa  es - C - c -’ ,“ied.  i- l iner  es - s i n g
o f  the vo lume  r es t r i c t ’ s -I ons  s- ’s- -c-I s-s- i-c- t hav e  s-s-o -t s - i - l : ~ d e c r e a s e d
the  deve lo ; ’- .—s-s-.s - n s - s  - r is k  o f  t c - n c - s - s p r a y s - s --a n’s- . I/a ‘ac ts - s - c -, h~~w€s - s - s -ca ’,
t h a t  t h e s e  s t a t s - c s -’s- c-- s - n h - s  ‘c - a s - c made irs - th c  f a c e  di’ th e  f ’s-c -ct
h - i n s - c - t h e  I R A ,- ’- ’ ap p e a r s  to be a s u c a e s s f ’di de c - ’e 7 . c r n ’s - e s - ; t,
whi s-c-h in  t he  e n s - s - I  rs-s-c- t I t s  (s - n- s-s - s -u s - t e d)  p e r :’os - s -’ r ’n s - s -z s -s - s-’e , as - - s - h -,
and s e i n e - s - i n - i c .

C . TANK E N G I N E S

h -wc e ng i r s - c-ms - s are candidates f s --s -r  p ow e r in g  the  X c-- — l t a r s - k , cur—
r e n t ly  under  d e v e l o p m e n t .  The AGT-1500 eng ine  Is a 15 0 1s - - iap
tan s-bin -c engine , wh ich has had substantial testing (over 80 cc
h- s-urns -) , I n c l u d in g 12 ,500 miles in vehicular o i ’s - - e c - - a h - - io n - . This

engine s - c - p s - s - c - s - s -mn’ s to  be r eady  for  a d a r s - t a t l o n  to  t ic - a Xi a~~l t n - s - s - k, and
produc t  i °n a p i a c - s -n i nc- -- has cs - a s - s -t ed.
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Ti s-e second ens-gIn ’s-c , s-s-he AVCR— 1360 , is a p i s ton  eng i ne ;s-c-~~~t h

a variable c or c - s -pr ’es s i c s - s - s -  r’ c - s - s -t ic s - -. It w i l l  p r o s - c - i d e  abou t  t he  sc-s-c-s- s-c

n - c s- wax - as t ic - c s-s-c-Cc -T—1 5 00 will ar:d is in about the s os - c - s - c state cl

d e \ ’ e l o r c - c - e n t

Both  e ng i n e s  have been i n h e r i t e d  f rom p rev ious  t a n k  p rograms

t h a t  have been c a n c e l e d . In f a c t , deve lopmen t  of b o t h  en- s - i r s -es
ceased for  a w h i l e , hu t  It  was r ev ived  when  the  p o s s i b i l i t y  of

t h e ir  use r e v i v e d .  Both e n g i n e s  were  p a r t i c - t i l y  deve loped  u n d e r
IRAD and technology base funding as well as f u n d i n g  from tan-I:

programs . For t he  X I s - I — i  t ank , we c o n s i d e r  the  eng ines  to  be i f l —

herit ed.

O I E E R L ’ A TI O N S :  The S M - I t ank  has  two c o mp a r a t i v e l - n- Ic ’s - -
r is k  e n g ine o p t i o n s  as a r e s u l t  0] ’ d e v e l o p m e n t  wo n  ur ,s - i e a ’-

s- c-s-k e in n - r e v s -  o u s l y f c-r  ca ’s- c-s- e s - l e d  h - c s - c -s- s - p r o g r a m s .  If  n e i t l , ,s-s-’r
o f  h - b a s e  e s - s -f -inc d s - n ’c - c -e l op r ’s - e s -s - ts ic - ad been  s t c s - n r t e d  a s -  e a r l s - c -
as c - c -c - c a  is-cc-ct c - h e y  ri c-’g h t  s t - i l l  h a ve  S e e ’s -  s t a r t e d  in  1 ] s - 7 1 ,
w i t h  s-s-h e ex p e c t a t i o n  t h a t  t h e y  s - c u l l  be read y f e -n . s 1 c h - e ’c -
p r o d u c t i o n  by 1 9 7 9 .  Bu t  t ine  r i s k  o~ ’ d c v e i c c - nc- - n ’s - e n t  wos- d d
h -s - a ve been bi gh e r , and t i c - c r c  w o u l d  I n s - r e  been  no d ev e l o c - -
r i e n t s - c -l eng in e  on w hi c h  to base  s y s t e m  d e c i s i o n s .  These

e a r l y d e v e i c s - r c - men t s  r e s u l t e d  in  the  e a r l y a v a i l a b ’ i i i t p
o f  the  eng i n e s , w h i c h  I n f l u e n c e d  t in e  t s - a n I - s y s t e r , de-
s - n ’i s i o n s, and si g n i f i c a n t l y r e d u c e d  t i n e  r i - c - k in d e v e l o p ing
the  nec ’ t a n k .

D. A U T O M O T I V E  T R A N S M I S S I O N S

The Army has developed a family of tro r s - s - s - n ,issicn s that were
i n t e n ded  f or  c - c - se  In a v a r i e t y  of arraored ‘,‘e h i - s - - l e s .  These i n c l u d e
the  A F s - f ’-/ (Armed Reconnaissance Scout Veh icl e ) ,  the I-s-ll3Al AFC

(Armored Personnel Carrier), and the  M ICV ( I s-s -echanized I n f a n t r y
Combat s - s - d- id e) The largest member of the t-r os- rnsm issior . f’ s - c - ra l l y

is t h e  :c- — l l O O , which Is bein g developed for b o t h  vers ions c-f t h e
XI- - i —l t a n k , as wel l  as for retrofit into t h e  improved s - i— El  t a n k .
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i t  f I t s  t h o s e  d I f f er e n t  roles  t s- s- ,’ us in , ’- a c- c - c - cs - dU i c - is- d e s i g n  Ir , w h i c h

d Ifferen t I r s - ’s- s - cc - t s n o t  ions , n - ds -s - a t s-s-ble t o  the  cha: ’as - c s -t e r i s - s - t i c s  of

the Jlff erent onglne s , are u t I i i : n e s -, s - .  The c - s - ’s - c - - s - h e rs  of the tr’ans—

mission f’s-i c-s-illy also have n-arts that s - s - r e  ir,terch s-ins-n ’reable witi -,

commerc ia l  t r a n s - s -m i s s -  in - s - s - s. Fr ’ s - s - - s - c - ,  th ea is -m r -ge ‘s - c las-c-as- of data on

commer’clal  t r u c k  arc- -I car- t r - ’ s - n c - r s - r s - i s s i o s -s , t h e  r s - s - an c - s - f a c t u r e r  of

these  t s - - a r c - s s - c - I s s i s - s - n ,c has  deve l ops - --n- c - s - ies - ,n-c-ds arm s-i Iota for p r e d i c t i n g
the  p e r f o r m a n c e  and t h ~ r - e l i - ’i n - l l t t y  of ’ each com ps-:- rs -ers -t. Experience

has shown t I s-s- ic-s- t h i s  ir , : -s -”, ns - r . - r, Is sc a iL ats -  le tc - co: s-Jn - c- r s - en t s  and s-ut. —

systems of different ra tIngs , t h o u r s -h s - t is still necessary t o

perform total sys tec-as testing s - c - ,  each rs-aw type of v e hI c l e .

O B S E R V A T I O N S :  A f a m i l y of ’  : a c - s -, - ’ m - i s s i s - s - n c - c -  has been de-

v e l o p e d  bra the Ir i s -c -s-1 i s - a r c - c - a c - a  t h i s - c u - c - i c -  i n d e p e n d e n t  d e v e l op -
r n e nt , by TA C O Y  or in ’ s predecessor organi zati-’s- r. al thoug h

V s - n - r i s - c - s - s  me— s-he rs o,s-’ th i s  f a n - a s -  ly n-re li ’d ’ed to sp e c i f c -’ a

v e h i c l e s  t h a t  n - c c -c s -h e r r . Ti n e  d e c - s - c  ? op s - ’c -~- n t  of’ tin s f ’s - arc- c-s-
was , a s s i s t e d  b~ t i n e  s - l - i l i t r ~ o s -  t h e  c c s - - s - t r a a t o r s  to s c a l e  - s -
cc -p p o w e r  s - s - s - a t  s-’ n , c- s- , - c - n  aS c-’ l s -’ ts-~~ t h a t  s t s -s-s-s- ”x s c’r s - s -c - m  t in e ks -s - s-c- nc - c - l-

ed ge g a i n e d  f r - c s -- -  e x h - s --’ ns- -’- ’i s-e — s - c r c - s - - ne c - s - s i - n -  I d e v e t o p r s - e n t .  I n ’
s - ap i - s -ea r s  c - s - hot c-be s - . ’ a l i n y  -s-’s- an ic -s-z p n ’d s - I c d, ‘as - s - h- o s - s - i a  to
p e r f o r m s - c - c - n e c  f - c - c c - s - c r c - a, bn-~ s - c - 1 s-’ - - to  c - - ’ e Z i s - b c - s -ld t p an d dura-
b i l s - s -- ty .

I’ s u a l  l y c - s - n n- - c -s -s-’ ‘s- ta c--~, trc s-s-smi ssio ’as, which s-re de-
s i g n e d  f o r  l o w - s - c - - a  Zu,ne s-- raIn - s -t ie -n fo r- a sp s--’ c’ n lf i c - ’  system ,

the p rc-c ’oision for growth is les s - s - c - t ic - a n tha s-s -s-s-yn c - i s - s - al f o r
so c-a s-- e n s - c - s-s- -s-s-s-i produc h - s .  s-t’o d if i s - ’ a t c -’ o ’as -  s - r e  p a l s - i  c-s-or bc-a the
m i l i t a r y  c u s t ome r ;  i n c e n t i v e s  do not  e x i s t  h - c- c r e a t e
d e s i gns  c a p a b l e  of  y r o m n’th .

D e s p i t e  h - h e  abi i I h - n -  to p s - s - a i l s -- c - h -  r e l i c - c - S s - l i t ,  a n -f

p e r f o r m a n c e  in s c a l i n g  to d if f s - - s - r a n t  sizes-, i t  s-’ s ‘c - s a c s —

s a r y  to run f u l l  s y s t e m  q n - - c - l s -,c-’i c - ’s - t s - s -s - n  t e s t s , sc -s - ’a s-’ c other

c o r ’p o n e n t s  in t ine  s y s t em  r n i 7 h t  i s- -c- c- - c - c t on h - 1c -~ p cr c-’ s - s - i s -”a s - c - s-’ c-

and RA i l  of the system. At least , c- s - n t h e  s - c - u t s - ’ s - o h - i c - n ’e area ,4
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i t  c - i - i - c  5-~~s i-s- os s-ible to desi gn cor ’c-Ts - oi-c - e n t s  a s - c - I s u l s - sy s t e ”s - s

h - s - a a t en t a t i ve  s p e c i f ic a t i o n , w h i l e  a l l c w i s - s -o f o r  f u t u r e
c - r e - s - r h - h .  fs -c - s- ’I c- d e sj cc- n s  can be tested and d e b ug g e d .  T h e n ,

if ’  it  be es - s - s -c - s - e s  is - ec es sa ry  to c h a n g e  the .c-s-p c ’c if ’ i s - s - a t i o n
s o m e w h a t  to c - s -c - s e t  t i n e  n e e d s  o f  the  sy s t e m , the  s u b s y s t e m

os- ’ c o m p o n e n t  c s-s-c- s -c- is- - s  redesi gned. The s-s-s-sr -c- design will not

r e i n - n - a s - r e  as  ‘s-n -s -s-c-c- f e s t i n y  as w i l l  the  ori g i n a l  d es i g n ,
L e s s - s - c - u s e  t he  or i g i n a l  t e s t i n g  r e s u l t s  w i l t  s t i l l -  be op -
p l i c s - o h i e .  T h u s , it s h o u l d  be p o s s i b l e  h - -c f u n d  s u c h .  l o n g
l e c - .Z i t e m s  i s - c -  advance o f  the  tic-c-s -e when  -a f - s - s - n eZ s p e c - if s - s - c a -
h - i o n  is  kn own , s-n-nd decrease h - I c -c ne ss - i  f o r  c o n c ur r e n cy  in
t in e  d e v e l op m e n t  of components and s~I s t e rs-. The system

des- s - i g n e r  w ou l d  t h e n  p r c c e e d  to d e si g n  bc - s - s-c- system wit h

l o w e r  r i s k  a n !  w ’s-’ t l-i so c- s - c l i k el i h o o d  o f  o v e r a l l  s s-s-s-s-,’i’ rc- y c-s- .

Tine s a v i n g s  w o u l d  acc rue , h - - s c a n - s e  c o n c u r r e n t  des -’e l o i - c --
m e n  s or s- t i n - c -s sn ’s - e a t  es a need  rcr n -n - I t i p i-c sir u c s-neo n - s

s -p l ans -  c - s - s h e a  to -n’ s- s - c r e a s e  the  l i k e l n s - h o c  -s -f 0 .” c- - ir 7 e l a  s n - s - s -s - c - so s,
a ‘s - ee l  c-s-b c - t  is  o b v i a t e d  when  a d e v e l c n ’c c d  s u b sy ~s-c- te ”n ic - a
at h a n s - I .

E . H E L I C O P T E R  D Y N A M I C  S Y S T E M S

I t s -  th is s’s- s - t i - cr ,, we refer only to t~~s- s - - h e l i ca l  h - c - n ’ -  d r I v e  r n - I
n - o h - o r  s y s t e m s .  The e n s - g I n ’ s - e s  d i s cu s s e d  e a r l i e r  a re  not in -c i a - d e c .
The i s - s -’ r s - a r c - i c  s y s t e m  of t he  UH —l h e l i cop t e r  was deve lop -ed , as
n -a r t  of ‘s-c -h e  a i r s - n ’ s - f t  s y s t e m  by the  s- s-r i m e c o n t r a c t o r. The
A l l —  use-i  the dynam ic system tic - a t had h -eer s - l eve l - c -n - e s - i -  fcr n’s-he
‘s-h~~~~ , h at w i t h  a -di fferent fuselage con fi s -u c - - ed around It. How-

ever , by the time t h e  P H — i  develc pc-c-’s-er it had been  s- s tar - ’,, c, i , t he
d-j rs - - s -n i c  s y s t e m  had c-”s-ne t h r o u g h  s- os - s- c ev e s - i s -t i c s -n ., c- as - id ‘c- i s- s  c s-- ri —

t r a c t o r ’s kr as-s--w l e d g e  of i t  w a s  r e l a tiv e l y  s-nature. Su~ in ar s- s - s -’
case , t he A II— l h eli c cp ter inheri ted its - d o n s - c - s - i c  s yr t  ‘s-- c-s-n fr c-s- . t h e

, a rc - I  no s c a lin g  w a r  n c - c e s - s - s a s - -y  to  s - s - c - s - k € ’  t h ~s- adc- :~ s - ti - c - rs -. ~
stead , t h r s -  A H — l  was sca led  t o  t }s -c- a v - s -u i1a~~ie  dy s - s - x c - : c - I c  c -s-’ r c - s - rcn er s - ts - .
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I t ,  ‘s - h e case c s - c -’ t i c - c -  AiI— ~s- ( is - s - s -’j e r s - ’ - t L s - - c - 1r’:s - c - ’s t- s-,’. c - ’ - s - s -

were s - s - o r - s - awn - at  d i t ~ s - r a e - c - s - n ’ -  . The - ‘h - - ,’ ’ - s - s - c - s -- -  a -  - ; e  - ‘ c - s - s -s-s - s - s -’ s - i-s--~ - s - .

a s-s -a - -s t e c hn o  legs-’ h - s -h r - i t -  had t e e s - :  s ac ces si ’u l  ~‘c- .s-, - r s - - n - s -- o r a E - s - c -  O r .  a

smal le r  p r o t o t yp e  v e h i c l e .  I s - , c - - s - s t , h - c - ,” S - c e s s t u  c-

was t h e  b a s i s  fo r  t h e  sy st e r ’c -  p s - e s -  s - o s ’ -  s - s - s - c -  t~s - € C” :. ’ n - s - s -c ’ s - .  r.

t h e  course  of ’ t h i s  I s - ve l ca  , th s -n -  s - os-. ’ c - - s - c ’ s- s- ’ ‘ s - -~ ’ ‘ cs-

u p t h e  old s y s t e c - s - s - .  hu t  ic - c  r ’ a r s -  t s --,n ’. :1 c - c -  t - s - s - , l ’  I s -s- s ., c -~ - ’ t s - a , ?s-

se r ious  r o t o r  c o n t ro l  is - s -~~’ a n I i c - t i ’ a -s s - n .  c’ - s - - ’ n I s - c -  c - i - i  - c -  ‘

P , l t h OU g h  t h e  e x i s t e s - c - - :e ‘at ’ s i c - s - c - h  s - s - :’ - t L ’ . s - s -  :t  I s-s-s-- s - c - hr -s- i - s - - n - .  s-’ - -‘ n Yc-’-

Ir .  the  es-ar l Ier  v e h i c l e , i t  ha s-c- L t - - s---r c- n -s -s r : h l s - —  ‘
~~~ s - c s -r , h - ’s - - ,i ” s - h ’

f l ig h t  e r ,v e i ul  a- cs - c - - s- c - s - a r c - c - c -  s - us - c -h ccs -s -~~l ’. los-s , ‘ ~~~
s-s- ’ s-,’ c ’s - os -  c - i c - .  ‘ ‘ ‘- c - ’ .

T h Is  n-s-a s-c- n - o s -  p o s s i b l e  ‘ -: i s-. h t s - s - s -  10 1’ s- Os- ‘ ‘ s - n - -  r.~~c s - t  c-es , s - c - .

disaster i--s -s-a :;u l t e s- .

-
~ s - C s - VS a i/e l s - s - s - ’ o i -  ~e -- c- a s - c --a~ 

-‘ s - s - c -’ s - e ” s -’ c-a’ s- - c- ~~~ .~ 
‘
“ c - ,

h - s -s - i c - i - s  f o r  I s - c l - s - s - a s - s -n - h - c r  d e c - c - s - s - a ’. (s-c- s-c- c - s - s - c - -,” s - - n - s - s - c - ’ ”. “ a’ s-n c - : - s-s- s - s - ’~~~~,

t i n e s - ,  -do “s-- h- se ers - t -  be good s - s - c - n  i -id - c - n ’ s-c- ,- ‘or - - c - c - - L -  c-~~c- ’ s-~--

me ’s - c . h a t  s-s- s-s-s-r- i s- ’s - in c - o n - p c - s - s - s - s - i -n ’ s-a ’ as - s - ~ — ‘ a - s - ’- ‘ 
‘ - ,s-.s-’ - - ‘s ,

a n - s -c - c -c- a ,s-c- t n - s - r e - -  i~~a /s - s - na. n - s - c ’ s - s - ’ ‘ z s - c - ’ ’ n - a : . s -,’ ~~ a z s - ’ , ’-. —

n ’e 7-op ’- ’s - s - - n h -  c - - s - - o s - ’-’ s- -ies -f h - I s -~~ s-’ s- s - s - c - c - s -I ’ s-c- p ic -s -s-s-’ c l ?  s - s - ’ d c s - - -~~e ; i  r s - s -~~c-

d- ’~a s- s-s- s s i e s - c -  u n d e r  s- c- cc -c-s-o ’ s - o s - i s - s -c s - c - - s - s - a - -  ‘as - i - s - n ’ a.s- 
~~.

s - c-Il” h - c - s --s-c- s-c - , h -be s ‘s - c -  l as - s-s-4 o f ’  c-n , : ? ‘ - -
~~~ n c-n c - s - n  s-” ’~ 

•
~s-~s- c- - . - -  .- a

s -c - o s  s- c- c-s-c- - e s - z r  to  ks - c  as- we l l  c - s - e~f e c-’ . ’~~ood s - c - c - c-~~ ; h - i n c r - : - ”~~-o ,

n e c - c - s s s z r c s -  s - c s - t es t  as-s-d a:c -al i”a Is- s - n: ” i - n’ n — sn ’e ” s  -
-‘ “s-c- c s - s - e n s - c -’

-a t- c-s - I c - e a r  ,“s-a l l  s- a s-s- s - n e .  : I s - e c - I c -c-~~ s-~ ‘a s - s- a f z s - ~Zs -— r ’ - ~~‘ c - b~ ‘c - Oh-

o a s - n - r r s - s - c I, - i f ’  t h e  t e c h n o l o g y  S s-se in s-s-ad b e s - s - c -r. / S V ,  - s - - n - C

s c c - c p - a r c  i n s-, or fu r s - inca s - s - s - c - ’ a s - l,s - s - s -’ l s-  s - c - a ’ s -] ‘ s o’  /n ’s -  P s - . ?  i c e s - c -  a s - a s - ’ - —
p l s -’ .s- ’ ls-s- d.  In h - m i s - ’  e s - s e , ear y ! e s - c - e i c l ” - c r t  “s-s- g in t  ,s-~~c- c- s - c - c - v

s-s- e ,c- -’a p s- s- c - c - c -c - [-l e, Is - c - n’ c- .t w o u l d  in s - s - c - s - c -a S c - c s -  i c t t - c-’ t s -  h a v e  he ld

n - a  c - s - h e  s - c - c v e l o~s-rc-s-s-s- s -n -t u n t i l  more s - - s -c - o s - s - I s I s - -c a c - s  c - c~s - /  I s - n - L i e

a b o u t  n ’- l - nL - c - e k i n d s  o f ’  sy s t e ms .

F . H E L I C O P T E R  W E A P O N  S Y S T E M S

Hel i copter weap ons - systems h ave  c o n - s s - ’ t u t e d  e xi s  i s - - s - g  or - c s - c - n - I
or a s - c- h a s - r i m e  ,—c-ec -i s- s- an s  a d ap t s -s- -s-I to hci Ico n -h -er - - s- r f n - c s - n e s .  A t  f i r s t ,
su ch a ce s -m p h - an ’  Ions were r e l a t i v ely  ~cr I r s - i t l v s -~ ( e .c .  , har i— s- a -s -- a s - c - h -  Ing
n - s - chis -~-n - c’s - c - n ’ s -s or r ’ ( - c s - s - - r- t po ds on l c r d s - n g  c - s - k s - I s - ) .  Th e n - , r s - f t e r
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s - h e  s - c - s - s -’ t ’Ic Y-n c i e s  os-’ t h i s  h- s-V ie -  of adapti on w ec - - c- recognIze -i in ,

ths -s- s-- cs - n -l i -; l h - Q s , t h e  c s - s - s - s - s - i  s - r s - e c  s-: s- I ’ f c n - t s  of h e l i c o p t e r  rc-ns -nafac s-Lurer s

c -c -n i n-, -s - s - am p es-s- ‘ c - s -n c - s - f ac t  s-c-1-’cn- .s-s- eec- s-ui te s-  i r s -  f l e x i b l e  c - c - i d e  m o u n t s , t o n - —

c - - s -s - c , s-s- c - , i  s - rs - h ’,’ersal s- s-ylc : rs- s on w h i c h  a v a r i e t y  of weapon  s-c- nc -ouYi

ic- s-a c c - i r c - ’i e d  s - s - c - s - c -  o~ cr- cs - ted , This activIty eventually pro duced t h e

c- i c - - a ’ at s - -s - c - c - s - nt s-c- t. arc - i n - h - c  s-i’s -ted p r c t oty p e  gu r s - s h i p ,  in w h i c h  h - c - co
s - s - i c - h - s --c-c- s- - - s - c - n - s  s - s e e s -  icc-stalled Ir. .a turret , ch in-—moun ted cs-n

c- n ’ s-, i l—1 3 ( : 1 - s - - s - a x  s- ’ C O U t  helicopter). ‘2he aircraft was cos - figur- ed

i s - i ,  s - s - s - n - s - s - - s - s -  s e a t - i n c - i s -  t o  r e d u c e  s- ir s -m g ;  a lso , s i d e — a r m  f l i s - s - h h -  c c r s - —

s- c - s - i - s  s--;~ s-n’ e i s - s - s t a l l e d  to p r o v i d e  s r - s - s - c -  for -  th e  gu n -n - e r ’ s si oh s - .
Th i s  c- cs - s-. s- s - r , s - c - c - s - s - t  I s - - n ’ .  e r- e t : s - s - - v r s - e  , c - - m i s - Ic c -h h ac - s -  b e e r s -  a s s emb l e - i  us - c - s -c - er

ThA I.  c-h~c - s - s - : j n-i” - , t ec- s - r - e the bass - s-a- f a r  a f u l l — s c a l e  n-s - es - c - i s - on - he - li— c --c r s- er’

dc ’:s-s-s-- l  n - c - s - v - s - n t  , n ’s - he  l s - i s - ~~ l . The c l er r o n s t r a t  i - c- n ’ s -  s - i - s - s - c  evo s - s -- :ed c-c- is- c s - c s - f l —

n’s- os-’ t r a s - s -  P A l s -is-S (A c - s - a - a - c -  Per ’  s-a l  E m — c s -  S c - s - r s - i - o r t  [l y c t  es - c- ) . T h i s  sac

s - cc- b -  a c - J s -’ns- Yr s o n - i c - i  s - t I  - a t e - n -  i s - -. l ic c r-t cr  s - s -s -c-s-s- c - a-c c - c - s  air cr ’s  i’s- ,

i - h - s  s-c-~ ’/Ci - k s -s - n ’ s - s - c - s - c - -  was  n - c s - C s -  c c s - s - . , p l e t e c i  ( see  r p r s - e s - s - d s -  x 
~~~

) . Tbc Arme d

A ’ s - a c -k  I i e l i c ct t e s -- ( P A F )  , res - a c c-1 ’ li-i in  c - s - r s - s - s - o t s - ,’p c c - s - s - c - p - s -s- i t s - o n , i- s-
c - c - I so s - - s - s - c -  u uts -n - -s - s - ;-s -th of this earlier s - i a- v e l o p r c e n ’ c - h - -  . Ever .  i n -  t h is
cc - s o , ic - s - :r - s -c- -ver , n ’s-c new weapon -s  h a v e  beer . Iev~~l ’ s - s - rs - s - t d  expr -~~c-n s 1s-~ for
- h i s  s-:s-’sc- - em.

( . P S E R V,,,i’ I Cc- Z I S :  l l p i - c a i l y,  h e l i c o p t e r  w e o p o n c e r s - s -s - s - -; i n n - s
— i n v o l v e d  the  i s - c - t e g r a t i o s - s -  o f ’  an e x i s t ing  a c - c a p e s - c -  s - nd  a

fin-c a n t r o l  sy s t e m  w i t h  a h e l i c op t e r  a i r f r a m e .  Vo

‘s - s - n -o s - c - k s - c - c - s - c - b e e s - c -  ds - s - s - c -~~ l op e c - d excluo-i n c - e l y f o r  h e l i a c - 1 s - h - c r
use- . E s --a s-hen ’, c-s-cs - s-p -o s - s -s inare I sen adaps-ed to tIc- s-’s s-c- se,

c- o n - s - n - n ’ a’~~ e c - s - — J c -’t o r  s c- i  s - i n s - c -  cors - n s -  l e a  i n t eg r a t i o n  p r o S  l e n - s .

‘he ty r o~ s-s-’s-s-c- i L - e i s - s- c - c - i o r ’  of ’  t i n e  c- s - n - s - s - u s t r c - s -  ha s-c- I c - c - e s - - c -  to
d e s - c - s l o p  p r o t o t y p e  sy s t e ms  un d e r  I i?s- ,4D a s - n d h - c - c - e n  t o - s-’ s- c - n ’ s -c-s - r e s t

h -he n - a s - l i t a r ~c-i i n s -  f ’s - c -s-c- s-ing f u l l — s c a l e  s-s-z’c v e Io ls-r c- s - c - s - s - t .  k i n ]  s- c,

s-’ s-n -c- s-c- as- c s- a s - s - c - c - e s , s-h- Is- s s - / e v e  lcr - ’s- c - s - s - t s -  n - ca  i n s - s - c  i s - c - s o  l i ’ s-a c-’ c /  a —

nc - d s- c ”c-s-- c- t changes in the pe s - s - --ip I-s- c-s- rcz I equ ipmen t U s - c  s- i  f’s-c- n’

the w e a p o n  s y s t s - - s -c - , t hey  d-L s-i s--s - o f i n c - c - cs- i-s- e dsc-, s l o p s - s -c- - c- s- -s -ns a’

weapons. Is-c- none o f  the  s-c- s - c - a s s  was  the  a i r s - a r ’s -f t  s - d e v e l o p -

4 
n - s - a n t  si p s - s -ns- j ’icez n c -  is- impeded by a wear s-on s - d e s - c - c  7 c r  ‘s - e s - c - h -,
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O nce the  - c o ap o ’c - s  i s - s - , s -! b , c - e s -. d€ s - - s -  lo s- s-i under os-Ic -er

p rogr s-c-’c-s s-nI s - s - c - crc  s - n - s - ’  s - i i a b l e  ‘_ . r  ] s - s - k s - s - r s-s-~~ s - c - n s - e  i - - s - c - t i n e

c - c - c l  s - s - s - o s - .  h - cc - ’  wea r s - s - c’s - c -  s - a s - s c - e s -  5

G ,  R A D A R S

The wean-on s - v s - t e n ’ s -, r - s-s-dars t h a t  n-m e h a ’s -c  looked at in  t his
s t u d y  I n clu d e  t h e  A fs - G— l 8 i n s - t e n d e d  i’s -s -a ’ t i c - c  1 — 10 8 , Y F — 1 2 , ~~- l l l B,

and E—1 14A .  C r i gi n a l l y  I n.  191- 9 , t hi s  radar  was a c o n c u r r en t  de— —

v e io pc -r s - s - r s - t  f o r  th c s-  - - — 10 8  s - s  -~r - t - J  s -n e .  ~io w ev e c - - , when  t h a t  a i r -p l a n e

pro gram was - s - c - s - c - n - ce l ed, s-- h e s-cc -n -s- s-r - s - l e v e l s -  s- -s - c - s - s - s - s - n t  was cc -n t  Ir ,ue d  fo r
use in-  th s-s- YF’—1 2 ( 19 6 0 ) ,  t ic - s - s n is-i t h c -s-c- c- ’— i I l B  ( i ° 6 l ) ,  - s-c - nd f i n - a l l y

( 19 6 7 )  in t he  F — l s -s - c -~ . Ps - tn - s - u s - s - h the r a d a r  c--s-ac ch a r c - s-e i  s- crs -c-e ,s -c-at

for  e a c h  a p t - l i - c a t i o n , i n  i t s  c- i r s - a l  rcs-le i s - a  t h e  I’— l c -~A i t  had  a
m a t u r e -  s-J c- s - s - s - , s - s - s -  that cculd n s-r cvi -i -e t rc -c r e q u i r es -  p e r f c s - r - s - s - c - - s - n c e .

The PP c - — 6 3  radar , wh ich Is s- s- s- ed ur n h-he P~ 15 am — I - s - s - m e , is a

d e s c e n d a n t  of t h e  ASG— l s- . But it empi es-s-s sons-c s-s-cs-des of c - r~erat i s - c --c-

t i s - a t  s-s- r ’c d i  f f er e nt  i -r o t  t hose  of t h e  AS- n ] — 1 8 .  The - s - r e s i g n  was
bases- origin-ally on ccs - s-~-any fuc - deci and ThAD f u n d e  work  a s - c - c - i  n - s - as -s

selec ted In 1968 after a funded cos-s-c -c-s--ei s - it i s - an , n’s-his-h involved

f l y i n g  b r a s sh o a c s - s - a  r ’adars d e v e l op e d  for  c on r e t i t i v e  f l i g h t  e v a lu —

- 
s - t i c -n .

S i m i l a r l y ,  the  radar ’s fo r  the  y — i 6  s-nd ~— l 8  o r i g i n a t e d  f rom

I n d e p e n d e n t  w o r k  on new radars , which  were  b rought  to a stage

of laboratory ders -c -ons tration and then funded by the Air s- Forc e

for  use  on f l y i r s - s- -
i- b r a s s h o a r d  r - ac - i s - c - r s  t a i l o r e d  to the  E~~l6 s - c—

q u i r e m e n t s .  Both  t h e s e  radars  are b u i l t  to accep t  m o du l e s
t h a t  w i l l  inc rease  t h e i r  p e r f o r m a n c e .

O s - T h s - V s - Y P ’c - i :  S c - oh os -’ the  F - i4 s - 1~ F- iT , s-n- s -ad F - l ~~/ i 8

radars benefitted from pre s - ioc - us gove n ”n rs -en t support os-c-

o ther radar progra ms . The F-14A and F’-15 radars s - c - re

r lineal descendants of the ASG-18 , s-s- c-s- -c-s- p -in s -a lly develop -ed

f o r -  the  F— 108 (canceled) and l a t e r  used  in t ine  Y F- l h -

4 
and F-ill. The F-14A radar is a s o r n s a ’i n a t  im p r o v el  A 8 1 - 1 8 .
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l i n e ? —i t  ra i - - c - c - ’  r ’ s- ’ s-a n s - ’c s e n t s  as - c -  -‘ n t s - s - c - c - s - r s - s -c s - Z s - z t n s - o r s -  ie  n ’s - e r - ”c r n - —
a s-s-c- ’ c -s--i s -h i  s-s- t h e  c r f o s - - r s - c -s-’s- s-n s-o e I o u n d a r s -~ o C  s - h e  F — i  44 r s-s-zdar,

i - - a .  t s - i  s - in a ncs - s- m ed i um  PR ? n--n os e .  c - i s - c ’ t- s-s-o F — i  s-i r ns - z rc - ’
c-s-c-s i s - sc-I f ’s - c ’s - s -somp any— f c -~c- nJes -i de ve lopmen ts , as ac -e li as

sc - s - I- s ns -n - s - c - t i a i  c-’s-s- s-’ c s-r ’i ou s  posers-a-s-ent support of oper a tion al

and bra s s-a boa rd  r a d a r  d e v e l o p m e n t s .

Tic-c F-15 and F-16 radars are examp les of r ada r  i-c-
z c -c s - l s - s - s -a s - e - n t s  wi th in the maximum p erf ’orma -s--s-ce supported by

s-he as -c - ai l s - i - ic technology base or state of the art. Pa-

per~ c s - s - s -’ed co’s-c-tractors can be expected to develop such

c - s - s - c -l a s - s  c - -i- s-
~ in low r i s k .  Also , wh en the state of the a r t

1’ 5 s - s - r o t  be- i n s-’ advans-’ed, s-s-cntr aas-tors can make tradeoff’s

t l -, c- c- t n ’s - e r s - ’s - i t  f ? - c x i ! s - -i l ] t y  and c c-c-s- r epro n ’c- i ses  t h a t  can re-
duce s - c - ac - - a s - c - s - c -. s-’- ’s-s-c-rcs-aver, as-hen the state of the a r t  is

s-s-n’ s i i  s-s- - i s - s - s- c- s-a s - c d  s - a mp - s - n - r e d  to s-sins-s-r s - s - s d emanded  o f  i t s - , th e
c- s- - s - c - s - I-a r n-s - ’ o : ’s - c - r cc - s - en r  o f fe r s  l i t t l e  r i s k  h - s - c -  t ic - c sch e d u l e d
des- s  l m ~s -s -  s-a s-a n t  o t ’ t t s - c :] r c i - s-s - c-s- ” s-s-.

C e s - e s - c - s -s-- z i l ’ ,s- , i’ s- c - s-7c- e Z a ~~e s t  d e s - s e l cp rs-s - c - n t s -c-c- s -f  t ic - c se
r s- c - d o z r s, 1- h e  a - o n t r a s - c - t s - c - r s  had s - n a z i  t a b l e  s - es - e r a  7 c- c-ia! :  i- c
:c - r- v~~o cn s - c - i n c - s -s - s  f o r  cs- - s - c l -- ,ns-c- c c - bs y c - c - t e r - s -. , 4 1  ts-h o u s -c-’k , in  some ca ses ,
t h e r e  s-cr c  s u ?  s t - s - c i - c - s - a l  -li s - f f e r s - n s - e s  is - c - c-s-h e c cs-c- r ’s -po ncn h- s-c-

se l ec t e- ’  by t h e  J c - s - f ~~es-y ’en t c s - c - o s - c - t r a c t o r s  f o r  t h e  sa c - s - c -s f u n - s - c - -

i - s - s -on , b o t h  o u t c om e s  were sat sf-actory . The previous-

]cae l o~s-- nc -s-enh - h i s - s - t - a n y  o f ’  t h e s e  a i r c r aft  r a da r s  can b e - s - s - o n—
sid es - s - - c I - n--c- s - s - s -~ -i cs-s - p e n : i e s - - s -t d e v e l o p m e n t  t I c - s - t  led to the  F — i - i - ,
~~_ ] 5 , s-c - nd  F — 1 8  n-’ ,’ I s - s - -s- c-c- , a Z h - l c - o c -~g h t h e r e  s - s - a s c o s - c - c u r r e s - c -t
s-,’ €s - s - ’e l op - ” s -s- s- s - e t  i-i’ re ,’ s- s - c - s - a  s - h e  s rs--s - c - c i f i e  con ~’i ou r a t ] cn s  c - s -n

Pc - s - s - s - s -a l l y , it  appe s-n -r s  s - l c - n - s -  s - I s - e s - c -  t h e  s t a t e  o f  t he

‘ c - - ate o,- ’ t ; c - , s -  op t  i n  r c i ar  c - s - s - well advanced compared to

t 1 s-~~~ r - e r f ’- r ” s --’s- ncc - a s-/ e r- - c-n / s  h - I c - a t  are  c-s-s- c s - S e  upon  i t  ( i . e . ,  h - s -in c

‘ s- - s - - s - s - c - ’  s - s -c- c-s-ons s-re c- ’o r l - ’ ] s - s - c  w i t I s - i s-: t i n e  s t a t e  o f  t h e  a r t  an d
n o t  s - s - J s - ’ s - n - n s -~~s-s- s-z g i t ) , t h e  d e v e l o p m e n t  can en -p l -s - a s iss  h -h e
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a s p - e s - c - s - s  t ic - s - c - i- s- zn ’ s- s-s - o f t e n  s - n e g l s -- c - s - s - ’ t e d  i s - c -  a d s - c s - s - s - s - - i n n -  n’s - i n c

s c - s - s - r e  o - ’ t ine s - s - c - - i -  s - c - c - s - s -’I c -  as s-t s -~~~o s - ?~~~~’ c -’ 2 s - u - i t y ,  s - -: s - - t , and
Ri ’’ . (‘o c - s - ’ e a ’ c - c - e ls - s -- , I ’  t i c - c’ s - s - - a t e  o 5 h - 1 s - c cc - rh -  i s  bc- i s-c- p
p u s h e d , os -c - e s-s- a s - c - e s - t e c h -  t h e s e  o i - i n s - cr f a c t o r s  to  s uf fe r
a s- s - b e  c — s - c - i - c - e s - s - s - s - o r  cncs -~s- s - - t r a t e s  on “s -ec h - c - s -ng  p e r f o r s-’c- -s -c- s- r s-’e

s - s - i s -s - s -,s , s - s - r i -i ‘ s - s - i ’s - r i - s - c -  if  he is l i m i t e d  to a

s - i s - c - s s - i - / s -  ‘a s -s - t o r n - i  s - c - h o a s - s -e O
s-’ a r ada r  c ’s-s- rs- r s - - s - s - - c - e s - c - t .

s s - s -  ‘in s - i z ’ s- a . s - c - s t a n s - s -  s , a s - a ( s - s - n t r a s -- ’t o r  may s - l i p

c-c- • ; s - s - s -~ s-~~~~- .- s - an d  ‘ s - n - c - i-- s-c - w ic - ’~ ?- c ~c - ’ s - -in q  to  m a C e  su c h  a c o r n —
: u v s- s- c - c -  s - c - P s -s- r o s - - e r l c - s -. I n tn-c- c - c  s c s - s - s - s e s  n s - ’ the  F — i T , F — T h ,
s-a s- c - n- ‘s- — I s -  r ’ c -  I s - i s , c l - - c s t a r e  ~~1’ t i n e  a r t  s-s- s-a s s u f ’j ’i s - c - i e n t s -l y

~~~ s- s- .:~~~~~”s- , s - s - e  s- cs -’in n o l op s - c - suffi cientl y advanced , n- n d v ine
r s - s -c - k  ‘ c - s -’ s-c - , ; ‘ c- l i -  /es-’eThp cd. As a result , there s-s- s- c - s no

i - s -s - c - c - s -s-~ ‘s-s-c-’ c- ls- i- c  n - in  i s - c - t -s - s - p z ’ a t n s -s-s - z t he  r a d a r s  s - s - l i - h i s -, i - I — c
r i n s - s - c -  / ‘ c - i - a c s - s - s t r a i n t s  o f ’  t i n e  s - i c - -  s - s - s - -s-a f t  a s -n d r e ta i n i n g

s - s - c - s - I - ar Ts- s - s 2’ ’O Y( n a s - ’ c - s-s-c - c -’, s - i- e s - s - p- i  te the  i-s  lative ly sm all n ’s-So-me

i - , c - s-c- t h r - s - s - i - c s - i -  i - i n s - .  a n t - e s - n c - a  s is c.

H. F O R W A R D - L O O K I N G  I N F R A R E D  S E N S O R S  ( F L I R S )

D u r i n g  t he  1960 decade , FLIR S a c h i e v e d  ver :z good perfc s-rrs-an-ce.

But the  marke t  was l i s-a i t ed  and u n i t  p r i ce s  were  h i g h .  ~ i~~h si-rs -n-c
-- encouragement from ODDR&E the Ar c-s-c-v ’s I igh t  V~~s i - - a s - c -  L a b o r a t o r y  (~~~? 1 c-L )

at F t .  Belvoir , the lead laboratory in the infrared area , s t u d I e d
the  rs -c - a a -ket  ari d concluded  t h a t  the s-a-i a rke t  f ar  F l IP S  could be
inc reased  c o n s - s - i d e r a b l y  and p r i c e s  reduced  s i g n i - f i s - s - c - a s -s-s-tly t h r ough - s-

a major’ standardization effort . s - P s - P. u s e s - c -  it -s Cosition as the

na ,s-c- or serv ice fund ing agency i ’m — i - s - c - ? s - - -s- c - - - P~ D to force the stan—

dard ization of IF related de t ec c -or s- s- arc--i s - h o c- t h e  s-i e v el c p m en -t  of
des igns  to fo rm the  bas is  for  a ns -  an - i a :  l s - s -’s- lo s- s-a e f f - c - ’ t .  Apar t

f r a n c -  t he  deve lopmen t  of s u i s - t os-t ,e s-i~~ Is - s - r , c - c -, t n - a  s-si: r -c - - s- c - ts - n - s -  ln ~
cluded adequate documen tatior. s-rd the s - r c - -~~ el  s- s- ’:n t  s - - f secon d pro-

s- duction sources for the van us rs-s- tnl~~s c- s- i c - a s -  c - ’c--g ose -s - i  t b -s -  designs.
In the program , it became s-lear t h a t  t 1~~~’

s- c-
s-- op- s - c - l i ’  p h i l o s o p h y  d i c t a t e d

the requ irement for iocumentatic- rs- . “ Fo s -’ c - as - , f I t , ac-s- -s-I f u n ct i o n ”
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st a n- i s-c - r d i :u t  i on  c-s- s-ight Ic - ave  been  a d e q ua t e  for  t h r s - a w a w s - s - is- s-’ rr:cdules.

?s-s- c- fo s- - s- s- cs-jules t hat  were  to be repair’ed i s- p t h e  s-ac-ilitary scr- ’,s-iae s

s - - s -~~ h - c - - s - h  s - s - s  -by the  c o n s - t r a c t o r , i t  was  n e c e s - s -c- :ar y t o  car o-l t h e

s- os - s - f : c- ’ur’ s - t  t a r n  s - c - c - s - n i  t - a c q u i s - - e  d e ta i l e d  i n f s -- s - n s-- s - s - s- s - s - i o r .  on t h e  i r s - i - s -  on-al

c - a s -  :- s - c - s -
s-
- t , c - o s- - s -  of  i -h -s-s - c - s - s - - a s -s-i-a le s .

s - h s -s- c - s - c - - c  er’s - c - s - c - t o  d e v e l o p  a st a n d a r d  FLIR s-s-n i an a d e ’j u a t e  p r o—

i c- c ’ s-? c - c - base took  f i v e  y e a r s .  The r e d u c ti o n  is-a rs-r’ice that tic-ac-

n - c - - - en ’s -n - ,  s - n c - c - s  p tels-icu is s ign i f i c a n t . In t he  case  of t h e  ~ C W , s - s -s- c

is-PIE sy n c - s- s - s - s - s - a. cost  has- been reduced from ~6? ,000 to  111,000 ( R e f .
c - - a  f o , -; s t a n d a r d  FLIRs  have  b eer ,  p r o d u c e d  to  d at e ,

- 2 -s - s -as -  r a n ’ s -  c-~~ h - s- s-~ is- ee c - . c s - a s - s - s - p  leted i s- s - s - s -s- t h e  is- os-c-c- p f o r  a la ree  n u n b e c - ’

on” s - s - s - s - s - s - -
c-a ,s-s- ’~s - s t e c - s - . s.

7~’r, b c - al s - s -c - a a s - I s - s - n - s - s - s - n - -s - c  o~ h a v i n o  n~ c o n -p - c -

s- s-s- s - i s - s - s -. ‘s-P s-a’s -  o t h e r  s e r s - a - i s -s- ’e ors-a - s - n i z s -, tn -s - os -s- c ’ i n  t i c - s-a i s - : f ’r s - z r e i

a s -e s- . I~ c ’ s - c -’ s - z e c c’c-s-s- s ’s-c-r c - c - f o r  ,~s- VT- h- s - s -s-’ s - s - i ’ s - s - i - s -s - c - P s - n  i t s - c -  c s - a n —

s-i n s -  s-0 o f ’  c s - i s -’s - s - s e  f o r  :‘is - e  ~ es - r a  i-c s - s -c- c o n s -~~ s - s c -  t i n s  s t an -

/ s- c - r I s -’ a - c - s - - ’s -s - . Is- s - s - s -- s - c -  al - c ’- ; s - s - c s - s- s- s- s - s - s - o r - a ’  t o  s-n-s- s- s- _ c- c-s - a c - as - a  o f  cs - c- —

s c - i r s - c -’ n : 7 s - s - c  l u — s - s - s -s-c- p c - s - a - i s - s -  ‘i- s- s - o s-- , b y c - s - s - a  c c--- a ’s- s- c-s -- c s u s - c - ’ s - i - s -’ c- s - c - s -- s - ’ c - c

“ s-c - i s - c - t n - i s -  c - s i - s - i - i - i c ’ s - c -. Ti c - c-s- s c s - s - t s - -’ i - ~~s-I s - l - c -e d c s -s- ’ s-s- na p - - ” c ’s - :t

0 a s- s- s- c - s - h i - s  c-’ s-~ I s - c - s-’t / o n  do t s- c - s-s-cz - ’in c-c- a s-s- a s - c - s -s-c- s - c - - c-

1 c- s-a- c- . It  a’s -c - s  s - i s o  s - s - e s - n s .s- s - s a r y  to d ef i n e  t i c - c- c- - e s -s-s - - a s -’ r p s - s -’ —
t o e  - s - s - s - i n s -  e zr’ s- c- ,- s-as- s - t h a t  -s-s- s - s - s -f ig s - s - r a t i o n  c ’- s - s - t r o l s- s- ’ s - s - u i - s - i -  I s - cs-

s-s- - ’- s -
‘

s-
s - ’

~~~i 
s - s - t e d  n ’s - ’  n e s - c - e s s a r ’y ,  f o r  s e r v i s - s -c-c- r ep  s - s -’ c- - . i-” s- c-s- s-c-

s - l i - C  c - s -  f ’ s -- a s - ’-  i - i n s -
_

c - c - ex a mp le  t ha t  a s t r o n g  s - e s - D- n’ s- g u s -’ d s - s - s-s- p

on ’ s- - s - i s - c -s-a c- s-s - a ’ s -, s- s- s - c - na !  be O s- ’ d e v e  l o r i s - s - c  I o s - I -. c-s-e s - ’ i n s - o  I s - c - as - -

s- s - a s -  s - s - c -  s - s - - s-i, ’tr s-~ s - -s- s- c - c -c , c - s - s  c ’ s - c - s e n~~c - a l -
s-
~

c c  - s - s  -s-
s 

- c - c - o s -  l a o  s - - i s -s- - s-s- .

I . S E R V I C E  A C Q U I S I T I O N  M E T H O D S
s- fl ’s-s- s - - s- i - l i - s - s - a r ,  t e n s - i a ’s -es use d~ fferon-i- c-a s - i t h c d s  far ‘s - h e s-c - s - ” s - -

~~~~~
,,,

si t s - c - s - c - of s-s- - is- s -s  s ’ s - - c -  - hnrs - 1s - -s - s - re .  Tn ’s - s -c - h ’  Ai’s-’c-i -s -’ , a fo~ an- e r  sac -ch
a s -  s-s-n FOG ( R o - s - u T s- - - s - s - r e r s - s - ts - i c s - n s - a l  Cn -~~a h i s - I , i - t : - )  c - c r ’s- s - i  i - s - c - c -  i -h e s-c-

t n ’s - i - b~ s- s - ig s -c t s- tc c r c - a r - - t h ’s - - ’ s ’n- rc- J s-c- i’ s - i s -  n e- s -n e’- - are s - is --:~~1or c- -a as-c-s-i

us ’s-- . As - c - P - - ‘ i - s  - 1 s - - ’,r e l c n - e s - i  to cover  s’s-se 1-: tn~ a of c s - r s - s -~ i s - s - ’s-’

such nc -s a s - i s - - s -’ n - ’ r f s - is- s-:- - s - s - ’s- , i - a ’ c-c- l , ‘ s - r R e s- sos - c - c - i - n -’ , s - s - c - s - i -  n’a-s - v i C a t - i - s - n  fn r

a c- c s - r -iet p O f ’ ‘r i o - a r- if’
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Sa-a’s- ’ s s y n c - i - e s -- s - i s  s i - s - s - i - I -s - c - -  t s - s- s - i s- c - a u  of’ the A s-s- ,’ , exce is- a
‘s - h a t  ‘ . s-s - c -  c- ag i ’ s - c - -  c - c - -  s - - s - c - s -s - s - - s - i ’s -c s - d s-:v et  s - 1 s - s -s- s- s - s - c - _ s-s-as- -s-I s- s- r - - - cu r - s-- s - s - c - e -n s - s - a s - s t  s - s - s -c - c - c -c

- - s - c - ’. s - c  c-as-- a s -  s- - c - - . s - s - n s - n - g c - ’- s-s -s - . . Th i s  cres-s-te a sch~ - I s - c - l i  s- c -g p r o b - l e r s - c - s  , s I c - s - o e

t i s - e  :
s-

s-c- ’ s- s- c- c-s-’ s - , s-s- ’ ,:us-s-1ls-’s-’ s-c-s-s-s- s - - e  ass-s-is- i-as-h-Ic to i-he s-s-c- s - s - s -s- s- s - c - l t y  r ’as- r s - a ,-’ei-
s - s - c - s- c- a s - s - n - - 1 s-t- - s-i s - i  s-_ c - ’  t b ’s-’ t s - r s - a c- ri s-a r s- has c-s - n - s - - en ’ s -  f u r s - s - is - s - s - s -s- c- . s - -s - L r eoves-’ , t
s-h -i ’s-c-: ; 2 c c - s - s - s - s-s- s- s-i- i s-;

~~-i c-c-s- s - s - n - a -co c - s - s - s - e s -  s - s-ot hr s- ye th e  auth s - s - -I ta to i- s- c - c - s - c e -  st a c - c —

* 

- s- i s - s - s- s- i I s--s-c- ’ i - s -s- - s - c -  s - e c i s s - t s- - n - s .  I s - s - s - t e s - s -- s - I , he c-s- s - ac - s t p e n s - s u a - i s- c - s - h e  r’o,s-r’s--:rs-s-

s-- s- s- s- s-
s-, s-

s-
c - s - s -s - : e c - - c -  t o  a c - s - e n ’s- s t a r s - - s - i s -s- s-n ’s- s - i  I t s -s- - s - s - c--c- . -

s- -
c - s - I : ,’ i n ’ ,  c-’ei,aui ’n s -s - l y f-s- n’:

I c - c - s-- c- s- s- s-- s- 1 c - c - C s -s- s hs-s-c- t h e  Sa vj  cc- nc -r a cs - r i i t s - y c - as - an- ac - s - er  ‘s- -b c  s-c i c - cd s-
s - s --hs-n-s-rc-ce c- s -n - c d—

i c - s - c , cc t r a i n  he cs -s- rn i r c d e i s - s - e n s - s - e n r l y  dcv  lap s-  c-c- s - t a r s- i s -r i  i s - en - ,  f r -

irs-d ual s-c s-s-c- i t s - a number  of c - a - y a t e s - s - s - s .

i-s- s- c- s - s-c-n-- c~~ does  rs - L- t s-ce a c s - s - s - s - s -s- s - s - s -s- - u t ’ s-’ s- - s - 5 s - s - , s - s - c - s - as - s - - i -  Crga r i i c a t i -  s - c - .
bc -s- a’s-- s-s--e s- - , i - c -  i s - s - iS -c -nde i s --tak- - s - r c - C c - - r - - - - r - a c - s -s- t c s - i o s - ’ e i a r  s - E s - s -s- -c - s - s-c - i n s -  S’  s - r -s - i c - s -~~~i

it ~~s - s - , s -  ( e . g . ,  inertial navi gs-s-:s-ors-:), whi - c h are-t o- cc s - S e -s-i i n’s-c- s- s -es - -c-
a s -  s - c c - - s - c - f t .  a c - , s- s- j  also to  be s-’ ec - s-- s - s - - f l  t t s -  s-i i s - a  scs-a e old os- c’s. . iac n - r o —

‘ i ’ s - s -- s - s - i - c ’  us  i s - c - s -  c- i c - c  as - s-- s - - v I c e s  of A R I :aP , i s - s - c ,  ,
‘ 

a p r l c - ’ s - c - t e  f i -  a’s - . t i c - a c

was o n -  i g i s - s -s-a1l : ; se t  us -b ’s- t ic -c  co ns - r ae r - s - s - i a i s  - s - I s -s - s - I  I n c as -  tcs - p c - s --a ’s-c- s-i c c - c

s - s - c - s - i c -  serv ices. ARIIJC r s - l — s - n c - c -s- so -s - s - a s - c -s -‘s- h ’s- sans - c- b - s - s  i- s-s-s - t e c h s - -c - i s - -ze fs-s-s-’

t c -h s- s- s- A l s- ’ P - c - -n ’ s -s-s-e as i t  has uses-  is - -, cs- c - s -s-s - v s-s-- s - s - s - :  s-i c- s-e s - i - r i  s - n ’ s - c  s - s - s - u s - n  r c - a ’- r s - t

speci s- f’ s-t e a s - s - - i o n s .
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I I I .  D E V E L O P M E N T  OF LONG L E A D T J M [  ITE MS

A s - s - s - s - - i r s - c - a r - - ;  co n s - i  -s - i- er -s - s -s -t ion in an ear ls - , -- s- s- ave lc s-p s- s -a s - s-ns-t ic-s-c-isler,,

with res ect to t h e  acqusit ls-on of’ s-s-’s- s- s- i - o r  s- s- s-t ss-ys s-s-es-as n’s- la s- s - se s - i s - -—

ve i ops - s - s- ens -n t i - s - n - s - c -  is ionic-, rela s-i-ve to ‘s -h e  othes - - parts -s-s- f a s - p s ’s- c s- c -as ,

is-s whether the s s -s-s- b c - c - y s t e s - a s -  sh c c -s-c- s - i d b-s-c t i - s -c be ve l s -  s-s- s-rs-c- s- s- s-s- s- c - s - s-n-s-i rs-s-c- ic-s- s-a s-s- s-

in t i -s- s-s-s - s p a t e s - s - c -  of “c-latch it~ la i-s- c- I s- s - c  a ps - c c - s -i s -. s - s -s - s -~s- c- cs - n c-s-s- c-s-’ s - ; s -s- s - l s - c -s - s - a c - c - s - re—

i-air-c s - c - h a s - s -i- 7 to 12 s-s-ears for system - ;-a ve ln s - s- s - s -s-s--r s - s - to  - s- 3 s -s - s-s-’ l ov s - - s- - ’n’s-

s- s - s - s-- s -s-c - o r  c s - m rs - s-p onents- c-a of ten ,  r eq s-c i s - - c  a c-s-- os - it 5 Is-c- a 10 c-s-- e s - c -  r’ c-c- of de’s-r ’ s - - ia -~ —

s-s- s-ent t im-c - . These two tins-c p e r io d s  s-s-ar . be concurrent ‘s - -~ ac- nc- c

ea t e r s -s-c . But excessive t e i e c - s - s - s -  a s -  ‘s- c - i -  ‘s- c- ’ ‘s- s - s - -s--se t i-c -s-s-ea s-a s-s- c-’ les-s-i to

pro b lems , his-cause - i s - s -c - s -c s - - ’ ant  sy s t e s - a s -  f u r s - - a t l a s - s - a  h ave bee s-a h - s - s - e d
on c s - s - s - s -a - s - s - s - c s - s - i - -s t ic s-s-t s-s-c-crc c - s - c s - a l w ay s  salt s-tie I s - s -  t h e  f i e l d .  For
crc-Ltl c- s-s-c- i c os - s - s - r s -o rs- c s - c - s - t s, it is de s i r ab le  to d e s - s - s - -s - r s - c r’-c - a e s - 5 e s- r s - ab is -  ‘s- s- c

t - s- s- p e r s - ’ s-rm under s-’ i c - s - I d  s - o s - a s - i - I c - s  -los-as-s-- , tef s- s- -s- s-c s- br - ss- s-’st e s - a s - c o n s - c - e ç t  is

f i r mly  d e c i d s - s -s-s - i . This  rne arc- s c - s - i s - a t  f o r  t hese  c r i t i c s - s -I c a r s - s  -s-c - s - c e n t s ,

t h e  las-s- s-cat ri-s-si-s -is- c is- ,-;urred ac-s-er, cons-i-s-ores-c-S ie’s-ie i L o i - s - s - s - s - c s - s - s - t  a -nd rp,s- c - —

t ern dev e l on s-s -s - s-s -a s - s - c - s -s- Si nes are c s-s- - s - s - s c o u t s - i -  s-’e. P-us- . i - c - s - i s  s-La dIe
s- 

s- s - i -  c s -s-c -i s- ,

be-; ause s - s - i eve l s - s -pnr c - en t c - a are c - c - c t  s -n o r ma l ly  i a ’
s-s-e i c - s  -a 1 - s - s - s u n s - e l y  s - s - c - as - c - c - s - er .

Rathe r , t h s - s -y os-s - n c  pushed to c - - s - -a t use fc c- i h an s - s- i ’s -s - c -s-r- c ac--s - n u t s- ~- i - l s - c -  as
s-s-°s - s s c rs-s - l o , once t he  -n i - ec i s ion  has b e e r s -  n c - s - s - - i c -  to c-s-c- c s-- a c - s -c- s- ,c1 a- i s - t b  de-

v e l o p s - s - s -s-s- n t . The re are seven s -- s -s - i  r ’ ea n s - c s - r s -s for  t r I e s -  accelera ’. s- s -crc- is- -.

s-s-j s - s -’s - j e I s - s - p s - s -s- enC cxi - c - c - s - s -irc- g h s-ars -s -i’s-’. s - s - s - c - s -s- s- s- t enn i s  i - s -s -  bes-s-’ -’c-s- s--- uLs - s-c les -e ard
to r ,e s- s- - s - c -  s-l u a u —I , -’ u p grad l s - s - ; - -, c-s-c -e s-’ s - t s - e u’ lac - c -s- s-s-s - l O O c - s -’ s- :-c- ’cr s-s-’s - c - s -es- to  s- s - s - ab e  as - c - in —
s c - s - s - s - c - s - t i - w i  i r s - p r ’ s- vs - s - s - s - s - c r c - i -s , s - s - n - I  t h e  t h c - ’ s- ’ c -s- s - t  s-s-s- s e r - c s - - i-s- ved ‘s- c ne c- s - i - o f f —
s-c ’s- t i c - c-s -c - .

- s- 

Lo ng lead s- s-i-m e s- s - t e r r a are a s -s-s- s- - s- c - s - s - -s - - s - c -  In s- -c- vs-s-r i e ’s- y of w ay s .  i-ce

d- s - -c - s - cr - ibe  e igh t  of t i c - i c e  l s - e  L O W .  s - 0 ’ s - s  -
- s - s - s -’s- s - - s - e s -I s- s- s- c - S  E i - I s- c-r e- u gh. H

represent del i-is-crate as-s- s- s-ps in wit s-i- o h  l ong  1 s- s-
s- c- ’ i n - c - -  I s - s -s-s- i- s- i c - c - a re  las -c-s
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s-s-
~~~~~~~~~~~

b ees - s  -c-s-c qs - c - i n ’ s - s -s - i  is-s- n c - s - i s - s - c -  i - s - a s c -s- ; n c - s - a t  h i s - s -s- i  a C c - n c - s - i  D s- s - s -I s-’s- s - s - s -s- - r a t  s-- s- - s-s- s- n c - d e l  ib —

o r at e , a i r s - c - -s- s - s r .  s-c- s-s-- c l  c - c - s - s - n c -s- s- c-s- s - i , s -- c- s- s - s - i s- - in  vs- l a s - c i a  s- G s - s -~~c- I - s - s- s-i- i s - s - s- i - c - c - s - a s -

ha s-ce ic - eec - s  - a c : : s - c - is- c- ’ c - -  s-
. br- e s - s - u s - s - s - s -’ i - s - ’~ a s s - s - t - c - s - y c - c -c- errs- c s -s - s - c- c- s-e -c - i r s - t o  s - s - x I s - s - s -s- s- r a cEs -

s- s - s - s -  s - s -
s- - s - c s - s - -c I s - s - s - s-c I s -  s - c - .  o f ’  t i -s -e s-c- s-s-s- r s - , s - s - s -  l a s - : -  s- c .

A . D E V E L O P E D  U N D E R  T H E  P R O G R A M  (C F E )

it s - c - t i c - i s - s - c -  c c-s-. c - c - s -  ‘s-- h e  cs - s - c - c - Sc - s - s - c t 0 s - i s  a n - s- l os - i s - a  ,s- s - s - c - Js - sv st er s - s -- s- c - S s-s-a c - - c -s-

c-s- c-’ t h s - - c-s -s- s - s - i - s - - s - c - c t  s- s - n ’  s-s-c-s-~ s - s - s - s -‘ c s - c -’ s - c - y s -c - t s - s - c - s -s- s - c - n , s - i  s- c l - n - l i - es t h e  s s - s - b s y s t e s - a

c-s - c  t s-e s- s- s-~ s-- c - s -  s - c - ’. s-s-s- a c c , c - s - t s - s - a c t o r  t ’ s-c-s-s-’ s-a is -~~h s - -c i -  Cs- s - c - -s- c- ls- ’ c- T s - s -s-s - c - P s -  ( s - ; FE )  - s - c - s - i - c

o s - f t s -~~ c - , ,  t s-c is- c - c s-c- s-s-- s - t s - e s - s - s -  is s- c - s - s - s - is- s - s - c - s - c s -s- s- i a s - s -s - s - c -  f a b s - i - i c a ts - s - s -ci by  a s - a b c s -s- s - r i —

t r a c t  on - c- l a s - s - - s - s - s - a r e s - c -  t o a s - s-s-s-c I f  i-s- c s - s -s-c - s -s - i c n . c -  s-L a i d  s-s-s - u ’s- b ’s-’ t he  i - s - s - i s - s - a  C ’s-
s - L —

s- c - s - s - c - i - o r -. s-
s-

s - t s - : i - o s - c -s - s - L y ,  s - h i s -  s-as- s - c-, the s - I s - s - s - c  s - u  i s- c - s - I~~ s - i - s - I  cs - s  - € c -
s- s- s - s -n -

o u n s - s - i ns - I l  i - i s - p (1 Is - s - s- s - )  s - c - . u a t  s - s - a s - c - i a - c e  ‘s - h is -  Sic -s - . of s- ’c-s- es- ’i St s - s - s - n ’ s - c i s -s-s-- ’;s-s-- Is- s- s - s - s - s - s-s-s - c - s - t

s-s- s - s - c ’ s -  as-a I s - s - hc - c - L c - c - t c - s -~~’s - s - s - ’c - s - I O r s -  I s - is- s-s-c-s-e . b s - s - c - S  t i - c- - s - s - s - s -c s - s - s- 7 i s -  c-s-s - a s - c - -s - c  c s - c - s- s- c - c ’s- s-~ s -s - i t ’ /

s- s- s- - c -  s- -s-s- s - s - - as- s - s - i c -s-s -s-n c-s- i - s - c - sc - c -  n I r s - s - i -  t ru’s- s - : s - c c - s -~~h nc- Ies- c-s-a ss -s-c-oiis -s-L s- ar s - s - t s- o s -a a s -’ ‘s- he con.—

c-n c- s-s- s-s-s- t -as --s , c-ac Is- h a ’s- s - y e s -  s-s- s -c-a s- I s - a S s - - s- ar ’ s- s-a s - s - i s - s - s - n ’ s -  c a n ’ s -  b - s- s i - s -ic - s -- i -  s - s - a  s-s-c- s-c- so s-s- c - c -  as-s-

i-he a c -s-c- b s - s s - c -s ’s - e r , c - ’~’s - s - s - s - c - s - c -  is w ’,’a i l as - i e.

8. D E V E L O P E D  L s - l . DE R THE P R O G R A M  ( G F E )

s - ’ c -s- c- c-s- is a v a r i a s - c - i - s -  o~’ i-h e  s- a c - s- r  s- s-i - s- s- s-c- , t’X s-s-~~- s - i -  s- c- s- ’ i - l a s -s-c- s-c- .is - —

is- y c t a s - s - I  co c - s-’ c - s - c - s -s - s - s - t o n’ i - n c -  s-’ e a c - s - s- s - r s - c’ c-s- h l e  s- o a s- s-s -- s--’ s- ~~ s - e s - a
’ n s - - n ’ c - s - s -s- ’-s--r’ a s - s - t h e a

i -h a s - s -s- u s -bc -  o s - - i s - - c c o s - ’ :s- c-s- s-c- i o r .  T c - s -- - c - - s - c n s - c s - v s -s- ’ e~ i s- c - - c - i - s - l i - e d  as-s- s - i s - - s -s-I ,

c - c - ’,’ i-h e s - i s - , y c -s--s- ’ c-s-, r s - s - c - c - c - s - s -  5cc t he  ~ -s- s- c -n e  c c - c  ‘ c-s- a s - s - i - s -s-an - c - : : , - s - a  a ’s- i - i l  s - s - — s c -- c c --.—

sib le  s- r s - -  s-
s-s- t c - s -s- s - - s - s- s- I r s - c - ’  i s -  i s -- .

’ 

~ he a s - c - s - a n’
s- - “ s-h - e s- s - e s- ’ i - a l  s-c - i s -

’—

c - e n’ s-s- r ace I s-- s- s-s- ’s- s- s - cs - -en t h i s  :rc- r,de - s - u  i ’ s-c-c c - s - c s - i -  ) ‘s- s-s-s -i- s-s -c- n ’ s - e a r  s - a s - i t s -  I s - i - : .-
1 

h i - ’ i c - s -s- - -  cc- c s - c - s -ts-r’ s-c- s -s-or is c - s - c s - i -  i ’s-s-ar s-s-
- s -

- s i ’  i - c  f o r -  t i-s-e q s - c - s-: i s - i - i - : c -  s- f’

e s--~~c - i p m e r a t p r o v i d e s - i .  th n s -.s - us -’h ~2’i- r o u n - s - c s - . s -

C. D E V E L f l P E D  U N D E R  P R I O R  S Y S T E M  PP O IiRA ’s-

-‘lomet i s - s - c -e s, 3 1Cs- fl s-T i s -  rs- ait a s - s - s - c  it  en i s - c s - c o s - s - e a  s-n ’s- s - is - i -  1ns-h ss- i c - c -  a

t i n -s - e l y  s-s-Pc-s - s h i e s - s - n, c-s- cs-causss -s-i €c- ’;e ls- s- r - r s -s- s - s - s - s - s - t  n’s -s-s-s i s - s - i - i -  i s-c - ’ s - c - c -  f’cs-’ a s- s-i- I f’ —

f-s- ’r -e s - ,’. svate s-nc- an— I i - i s - e li - em c-- s - c - c - a s - c s - s - c - c -i- s- a ~ c s - c s - I ’  s - i  i s -
s- 

~~~~~~~~ s-s -n - ens -s-

c- s -s- s - s - c - s - c - ( s -s-- . c - s-s- . , Tc-’ —~~Q~ -s-s - s - c’-~~ n e  s - s - s - s - s - s -i i n  F — 1 4 s -  c - c - i n ’ s -  l a n e) .  Th,
s-i- S s - s - I s -  s -s- t a lso
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r_ w  
--— - s- s -- s  

-

— - -s -  -

h a p p c - c - s - s -  b es- s--ause  a p s - s - a ’ s - - s - s - c - a  a’s-c- s cance ls-s-s-i, ar,cc- s - s - - s- cs -of the  ma jor
s-s- s- - s- s- s-c - s - c- s - s - s - s -s- - n i -  S c-c - c -s - s - - s-c- d e t c i rc - s- ined  to  be .a- s -c i t  ab s-s- i c  f - ar  a i~~

s-
s- s-s - i  l s - s- s - w — o r s -  spa -

t e s - s - i . T h i s - c -  occur r s - s-- I in i - i s - c - c -  s - c - a s - c -  of  some c ar s - s - s -s- one s - s - i - s  of i-s-c -s -e c-s-s-c-a-

b i l i t y  subsy ste rs - s - of the X i - -I— l t a s - c - i c -, i n ciu - 1 i c - s - s - - i -n e  cr c -gins - ; , s - s - u s —

p e n s i on s-, and t r a n s m i s s i o n .

D . ADOPTION OF I N D E P E N D E N T  R ESEARCH AND D E V E L O P M E N T  (IRAD )

C o n t r a c t o r s  are can t  in s- s-s-h y i - s -- s- c c -  s - - s - s - I s -v I F A D , w h i c h  ofters-

r e s u l t s  is - c -  a s u b s y s t e m  or c s- s-s- s - c - s -r s -- s - s- s - s - a e n ’ s -c- feas -Il l i i i-  s-v ders -s-on s-s-tr’atiu s-n .

i-s-iost often , i-his seems to be appl ie s- t s- s - s - c - o d c c t  i rc-s-p r’c-vement .

But o c c a s i o n a l l y  is - i - results in ‘s-he o -s - a s - s - c e~s- ’s- - s-i a rica s u b s y s t e m

t h a t  is t h e n  c o n t r a c t e d  fo r  as s- s-’ n- s-’ The s-
s- : u s - ~~~~l and the  AH—l

dynamic svs te s -s - s-s-s- r e p r e s e n t  e x a s - s - s - i s-l es- s of s- s - s -b-systems that were i c-is- —

pr o ’s- s- s-- s-i t h r o u g h  con t r ac to r  IR AD.  Ti - s--c A d — i  is arc- example of a

n’s-ca s-- s-c- s - i - s - e s - . th ’s-c -t n-s -as c o n c e iv e - i  rs- s - s - n s - t l y  u r s - dcr  T R A P , as i c-ac t ic-s-c basic

PH— ], ‘s- - c - l i - h  s-a s-c-s-c-nw f’usela s-’e design .

E .  P R O T O T Y P I N G

A n u m b e r  of ions -c le a d t i m e  l i - ems  are p c - - o c s -s-s- s-’s-s--d by  s t a r t i n g

:s--’ielcpm s-s-s-t during the program d e f i n i t i o n s-  p h a s e .  S-u s-h i t e m s

are irs-dependently developed , even though they as- - c clearly in-

s- t en d e d  for a particular “home ” sys tem , because t h e  system

program office was not orcs-cs-ri ized when the development was irs - i —

tiated . However , in the program s-de fis -s-s - i s - t i s - c - s -s -r s - s - - i c -a s - c , ens-- s - s - c - g b ,  i n —
forrs-s-c-ation Is developed about the system characteristics and

requ irements  to a l low i-s-he dc-ve~~oprnent of Is- c s-c - c -g l eadtis -me subs s - s-’ s—
tems to s c - s - a r t  In advance. The F — l O O  engine  and t he  radar for
the F—1 5 ai rp lane  are examples  of t h i s  m e t h o d .  s - ’ h ei r  d e v e l o p —

s-s-ent was started dun n— ’ the F—X program definition phase that

led to the  F—1 5 a i rp l ane , and p r o t s - o t y p e s  were  in  t e s t  s tages

b e f o r e  t h e  F—1 5 system program was initiat e-s-I . Since a specific

s- s-as-er  s y s t e m  was i d e n t i f i e d , we cons ide r  t h e  en-cl s-s-c arc- s-i radar i- c
be early developments rather than independent developments.
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- s -  s-s- s-

F. E Q U I P M E N T  F A M I L I E S

i - c - a c - n  X — i l O O  ‘s - r — s - s - s - a s - s -s - i s - s I  s- c s -  for  i - s - I s - c - :  X i- s - i -~~~~ I s - s - s - i s -  I l l s - s - c - s - i - s - s -c - c - s - e a

s-a s - c - s - s - i - l i e n  s- s- s-i- s-c - l u  e n ’ s - a t e  n-c- s- s- s - v  i - s-. s- - h i  ch early Je ’ ;,c-lcs -s-s-s-s- ’ c - s - s -’s- s - s -s - i s -s - i s -I O CC s - a s-’ .

s - i s - s-c-- x — i i o o  tn’c s-c - c - s - smi s si e n i s-s-a t h e  las - - c- s- c-s-a t s- c - ember  of ’ a f s - s-c-- . -! i s-c- of
I ’ s - — c - e r i c - s  at’ c - s - s - s -sr s - s - I ssi c c - ns ~~~s -r  h e a vy  n - is- l i - t ar -’; vehicles. The s- i c - s- s - s - i c r .

is c-s-c- o s-s-i s- s - c - l an , i-a c - s - c s -s-r s- ’rn i~ s- s - x i s - s - s -c- s - s - n ’ s - pa n ’ s-c -,, s-s-s -as-s-rs -s-n’-s-s-cs-nal it’,’ n - c - i t  h at h es-s-
s- s- s- s- e s- .—

i - s - s - n ’s  of t he  b r a s - s - s -c - s - c - - s -is - s i on ’ s -f’ s-o i ly , a n i l e  o ct a l  s - s - i r .g - s- s- s - s - c - -s-c ii s- i i - ’  -J

‘s - e u — h  di fi- ’s-c- s - ’ e c - s - t  ap p h i s -c s --c -t i s - s - - s - s .  Ii- c - s - c -s - s - c -  be used ‘,-c - i - is -, C l i- h’~~~r- t i - s - a

t on s - s - ic - n e  O X’ s - s - i s - s - S i c -i v s-s-c- r’ ,n s- ion  of t i -s- -c- s - l i - I — I .  i n s-  i - c - c - c  -c~~~’- : e l s - s - s - c - s - s - - c - s -s- s- cs - s -

t h i s  f’as - s - s - i l y  of t r a n s -s - s - s -is - s i o ns  , exr s - s- s- s - c - ’ i e r s -s-s- -s-c-- n - s- as c - c - a i r s -r i  i n s- sons - c - i l  s- c- ’

up s-as-- c-c- i s--s - s - s - a s- a c -
s- c -c-i i - s - - s - c’ s-s-las-re. s

-’ s - i - c - i - s - c -  s - c - s - s - s - s - s -s- s- it  p u s - s- i s -i s - I s - a ’  t o  ac - v s - c -i

X — L  CO r a n - h is , la rge  I:,’ i - P s - c c - -, s - s - I s - c 1 1— 700 , a s s - s - s -ns-l l~~r ‘ s-~-~~s-s-as -’~s- s s i s - s - s-

t h a t  ha- s - c - s-jean s-s-l e t s - c - is - c - Pc - s -s-i e s-s-c -s-lien ’. s - s - s - i r I s  c- s-, l ~~ — . s-s-ale e s - s -O s - s - ,  s-
s-

n” s - c - , ’

s - s - i - e ’s-s-e lcs-p s- s-ent , in i - h i s - s - c s-s-se , r o v i s - I - s - s -s-s-i t a -  L s -s- c - , -s - s - s - t s :  s-s-s- f s - s - : c - s - i _ p  a :’

s - s-s - b sy stems that- couid b ’s-c- s - c - S C- I i s - c -  c - c - e s - -c- n- s-c- I - s - c - c - s - i s -- Js - s-~~rs- , - s- c - n  t n ’
s- . c-s-- s - s - c - c - c - c - —

s - , l s -s-c- s- s- i  b a ck s- s- - s - - ou r s - i an - s - i  s - s - s - c - - s - s - ’ : — h s -
s- s-,: ‘s - a  c - s - c - s -s-i ll ’ ,- Ss-c - s - i i e  t i - c - -s - -s-c- c-c- ,a s-s-, i s - s - c - ’s- I s - c - r s - s - s

t o  -di ?f ’c -x ’c - ’ s - s - t  o c r - c - i  s - s - s -s - s - s -s- s - s -
s-
s- s - s - s

0. i-~O D U L A R  D E V E L O P M E I ~T

s - s - n - s - a t  hi- r- d e l i  s-er- ate wary i- s- c-; ~c- ic-s -is- oh early i s - s - s- ’:eloc c-a ‘s - c -c - i - t ace :
place is ts - I , r ’ -s -s -s -i s - ’h s - s - , s - s- s - i s -s- s- c - i s - s - i ’l cation of i-s- i-s- s-s- s-c - s - s -c-s-t - s- - f l .  ‘ I s - s - i s  s - s - c - s-c-is - cc- n’s-; is- Is-

ross ii- Ic c- s- -~~ chanc e  or i s - s - c - c - s - r o v e  t i-s-C n -e1 - ” -s-s-~ ’T s- a  s- s- f a s -p s - i - e s - c -  b y

s c -s -n i - a t  It  a s - ic - c - Is - s- c 
if ’t- s - n - es - s -t c-or rs-p s- ;s-aer s-ts or s u t s -s s- s- - s i - e r c - s .  s -c- s - s- s- s- s-c- c- c ex—

i - e s - s- i -, i - s - I s - i s  Is i - s - u s -- of ac - a s - ; system ; b s - s - a a e s - c s - ’, i-h ’s-- ens - s-- s-s - c - c - s - i - c - i - a l  s - c - c - a r - a s - —

t e r i s s -  s - c  he r s - -  i s-  i-s -s- t th- s- s- s i - c - s i - e n s -  i s  d e li  c - s - s - i ’s - i - e l y  s- l~~~~s-’ i s- -ra e s-I v i a l s -.

i - c - s - tern’ s- s - c -e ,s-c- i - h -s-s-t c - s- s - s- s- c - s - - s - s - s -s-i ts- s-s- - s - s - s - s - i -  s - s -s - s - n e f l t s -3 i-s- s-c s- be n’
s-

s-
s-- s - I l l s -i-.

’ ~ s-s-s- s-c- ic -— c - ns -’e- c-s- , o f ’ s - s -c-n
s - h i - a - u gh  a p 1- s - a —  i s - . o r  I s- c i t — c s - i s -  c - c - s - c - ch ar s - s- i  s-c’s - ,  s - s - s - cl r e -s - - c -  si -c- s - t i - s - c - c -  i s - c - t e s -s-c - ’ s - u t i  s - s - s -~

is- n - s -
s-
- i -  r e q c -s-c- i s-’ -c s-i . fc - c - s - s -  S i - a s - c - c s -c - s -rd  crs- , s - s - l i e  a s- s c - s - s - c -  s-s- - x - a s-s- r - s - c - e  of t i - c - i s  k r r s - s-c

of d n s -s- ’ - s - h r  s - s - r i ec - , t  . Pt has -  s-i i s - c s - s - s - c - ’  h is - c-s - i-. ar -v  a s -’ be i- s - s - c - s- c- u n - s - s - c -c’ s- des-i , s - i - s- i

os -a s i d es - s- c -  w i - s - c - ,  c- -. s - s - c - ;  c a p s - s-a b s- i i - i -is- s-c-S t h r ’ c s - s - g h  ‘s-he e x s -h a r .g -c -s-s-i f i - s - s - ol in — n

s u b a s s e rs -b h i e s , a p n ’ - s -s-s - c t i c’s-c- t h a t  is- i s - c - s  -is-cs- c-r is- c- s-i- s- - s - i s- h c-c-, c- s - s - i l o s o s - c h y

a s-J ’ s-~ te n i-v ‘s - c - s - c ’  . s - y s - c - s - e n s -  i s - s - c - i s - c - a c - s - i - e r  rs -na n y years ago . Thus , s-develop—

s-s - cc -nt  risks i - c - i- i -s -e  S i - - s - s - c - s - i s - c d  ns-iss-s-ile pr o s -s-s-c- s -s - s - s -  ;- c-~ re n’ s- strict c--s- -i to
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small pieces of the system. Yc-s- , overall , a sophIsticated

operational system emerged i - c s - s - s - -rn i - h s -~ p r oc e s s .  As s- s -c - c -c - s -then ex-

ample , t h e  Wc-c- s s-s- is- s-c- s- ’ls-s-ouse ‘s- - S s - i -— 2 0 0  radar , w h i c i - s  -has b- s - cs -n selected

for th e  s — l 6  s-a i rp l a ne , can au gr s-aent I s- i -s  bas ic cap ab ilit s- ,s- c - p

adding rs-os-ds-s-lar suhnc -sse rrs -ts-s-Ii es c -no a de te r s - c - s- in - ed  e l e c t r i c a l  ic -us

s t r uc t u r e .

H .  D E L I B E R A T E  D E C I S I O N  FOR E A R L Y  D E V E L O P M E N T

The f o u r t h  s - I e l i b e r ’ s - s - i - c - c -  way cs - f developing a long  lea -d t i- s - s - c - s - e s - s -b—

s y s t e r s -  or con , i - s - on en t  , s-c-s- s - c s -  use  In an undef in ed ss-s-’s t s-c-s-s-r s- , i - s - a S i c -s- c s- p l y

to  c-as- ik e a dr — c Is  i t s - c - c -  t o  do so • * uibvi s-s-u sly , a s y s i-  es-a s- ic ’s -c b urrs -c-s-c -c -i-
c a n n o t  b-c COrs- s-s-s - l e t ed  in less i - is - s - s - c t h a s - s  - it  i -aces  to  c-i c - v e l a r :  it s

lo r. c-s-s-e st lead: irs- s- -a cars-p s-c c-s-cc-nt. Suh ,s-ect to as -s- c - -s-nh a Us-cs - i s - n a t i o n , i t

is possible to  re -du s-s -s-s - e t ic - c - c -c to  IOC by t e l e c - c - s - c o i s - - i ns-s-
s- -s- (overl api-s-ing~

develops-cent so that the total , els-s-s-s-sed s y s t e m  des-s-e s-lop s-n-s- c c -a t  t i n -c - -
is less i - i -s -an the linear SUfi  of’ t i - s - c  ti s- c- ,c- c- s- a- cs-c eded cc  c o m p l e t e  c - s - u c l a

s-s-I e v e l o n s - s - s - s - e r c - t  s e p as - -a t e l y .  However , t e l e s cop i rg i  s- s- i e s-s-’ e lc -  i - - c s - c - s - nt  t i n - e

ec -s-c-s-ails certain risks as-c-i c o s t s .  Th i s  is- es~~e c i a l s - l y  t r ue , i c - s-

i -he  s y s t em ’ a r e qu i r e r n e n i- s  s- i - e s - s -s-s-ac-s-d h is -g b  pe:’f’c- r’rs-s-cas-ace of ’ is- i-s- S c a n ’ s -. —
ponents (c-cans-,’ of s--:is-,ich are l i - i s - a l : ,’ t o  be new and urs-c-s-rovenj, on

i f  e x t e n s i v e  cytem inis -egraticr , is required. S i n c e  t h i s  i -y r - c  of

cs- s-c- cs -i s  deve i cs - i - s - s - s - c - ec - n t  is of p r i n cip a l  in t e r e s t  i n  t h i s  :tu d s - s -- , ‘c-c e

shall discuss it in detail here.

* In t h i s  d i s cu s s i o n , n’s- c- use the term “long leadt in ’a e ” t o  r e f e r
t o  ccc -an p s-unen t s  or s’s-i-systems whose development t i c -ce i- s- s sig-
nificantly gr-eater than other pc -arts cs-f a system s-. We ass-s- n c-s-c- c
t h a t , i - s - h r o s - s - g l s -  prevIous- e x p e r i e n c e , It s -  is r o s sib l e  to  i d en t I f y
S c-Oh sc -s- c - h s ’-;sterrs-s- and to  a c c u r a t e l y  eat  is - s - s- ate t h s - s - i r  c - s - s -s-s- ’e i c - i - - m r - s - n t
i - i - n - e s, b s -~~far ’ e an uncc)c-ais-ag system ’s- character istic - s are is-c-O

s- -s - -c - c - c -
in s-s-i ’— ts-a ni - l.
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1. R e asons for [ l a r l y D ev ej p s -p m e n t

s-i-. - s- s - c - s --3  is- c- c - i -s- s- s - c - ,  t o  s- s - c - s - s - s - I s -  c - s -s-_ s - c - ks - -  s - i s -  - s-s-s - s - c - i - s -  s - i~~~
s- ’,

s-
s-

s- ls-s- s -s - ’ s- s- - s - s - ’s- a t ’ U s - c - c-

i c-s-s- ’s - i - t i n ’ s - s - c  s - c - b s v c - cs- es - s - c - c - ’ s-
s - s - i s -  be s - s - , s- s- s-i- e  c- ’ ‘ s - l a s - -  ‘

s-
’ l I s - s-o-; i s - s - s -’ r e s - s - s s - c - r c - s - :

a .  To R e d u c e  T i m e  to S y s t e m  I O C .  s - li e c - s - s - ly  s- i - s - c - i - s -i- i s - i - i o n -  of
Jewel s- s- s-r  i c - a , ’- t h e  1- s-

-c - c - s-n-s-s-s-a t 1c c - c - s - I s - .  i rs- e i n s -  - is -  n ’ s - s - ”  as- ‘s- n -c  red-s-s-s-ct is

-
on of

t i c - s - -  ( ics-~ 
t c -  lOs-i  s- ,’ s - s - s - i - n a t c - s - s e a’ s - : c - n s -rs- s - u s - g  t h e  c - s- s - i -  s - c - y : s- i - s -s- n ’ s -  I Ui - s - C-S a d ’s-- —

s- ,s- - s - s -b a s -
-

s- a - s- r n - c -’ t i - c - c - s - r c - c - - x c - s -  lcs-s- s-ges t s-Is- c-s- s- -s - s- i - i -  s - s - c - s -s-c Is- es -- . Is- i s - c - i ’s - I -s-
s - c - c - s -s- I ‘s - is - c - s - c

s s - i v t s - , c --s - s can i - ’  a s - ca l  is- s- s- s - c --s-ac- thr o-c-s- ’h s- s--s - c- ’I y 1 -s -e l- i- s-n ’s- - n i - , c s - s -- ’c  t h e

s - s - x i s - i - e s - s - c e  of a subs -c-s-s-ates-a fixes oc-s-s-~~~ s-e s  ‘s-s- f’ s ’s-st  s- s- s - c - c -  I s - a r a r - c -c- s-s-~~es-’ s-’

That  is , it’ s-c- subs -y ste s-s -s- des i s- - s - s - s- e s - - s - i ,’I  as- , c s - i - s -s-s- s-s - c - -  s-s -s-s-a’s - c - - o r ’ s - -n ’s- as- n -s - l i - c - ,

w h i c h  i ’s -  ir s - t c-s- r -a- s-n ts can is-- -  ieI’ir, s - s -s- s - s - c - -c -crc- s -s - s - s - s - s i - i - s -i-’ , a c -c - s - i I r s - i - c r ’s-s-c- i - s - s - c - ,

c-c-s-a y ic- s-s-c- s - s - c - o at h s - s - r. Ls- s-s-s- t i - c - c s -  s-s-c- s - h - c - s-c- }a c - s - s - s - d, s - s - i — I s -  s-’rs- r a s - c - ’ s - r - r s -s-c - s - s - t  d e v e i c - s - c - s -rs- s- rc- t ,

s-s - s - s  -i- h c-’s- s s -s - nlc - s - s - s - y s t e m  s - s  is-s-’s-s - e l  n ’s-s- s-I s - s -s- c-s - s- I s- s-I s -  f f ’ i c - s- c- ’s - t  i- s-c- : are - s- -- s - c -- c s- s-- i  s- s- s-
~~ 

s- s- s - -  
s- s

-

i t  i - a s-; cs- f’i - c -s- rs - r n ece :c -a - s - s - s - y  t o mr s-c-s-s- is- f’s - -’ u s - i - s - c - s - s -s- s - s - n e  s-c- s- s - - c - c i f ’ i - c s-’- t s - I s - nc - s -s-s- s - c - c - cc -

- c- t i-os--rn i c - s - i -  er ac ’ is- ng c n- s - s - s - r s - o n en t s  ; c- ba ss - , as-a in - tn ’s - s --s - a c ’s- i s- s e - s-n— s-ed-s-re is

S c -  s-ot ’s-s-d tn - s- at o s - c - c - lea -c -i - to i n s - a s - s -s- - s - se ‘ Sf s- s-
i s - , s - c s ’ s , s - c -

s-
s- s-c- c c s - s - s-c-s-- s - i - u l e -

c b s - in - s -- c - s .  TI s-e e x I s t e n c e  of a a s -s - s - c  s - c -  s - i - - s - c - s -. s - o s-
s-

s-s - i  i- -c- - : a i - a c ’s- a1 ba se

to t i - s - e  r s -c - n ’ s - c - aic - .s - i - s -s- r c s - S  the a’s - s i- c s- s-l o s - I s - c .; c-c-isO , it or-s- - s- i s - c -  : s- s- S i -he
a m ou n t  of c o n- c ur r e n t  dea-e is- ops -c - - s- -r  i-as-s-t . m s - s-s- s-h i -  i- s-s- s-~ ns-s- s - i - c l c-s - s -  c s- s- s-

s - Ic - i - c

t h e  s ys i  s - s - c - a  by i-he IOC l i -s -t a .  t i - s - i s  -c s - s - n ’ s -s- r - adu ce  c c - s - s t s  a s - a ’s - c - c - I l,

since i-he great s-n-c -- a h i  s-c-h s - - s-i s-a k s-i c s-’ s- s - l~~~ r s - n - s -c-- r s-s- t  is ~
s -s -s- s- s - s -hc s-d the ms’-e

i - i -  i s c - s - ’ s - c e s s a c - -y  s- s - o s-c oy s-s - c - c - s - s - s - s --s - i s - e n  of cc- p s - i - s --n ” c s -r-s -ches  to  f i n ’ , d c- n c- t b - c ’
s-

s - - c - i l l  was- c-
s-
k .  Th s - s - -  pot  s-s- s - c - i - i s - c -i- for s- -c - s - c- ste i r s -  such c s - s - s - a  c-c-s-c-Si-Uc -c-Cs -c’5 is

oh ’s- i s - c s - a : .

b . To Re du c e D e v e l o pm e n t  R i s k .  T i - s- c ava i ls - i -s - l i l t ’s- ’ of a

c r i t i c a l  su h s s - s -’ s - t c -~m ( s-c-a r i - h~~~
s- f a c t s -  t h a t  os-a c is - c - s--;~~~li a l o ng  ic - a de—

v e l s -c - s -p n c s - c - . t )  n ’s -s- - s - s - s - s - s - e s  i -b - c  r i - s - s i-s -of i - b c- - s - ps - cc - s - c - s - c -  de ; ’c lor s -c-s - e r s - t  - n ’s -- - gras --
e n c o u n t e ri n g  s- s - i f ’ f i - s - c u l i - i e s  or or’ be iic-~ c- s- s - n - s -u c c e s : i ’u l .  Also ,

:s - s-r st e m  p r s - r ’ t s-
ccr c - s- c- s -s - r c - s - c e  can be est is- r - n s - s - t a ad c-s- o s-s-e s-c - cc s -s- s-r ’a t s-c- s-l v. 0rs- the

s-c i- her ’  i - s-c-s-c-as - i , arc - unss-s-ns - s - s - s - s - e s s i -’u l  a t t  es - s - s - p c - n a’s - . ea r ly  de ’s-’elop m ec -ni -s - s- of a
‘~ su b s y s-s-;t s - r s- s - c - c -  rs - as- ,y I s - I s - e v e s - al i n i i - i a t i s - r s - s -  t h e  d e s e l c - s - - s - - m e n i -  of a s y s t em

tb-s-s-t cr itically dc i -  ends on t he  s u bsy s ’ c rc-c- . At  t h e  very  bc - a c - at
t h e  failure to develop a Subs - s - s -s-a c- c s-rn dun  no ear s-- l i - ,’ l c s -v e lnn rn e r ;i -
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should lead t a an earls -is- -c -- search f ’ s - s - c -  a s-s-s-if fer’cs- c-s-c- t ac- s - s - s - r ’cs- s-s-s-ch.

Thi s  would avol s-I costs s - i s - c - c  to s- s-s - h e  i s-ha s - - u i - s --i - - i s - s - n  of c - s -h e t o t a l  sys-
tem developmen t sic-lie s - s - s - c i t i~~~~ fo r ’  t h s - s  -src- i - s - - c-c-ystem to  r each  a satis-

factory level of development .

c. To Reduce Need for Product Improvement Programs (P I Ps )

After IOC. Telescoping of dc -c - ’s-s -e ls - s -u c -r c -ent  t i m e  o f t e n  ne c-s-uits i c - c -
s y s t ems  be ing del iver ed c - s - li - h is -c -s - s-s - s - c-s-quate  hAs - -I  ( P e l i  s-

s - h  i l i t n ,, ava il—

a b i l i t y ,  and s-- s - s - s- lnta i r ,ab ility ). The PIPs  i - la s- s-t  c-s-re s - s - r s - d e r t a k e r ,  i--c
correct these ites-s-,s- are Coss-s-i s-v ;  m e a n wh i l e , the  oi s- er ’s-s-is- s-icn s-s-i utility

of the systems is degraded c-n’ n o n e x i s t e c - s -c- . los-ac-bat aircraft ss-c-s- s- s -—

i-ems t h a t  should be operat is-c - s - s - at c-s- t s - o s - s - t s -  Ti-s- i- a ’c-’ c - s - s - i I c r s - i l i t y  r a t e s

may have substantially poorer availability, and i c - c -  s-one cases

may be grounded b e c a u s e  of t h e  us- - s- s- or’ Rids-i- of s - s - s - n - c - a s-a s-s- s-~ c - s -c - ’  subs s-i ste s-c- c-.

This  is i l l u s t r a t e d  by t h e  case of t h e  s-
s-

s- — i - b  ( see  A p p e n d i x  i - I ) .

Con s idera b le sav ings m igh t  have  b e e s - i  a c h i ev e d , e ith er  b s- ,- d e l a ’,’—
i n-c ’ b C  or by initiating development s- of’ c - s - h - ’  c r i ti c a l  sot- s- c-s-c- s te- c-s-c- s
earl ier and working the s-a r cs- is-s-- i c - m s  ou t  during, t h e  c - s - s - s -’ s t e n - s -  d c ’s-elan --
m e n - i - .

d. To Sup po rt In d u s t r i a l  Base. Pi s- l it c - a s - ’ y  i - ac - .c - -s - i - ncs - ses effect

a significant s- s- s - c - a -s

-
s-

s-
s - c - s - s - c - i -  of ’  i r c - ’ s -s - s - s - l a r i t v , -s-~’i -s-Ich re - s- i -u ces  Is-s - he  cap s - s - s  - i - l i ly

and w i l l s - c - s - i - c - n e s s  of industry to S s-c- i-s- s- s -s - O s -’i-  s-
s- he m i l i i - a r - s-s- ’ . S- lack i - i r s - s - c s

are s-s-sed to  make s-n s-i s-l it i  s- s - c - s - s -c- i -s-a t h e  t e c h n o l o g y  base  t h r o u g h  F~~ s- s-
s
-

fund s - i c - n c ’ ,  bu t  t h e  f u n d s - c - c - c -  Is not  ss-s - s - f f ’ i c i s - s - s - r s -ts- t s -
s-

s- take s - s - n -  all the

slack ~ tween s-rs-c-a s-~ oc’ developments. Early s-development of ma ,~or

subsystems could i - c  used i-s- s- a s - c’s-s- e s-a ou t  sa n - s -c of ‘ i - i s  ‘
~‘ac-’s-,

s- i n-c ’ work-
load and make for  a n-os- cs- c c c s - m p e t s - i i - i s -s- s- -’e and c-s-s-ore respon sive in-

dustrial base.

2. Early Developmen t Risks and Their A v o i d a n c e  or M i n i m i z a t i o n

The decision to u n d e r t a k e  the early develo ps -s--s- c -n - i- cs- f ’  long
leadt ime subsystems carries - s-- s - i t h  it  inglicit n i s i s - s - a .  Cs-us-h r isk s
and their avo s- i s -iur i s - a c s - s-r minimizat ion are as follows--; :
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s-s- s- —’s--s-s- s-’-- — s - s --—s-— --—,s- s-s-s- - - - s - , s-  - - - —- s-— s- s -~~~~~~~~‘ ‘_-~~~~~~~~~ s- s - - s - s - s - s - - s -_  s-~~~~~~~~~~~~~~~~~~~~~- s- -~~~ s- - — -~~~~~‘ s
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a.  S u b s y s t e m  D e v e l o p m e n t  May Not be Used .  Either - t i,e
s’,’stec-s-s- I c - i  “ibis-h the  sc -c -i - c s - v s - s - s -s - - r n  i5 ‘ s - c - - S i’  s - s - s-s- p s - s - s - s- i- s - c s - s - s -s- s-s - i s - i - c s -  exis-

t e n c e  , o s-a i-he pro c - - c - s - s - s -  s - s - s - s - s - c - ,s - s - c s -s- - s - -  s- s -s - n -v  d c - s - s - i s - s -s- to  - I s -s-s- ’s - s - -s - I - j  i -h e s c - c - i - s - s - p s - -

t ern i - c - i s - -s- se l l ’ . Thus , tic- s-s-s - c - s -ut  Si - s -s- c-s-i- s - s -s - s - i s - s - a ve - ; s - s - e s - S .  s-n ay i - c - -  oorr p~~s-~ t e ly

s-s-,s - c - s’ s-~ s-J . s-c-is- b e s t , it  c - - c - - s - - r e s e n t  a a s-o s-t i ’ ;  s- s-s -iii ’
s- I - s- s - s - s  -to the n a t io n a l

technolo gy b a se , s--: h i ch  s - s - i s - s - n t  ts - s -’ s - s - c - g a r s - I~~ d s- s - s  c s - s - c s -v  i d in g  an a d s - l i —

t is-cns -c -l mar s -ag es - -s - c -nt s-a p s - I  i O n - .

To as - s - c - c - s - c  extent , t he  l i k el i i - .s- s-s- s -od  t i - c - a t  s - c - c - ’,s- s-o lcp c-s- c-I s ab s y st  e s-ac- s

w i l l  be us- s-s- s-d c s --c- n be c c - s - i - s -a c - s - s - ed b y :

i s - .  S e l e c t  i r s - s - i -  On l y  t i - c - s - s - s e  subs s-’ s - a tec - c - ,s fo r  f u l l — s c a l e
e n g I s - s - -s--s -s - r s - i n g  d e v e l o ; s - s - s -s- ec - c -i-s- t l , s-

s-
s- as-s-s-c- a c s - i - s - l i c a b l e  to

more t i -n c- s-i c - s  -one ps --c-tent i c -c-s- i ss-,’si-- s - s - s - ,  n-nc-i f-s-c-’ s- ’:i -s-is-ch
there is-s a clean need and li - i - tie compet Iti on.
I i’s-a s - a s - s - s - i c - s  include turbi c-ne en s- s - s - i rs- s - es -  of a p ar s-c- l e v i s - s - n ’
t h r u s t  or p--n w e r  c lass , and r c-s-d s-c-r ss-,’s’s - c - -s - , c - a  w i - i -  s - s -  a
p a r t i c u l a r  r e s olu t i o n  and rcs -r s-s-’e.

2 • Dea- s-s - c - l o p i n s --s- on ly  those  s y s t e s - s -s- s - c - s-a i -h a t  o f f e r  si-c-
s - s - i f ’ s - c a n t  c - a d v a n c e s  i s - c -  des -airs -Lie qu s-s-ili i-es (s-I-
van -c  I s-- s-

s -i- b c-c- s t a t e  of  t h e  a c - ’t) , so t h a t  a s - s - c s - n - a s - -,
manager  ‘s - o s- s- s- s - I s - I  p r e f ’ s-s-c-r not to  t a k e  i - h o  n ’s - I s-k -

s- s- i ev e l - : p is-s -s-g his on-s-s-c- subsystes-s-

3 .  s-s-- s - ar c - s - s - u t  i r s - s - c -  t h e  s ub sy s t e m ’ s u s e  t i-a r - c s -u gh  t h ~ spa - t en - .
d e v e l o p m e s - s - s -  c s - ac - c - s -la s-- c s - c t  ans -i thrc-s-s-s- s- ;’c- h c- r s - o cu re s - ac -€s-s-c- is-
i-i-bile t i - s - i s -  takes ass-a- s-c- c’ s - -- of t h e  i - s - s - -s- - g r a s - s - a  s-s- a n n - s - e r ’ s
au t o s - s -a s-s -c - ’4’ , b s- s -’ e l i s - s -- s - is- r, ’s-i~ i r , s -’ s - s -c- s -s-c O f ’  i - s - i s -  a b s- s - i s - c - e s - s  -, li-
aise r e d u c e s  h i s  res t s-- s - n c - s - n i t i l l s - i s -’ f ’ s- s-s - c - ’  t i c - s - c -  s s - c - c s - c e s s
of is -- i - ic  ss-s-c -s t c - s - c - s -. ( s -’s - s - s -s - s - i s ajc s-s-roach wa s-  in a i - s - e r c -  w i s -  i-a
severa l  sc-c- is-s- c - c - v s - a s -  c - c - s - i s  t o  red s-c - c c -’ c - s -he I - r n - s - n ’ s - s - s - c - n  cs -a s ’s- of
the  13— 1.)

~~~~. Providirs-g the pr ime  s-s- s -s - c - c -i- rac t s- s - s -  s - - c - i - t b c - s - O s - c - c - s - -s- s- u 0 in - —
cent ives to us -a s- s- s- aval  ic - s- I s- icc- su b s ys t  em s on ’ , c-s-t l e a s t  ,
remove inc en - i -  i ve s  ‘s - o  s - IE’ l,Teio c- ~ e-w os-c-es •

b. Subsystem T a r g e t  Parameters May be Poorly Chosen , S i n c e

U s i n g  Sys t em In f orma t i o n  i s  I n c o m p l e t e  a t  T i m e  of  S u b sy s t e m

Des i gn. This is often cited as s-s- major risk of early develop—
- s- r s -ne rn t .  is-i c - a t  i c - is - c-re is e v i d en c e  t b - s - s - i -  ii - is nc ’s- r e s t r ict e d  to ss-c - ls -~-

systems deve lops-s-s-I prio r- i-a system definition. s--Tcs-rec -ver , i-he
risk can be made ic - s - c - c - c - i - sts - a r s - tial I’s--s-c - ’ many kinds of subsystems:

4 3 1 4
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1. Even after a system Is - s f u l l y  s- a l e f ’ i -ned , many
par ’s - s -s - r s - s - c s - t e r s  are fcund to be poorly chosen.
i s - I c - c - s - i r s - c s, for example , rs - iuc - c -t o f t e n  bc -c- s-s-p s-i’s-dr’s-i
after field experience proves t h o r n  the  aircraft
ane underpowered. s-s- s -i s sion requirements are
added or changes-s-i during, and ever, after , develcp—
ment . Hence , system def is-c-s- iti c s -n does not guarantee
that the subsystem parameters have been well chosen.
Flexib ility in the design of a subsystem , so that
it can be easily tailored to the needs of the po-
tential using system , ~s-ill minimize this problem .

2.  Another  ‘s--s-ay to s- s -c -m imic s- s-s - t h e  problec -c - .  is to  d e s i g n
the subsystem icc- such a way  t h a t  it c o n s i s t s  of
a core par t , for use In a number of appl ication
modules  t h a t  are t a i l or s - s - -s-I i - s -s - s - c - cc - i -  s p e c i f i c  s p a t e s - c -
requires - s-c-c-ruts. D ev e lops - s - c - e s - s - i -  and tes-;tinps- can be car-
ried out on t he  core pa s-s- r- t irs - full. Then , on-Is -p the
application module will la s - s - y e to be dc-sic -s-- n -ed and
tested when the fis - s - s - il s y s t e m  s p e ci f i c a t i o n  becomes
known . Even when such an ap i - - r o a c h  is i n f e a s i b l e,
deve lopmen t  and t e s t i n g  t h a t  are  s-done fo r  a tenta-
tive specification can save ti-s-me and money , when
the final specification b c - s - s - c s - c - e s  k n ows - c -  and the  sub-
s y s t e m  mus t  b a  s-’ c- s -s -s - s-n r -c-ineere i and r e t e s t e d .  s - x i s t  in-c ’
su b s y s t  ems t h at  s - s - a s - -c- n - s-os1 f’s-i-ed i s - .  ‘s- i-s-i n; wa s- ,- ar - €s-s - I i- i-s-e]s-y

i-c provide reliability faster s- i i s - s-J at i s - s - a s  e xp e n s e
than would be obtainable by c o m pl e t e l y  d s - s - v e l v i -s- in-g

a n ew subsystem.

3. The o p t i r s - u i z a t s -n ion of ti-s-s- s- u s i n g  sys s-s - e r n  s-bc- -s-id be less
r ig id  so t h a t  i t  can a c c ept  a less  s p e c i a l s - u - e d
subsystem. A s- s - c - s tem deveiopmer s-t can be sc v er ” l y

- compr c-n c - s - s - i sed  by i t s  d e p e nde n c y  on th~ perf’s-s-s- rn-s- s-a s-c- c s-c

of a newly develope d subsystem. T I ’  a subsys -~ tc- r,’s
development  p o t e n t ial is not r e a l m s - c -s- al , i’s- s- s - s- c - i - c -  is- s-

necessary to  f’ s- s-s- s -s - i d  i -he  sy s~~ers- w i t h  less-  ti - a s - .  adc-’-
qua te  pe r fo rmance  i r s -  one on s-ac-r e asp en -i-s of is-

i-
s

mission a c t i v i ty .  I f  the state of i - c - n e  as -” i c - a  i - e s - I s - c - c ’
pushed  is - .  a sc -umber  - c - -f’  as --cc - is, the risk ic - c - con-r s- s- ’s- ,r s  -i-es- l

and the chars-cc-a of sc-s - c - e e c - a ,; are , - - s - - - s- s- ’s-~~I s- ’ d ’ -~~n s- s s- s- s - - ’

Some r e t rea t  f rom the  de n - as - c --c f-
s- s-
n’ e x t r ’s - -n e  c ’ s -

s-s -i ’ S n ’ s - s - s -c - c - s - s - s -c

would be h e l p f u l  in r e - d u o  ic - a g such risks- .

c. ~~ys-iro n me _n t of U s i n g  System is n o t  F u l l y Known  and ,
Therefore , Su bsystem S p e c i f i c a t i o n s  Cannot be Drawn Up in A d v a n c e .

This may be i-s-rue of a system c - s - c -s- c - - s-s - h  as -a Cs-Ps - A s - -i -, w i - c - I s - s - a  s-s-c - s c - i - ada’s-s-reed
t e c h n o l o g y  and c o m p o n e n t s  that did n - s - s - s - i -  e x i s t  a t  ‘ h s -s- s- t i r e d e v c l c r c - —
ment  was s t a r t e d . T h e r e f o r e , some a s - i -  ec~~s- of t n - c -  ‘ t s - ’ O i s - s - s - c - c - s - s - s - n - t
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___ - ~~s-s-s - - s- s - s - s - _- -- s- s-_s-—-- -’-- - s-s-s
-
— s-s 

-
s- s-s- s- --s

-
-- - -s -- s -— . ’ -

-

ss- s- c - c  i - s -- s - a  v i -  b r a t  i c - a s - c -  c- s- s - c - c - s - i  ‘ e s - s - s - s - s - e s -’s -s -t u r s - c -c-s- s- -s-c- s-i-,’ c-c- is-- ’ s - s - s - s - y e  L s - s - e 1 s -  knows - , .

i - - s -s - ow e s - c -s-s- s-a , n
’

s - c - ’  s - s - s - ctrc-y c - a - vs - i t s -- s - c - s - s  it, s i - i s -s- s - s - us -c-c- i s - - ’ -  s c - c - i s -s-- i c -  s - s - o d e s - i r s - - i-s- he-

c-- c - , ’,’ i - s - s - s - s - s - l t s -i e ’ c - , t  i - s - c -  s c - s - S f’ s -  s - i c - s - c - s- i -  s - i e t a j c -  f’ s-
s-

- c - ’  s n- i s- s-s- ’
~~ s- ’ ’s- ~m s r e c i - f ’ I c s - s -s- l o s - -. .

A l s o , t i - s -c s-c- c-i i n s -  s- s - a’ s - s - t e r n  car: i - s - c -  fics-o,lhle a Cs- a s - CX ’ s - r i -  t b -s - s -’s -Is-
s-
s-

c c u l s - s -  L- e d- s-s- s - s I s - s - r n e -s-i ‘s- s- s- prs- s - a ’i- s - i s - s - a s - s - i - t a b l e  e s - s - a - i s - -  s - - r -~ - - s - s- t  4’ s- s- s - v  c - i - s -c-c-

sun’s-s-s-sr - - s - s  -- .  T b c - c -a , c-s - i - c - c - s-r- c-- Is a I s- r n - d e e - S f  h - s- - s  -s- - s - s - s - c - s - ,  i esi- s- - s - s - i i , ,s- s- a s - - c - b —  -s-

s’istern f- s-
n’ t i c - c - s  -S s-s-’ s- s-- s-s - c - ’  e s - s - ’, i r s -  c s - s - c - en s -  and dc-s i-s- c- s - s - i - s - c ’  i - h e s’s-s - r i -er .  t o

s- s- - r ’ s-a v i d e s -  s-s -s - s-s- s- _ s -s - s - - s- s u i t s -s - s - i -  Is- - es - .v in ’ c - r r s - s - s - - t s - t s -  f a n ’  s - s - s-s - ls - :s- s-’,’u s- tera .

d. An E a r l y D e v e l ~~s-p e d  S ’ s- ’b s y s t e m  W i l l  Depend  on O l d e r
Technology. ti ,i s s - :  s- s- i-s-~ ,s - i s - s -s- s-s-i- s - s -  i - s - a t s - s - c - c s - a s - s - s - s - s - s -v c - s - s - c - s -  i s - s - s - s - s --c- is- s- s-s-t , s-. s - s - s - e

I s - e s - s - s - a, if t i - i c -  s-s- s-s-’s- i-es -c - s - t i c ’ s - - t o  i - Of i i i  c - c -  c-c- i - c - -s-s-ot . T i s -~~~
s- I ’ s-s- os - ‘s - r n - s -i-

t e c h s --, - s - l o a’v Is old is s- s - s - c - s - s -s - i s -  c - r i - a l .  Ne’~.s- s-
s-

e s - ’ h s - i s - s - l cs-s- c- ’- ,’ c - s - Ei s-i s - c - c v’s - 1 u s -s- - -

s-- c--s-ees-s-s-t ic - c - c s - s - s - c - f e  r ’ r ’ i s - s - g  s-s-i s-s-s - s - h’ e s-I o hs-n-c - s--c- a e n s - a t  i -s-- a on i - i - a s- s c - c -i - s - c y s t s -s- c - n - .

as -
s-
s- - a s -s - p .s- s- s - Cc - s - s - S  In  s- ’s- i-al s- i ,  1

’ ’ I s -  s- - s - s - I - l o t ’s-s- s - i .  s-a s- c-ic’ 
s-
s - s - c - s -s - s- P c -  t, h c-s- i -c - s -- s - n c - s - s - l a s - v

ic -a s - i -- s - a c - a s - n i - n r c -  a - s - s - c - i hi-p 1, ’- t ’ Is si - - s - s - i  f ’ I s - s - s - r i t  s - i s - s - k .  in, a s- rr,e i - s - s - c s - ,—

c - c - c -s - los - -i~~s (e.s-. , a’-,- i s - s -r s - i c s -~ t i - s - c -  sub- ~~;a c-s- c- c a t s -  be  d e u s - i s -- ’r, e ’i  f’ s- c-’

c - s - s - - s - . ,  Sic-cs- , c-s-r, s -I’s - s - s - c t  i c - s -s - n , s - s -  s- i -  i- f i - i - s -s- s - t e c l s - r s -e l - s 
-
s-

~~~~ 
s - l a s --s- s - c - l i  s - r s -:s-s-c-a s-

’s- s-s- -

c - - - s - s -s- s - l s- s- s -i ly  s - i ur ’ i n s-s - - the s-s - i ’~~
s- s- ’ c - s - l O~~~

” s- s - s - i -  c ’ -  c - s - i s - i, ‘ i-a ~,‘s-,~~i-d i - c  n ’ s - o s - s - i s -i- s- ic s - c

m a P s -s-c- s-c-h e s - s - ban s - c -c w i ts - i-c- - s - s -u ’ s-l i -  sos ’ es - occu r s-- i - s -s - s - o i r s-
, ‘s- i-u s-as- ,a e ’a t s -s-- c ’ s - s-i - c - a is - a’ r ,

i-icc’s-’ i - e s - s - s - Is- i- m s- i -,’ c- s--c -  a c s - c - s - s -s- s - c - c - C s - s - t  n s - c -  a -s - s - c - us-’s- c -o ’ er . -,s-,’ i s -  
s-

s - s- -c- o hc - s -r act~ s- s- s-I,s- c-n~~ I s - a

— 
are n - s - i - as c s- i - t ab s-s- i- zed as the’; O t i s -s- s - s - n - ’

~-ni se mis--hi - i-s-ave bees -s -(e .rc- .

s-c-coaler, l a r ge r - , more  c’s-ass-s-r dec - ’ :ars -s - i l n s - c - )  . Hut I s -  w- s- u I - i  mc -  c- s- s- i- c-c-

nes-esss-ir’y t o  c h a n- - e i - i - s - c -a b - n - s i c  s -p s - a s- - s- s-s-c- dc-s-si c-n ‘0  incCs-r’i r - c - s - te  s- s - e s--a

t c eh s - .- s- s - l o i c -y  . A v i  s- s - c - s - i s -s- s -s- - c - s - a L - s - y a t e s - s - s - s  n-c-cr c-s -to i-s-c s - s -l s- s -i - -- t -
’s - s- t-le to f-a s- r n -,

C I t  , a c - i s - s  -I’ s - c - n - s - i - I O n  s-de sign pn ’i n - s - i -s- p l c- s .  E u t s- s - s - - t i - c -~ -n su b s y s t e m s ,

such  s-s e r s - g i c - ,s-s- s , are n c-s-os- s-s- s - s -iap- t as-bl s-:s- to  S s-s -h  i - i -s- ;at s - s - .Cs -c -i-s -i-s-- e c a s -r c - s -

of i c - i - e s - r a t  is - a n ~l 1  I ’t ’ i cu l t s -  i c- s .

e. L a c k o f F u n d i n~,. The mil s-i s --s - c --s-s-’y b s-s-s-i gs-s-t is- s t l s -s-c-h t , s-s-c-n d is-

i - s  u s- s - f l  
s- - s - i u t  to n

’
s- s-c-nd l i -e s- s t i - s - a t  are -s- cs-rs - rs- i- c - ’ s - s - c -- s-

I U s - s -s - C s - s - - ac’s- ’- I

• U s - s - f ’ s -  s - n ’t u n a te ls--;, e a r l y  - s - I e v e l o p s - s - s - en t s  n - r e  l i - s - - s - e l y  t o  f ’ s - i l  i- c ’ . as - s - s - h a

C m — c - c - s -S l,f i c c -~t i o r s - , despite the l i - s -s- s - s - i  ¶ h o c - d  i- s -hat  ‘s- Is- s- s - i - c -  c ’ s - i s -  i - c - i -  r er - s-c- t

I r s -  later s s - s - v i s - s - s -c-’s- ’ . We- c - s - s -s- - i - c -  t i - s - a t  t i - s - s - s  -s- s-i-a’s - s - mi -c - s i - n  on s-
ks-c- ’s- ’errc- : s- - s - - ,t

P r c c s - c - r e n - u s - s - s - c - t  as well as is-s-he Ce s-nri -n ’ess of i-i - s - c - s - s - c- - I s -  s-~~d I ’ t s - i -  c- a ic - s - n- -ac

b c - I s - is - s-~~~~ s - s - c -~~s - s - s - s -~~c - s -c - sac-s-s-c a ’s - p r s - n s i t  i on -  i- s -as- bc-se ki ts - - c - s s - 5  c - I c- a s - e l -  ~
- - r s - cs -c - ts- s

I.
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( h e f s .  ~i , 6 ) .  T h i s  o p p c s i s - ’s- ic- s- c- is -s  o f ’  c o s - s -s - s - s -s- c-s-r. as-s-o ,‘s- ,s-n-a’ i s - c -  s- o n —

si-dc -red, b- u s - a i t  - s-ic-s- -s-s- s s- s- s - s - s- s-i - affect i - i - s - s  - i s- a s ic  arr: u rs-~erc - i- a ‘s - s - s -- c- ’ s - a ’s-s-s-r

i - h o -  n e c - s - s  -for ‘ hese  h i s - s - -s- s - s  of s-i s - c - s - c - b c ’ s - c - s - s - c - s - s - i - s  s-
~~~~ c- 

s - s - ’
~~~ i-s-n-s-

s - i s - -s-
s- s-c-i ‘s - s - is -s-c -cs- b c - i s i s  f o r  e s--s -s- - s- s - c - - i - Is- s- s- s - n  I c - n  ui- I s-s- - s - as - s - l s - s -s-’ !s- h ( i - n- (P c -

s-s
- . 3 ).

f .  L a c k  of M o t i v a t i o n .  Ti ’s- h i - s - c - c-a ’s-s-c-a ar-s- ’s- s-s-- s- c- i - s - c -s- i -  ‘s-c- c -o s -be  as --c -s-

n -a t  rn s -s- s - s - t i v s - c -L - s-c-c- t o  i-s- s- c- if s - c s - n ’ s - -. s--s - s - - I l , i f ’  t i - s - e s -,’ as-s-e s- s - c - r s - s - c s - s - s - l r .  ‘
s-
s - b ’ - s-

,, ’s-

even t u a l  u ’s - i l i tv  of’ s - s - s - i - ic- i- c - -  ‘s - s - c s - s-a c-s- . l’s- i s  c- :  s - s -t i  s - - n - g i v e  c- s - - s- - - i - c- s-c - c - -  ‘an-

t h i s - s ki s -s -i of s-~n’ s- s- us-a s-a s- s - t  , s-tins - s - s - c - .  c - c - n ’ s’. s - s - s - i  l i t s -s-s - r - s -  c - n ’ - s- - cu : ’ s- s - s - s -  s-s-.’ cc. s -s- s -s - s - i - i s -  i s -  s-a s-s-

pr ess -c-s-c -s-t t h i s  r is,-s -s-s-a a l l  t i - s - s -c- ee c-o s - c - c - s - s - i - s - c - n ’ s - .  Cr c - e c - - i s -  s-.s- s- ’ s - s - C s- t i E s-

Ots - p - s - s - s - 5li - s - s - p c i - s-c-s - i - ‘s - h a s -  t h e  s-a s- ’~~~’s - s - s - s - Is - a r -. c-s - c  c - s - c -  s- s-s -s- s - c -o s - s -c s-
l os-s- c c -u

s-
. s - s - c -  V ’s- il’ s- ,’

s - s - is -Os-, s i -n c - c  t h e  L e t te r  s- s - he i - e s - s - I s -- s-s- i-ac on - s - c -
~~s- ’ - - s-’ s-nc-s -i i s--as- l~~~h c s -o s- i i - s  -s-

s - s-

it s--sill  b e  u sed .  U s-s-c - r e — c - s - r d  i - i s - i s  as a n-s-~~ ’ c - s -c-s-s-s-s - i -  s ’s- c - ’ ’ s-i- -as-s- s-s-u s- s - c - s - s-r,i -

a s - c - as - in - sc - .  p c -r i ’s- - r n i r c - s -  e a r l s - s - c -- d e v e l s- s-rs-s-c ’s-- c s- s-t
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I V .  G U I D E L I N E S

In th is chapter we synthesize t h e  findings of the case

studies (Chai s- ter II) and r e l a t e  i-he ns- to the possible bc-n -c- fit s-c--

that might follow from rs-s-akin -g one s - - f ’ three decisions :

1. Whether to  u n d e r t a k e  early deve l s-s- --ps - c - s - ent  of a ss - b r s - vs t e c - s - s -
(bc-fore the program has- is - s -c - en  i r s - i t  ia t e d  as-a -i s-s -he - s - i c - a n ’ —
a c t en i s ti c s  of the  s y s t e m  are scarcely kn:s-s-’zr.)

2 .  Ui-c-s-s-then t s - s -  d eve lop  a su b sy a - ’s-e r r s- i n - d c - p c -s-s - n - s - s - l e n t  li -s  s- -f a
s y s t e m  program

3. i--Ia-ether to standardize a s u b s y s t em .

Suggested guidelines t o  follow base s-i cs-n e c ch  of i - c - s - s - s - - : e  s - e s - i sb n - a ,
have b e e n  dev e lop s- s -i and a r e  i n c l u d e d  h e r -c .  Ti’s- el  n’ arc- i - c s - I l  ca r  i - s - c - c -
in severa l  i’c -Ci cases is- s dc -s-crib-c-a d in  t he  n e x t  ch a p t e r ’ .

A . RESOLUTION OF D E V E L O P M E N T  PROBLEMS

Is-i the d i s c u s s i o n  be low , we m s - s - s - s - i - c  t h e  k in - s-is of ic- ’;eI ’c -pr s-s-eiit
problems that occurred in t h e  v a r i ou s  cases sc-c- e x a n - s - i c - s - s - a  i - .  Ti - s-en ,

we indicate whether any ~f the types of decision -s s - c c - s - t e d  c - s - b c s - v e

rs-,ight be relevant in dealing w ith such pr’c-blc -rns. We believe

that most of the prs -s-s-biems discusse s-i in this synthen ’ i-s a r e s-s- s- c s- c - s - c

generally found than in the  l i c -r s - i t e d  set s- a- f cases w e exar s-s- is -aei .

in-p of t h e s e  p rob lems  s - r i g h t  a i l s - c -  in f u t u r e  c - m i l i t a r y  s y s t e n - s-

developments , and any cf the forms of deve lc s-p n c- ent  or s t a r s - d o s - s --i-

ization might be helpful i-s-n averting them as Indicated.

1.  Poor  r e l i a b i l I ty  re s -s -s - s - a l t s -’i s-s- j  c- ’c-’ s - ,-- s -s-- a’ s- ’e.c- a ‘ ‘
~~~

s - ’ - - ’ u
s-
’ u r —

~‘en e,s- between s y s -s- te’m de s - s -’e l o p m e n t  s - ; s -
~ m s - s - , s - c -  c c - s - o s- s-’ s-ac -e s- ’c -

Ievell opment.

s - Ti ns -c- outcome of’ forcing a s--s-ystem devs-al s- s-g s - :rs -c -n t  s-~~ is -- c -  c ars-c-s - i - s -s - i s - s -i- es-I
i s-s- too  l i t_ t i e  t i m e  s- i- a poor f ie l d  r e l i a b i l i t y .  T i -n c - - pr ’s- s -s - i - i s - a s - a  o s - c - r n

I

-_ 
~~~~

- .



. ‘- s
- ’

~~~~~~~
s-s- s

-
..,

s-s-~~~~ ~~~s-

be cx s-a s - a e r - is- - s-s- s - i -  s- s- s- s- i i-s-- s - s -  s - s - i - s -s- c s -  i - s - n ’ s - as-c- ’ ‘s - i - c e C i - ’  s - c - s - c - s - p h - s - s - s - i s - b r ig i s - i s - s - h  pe i- f s - r s - s - s - c - s -’s-c - , c e

s-s-t t i - s- e  s-- s--s- r - s - -n -s-c - of r e - l i s - is- i l i ty  , a v a i I a i - i s-l is- t c-- a- c - s - d s - s - s-s-s-Jc - s - i - a l s - o s -s - c i i~~
i ty  (n c - c - s -V )

Cs-n e s o l u t i o n  t o  t h i s - a  tc - ’-,ga s-s- of p r o b l em  s-- :auld s-s- ’s -t cs- s-I c - i a’s-’ the

:oc until t h e  s - s - s - s t  e s-s-c- I c - c - s -s d c- c - s -n-s- - s- : s - s - s - i - c - ’ n - ’  -c- i a d e q u a t e  i-- s-s-s - h .  i s - s - u t  s - i c - i s -
is a soils-i- i - c s - s - c -  t i - s - c i t  is seldcc- s- -s - s - s - c d  b ’s ts -he c - c - s - i - s - l i t  ac- c-s-s - s - .’ s-c-ar -oh c - a s - .
s-l i-c- c s-s-s-- c - - c s -  f e s - s -s- s- c - r s - e e  h a s  b e e r  4 o f i e l d  t h e  syste m s- s-a t Ic-c-c as-s- c - i  t o

c--c-move its def s- i s- c- ‘ - s- n - c ic-s in s-s - i - s - c -: course of’ opec -c-it loss-s s - i - s - -cs- s-c- c - T i - ,
Product I n - s - s - r s - n ’ o v e n - s - s - s -~ s-ct  Pro s- c-s- s - - c - s - c ’ s -  ( P I F s )  . ~~s- s- s - s - s - s - c -t- s- n -c S  this racc - i -s- r e
is extremely c-xrs-en-s-s-b s-s--’e if c - s - u t  d i s a sm s - s -n ’ - :cs- ,s-s- . The A — 7 D , is- or ’ e s--c--
an -p l c - , has h -c - en -  on ’s - s -un t i e d  i-s - .’ s-he  s-s-s-~s- s - i - r  Force  fcc-s - n  ac -a es--s-i - e n - s -s-s-c- s-I i- s - e-
n - i  od of ’ t i - c ’ s -- s- , b e c a u se  of c - c - c - s - g s -  c - s - c - i- n-nb 

l s -
s-
~s - s - s - s ‘a i-cs-I s- s-ore c- s-c-v ’s-n’

q u a t e l y  s--~or kc -ts-- d out i - s - n - i c r  t o  I C C .

We si-n -es-i s- her-c- i-a s-’s - cxcs - s - s- s s i v c - s - -  coc -s- - aun ’r - es - s - s - ay is s-ac t i -h e  -s- s-s-i :!
c a use  of n - o r -  f ’ s - e l - c- c-- e l ’  s-s- is- i - l I t ’s-’ , an - s-I t i - c - a t  i -h e  v a r - i c - s- s-c-s sub s- c -s-s c - c - t e n - .

d e c - ’ e l o c - s - r c - s -s- s - s - c - c -’s-s- p u s  - i - C I c - S  c- i s - a s -  s- r e  i - i - s - c -  s c s - , c - s --~~ e c t  o f ’  t h i s  si - s - c - l s - s -
’ ’ c-. -c- ld

n ot  aver t  su c h  s - c -c ’s - c - b l e s - s - s -s-a lay c- s- s-- s- - :s-s - ac - c- l ves  in a l l  c a s e s .  P e v e n ’ t h e —
less , i s -  is - s  - c l e a r -  c-s- i - c - s - c -  c - s - h s -s-- ear ls-s a ie v c -c - l cp r r s - e r s - s - t  of t i - s - s - se subs s - s -’ s t es-c-s

t y p e s  t h a t  as-s- - s-c- k s - s - s -s- s - s - a s - c - t O  i - s - s - s -~is-c - i -At-i -  p r o i -b e n - c -s s - - s - c - - s - l i  he h e l p f u l , i - -

reducing ooncun ’res -s-s- s- s-, cs -n - s - i  i-a ra- : i-s- - s - i ir s-g c-s-s- s - s -re  tic ’s-c to s-sc-rh out dii-’—

f i c u l t  ic -s  t h r c - s - s - c - r s - h  the p r o c e s s e s  of ’  TAP ( t e s t  , a n a l y z e  and f i x )

I n - s -s - i - e n - e s -- n - d e n t  d-s - s- c-’ el o s-c a en t  in  i t s e l f  W t s - c - c - T i s - i  c - c - c t  heir- , be s - i s -  s-s-c- se

it does rn ’s-s-s-c p r o v i— t i c  n - s - o re  t i n e . But  u s i n g  a s t a n d a r d  s u b s - p s - t e n s - c -

i-

s 

- i -h a t  s- s - s - l i - i - s -t  have I-s - s - -en  dc- s-e lope- i  e a r l i e r  c o u l d  i -c -  h e l p f u l , be-

c a u s e  a s i - a n C s -  n--i i t s - c-c- rn ’ s PAl-I  c s-s-s - n be e x p e c t e d  t o  be is- c-o t t e r  i - h as -n-

i -h at s- of a n e w l y  deve loped  its - c- s-s-s- . s- i - w e v - s- -r , in a c l i s -n a te  of ’ r r s - s -—

cur - s-s - c -c - ens-’s- , whe re  new ss-’s1 ems ar c-  required s- an s-c- s-s- b stant i s - a l l  s-s c u t —

perf s- n’c’s- 0 1:1 ones , t i - s -es- u se  of stan-lard su i - s - sys i - s -e rrs- s is s -e s - s - a ’s-s - s- ly

-s - i n ’ s --s-’ -c - rs - z-s -r’ib s-s-s-l .

2 .  ,-s- s - s - h s - s - d - 4 1 e  s - l s -~ s- c - - s - ; je o ” s- s-s - :s-z ,
s- u c - s -  s - c  s - s -’ s - ” s -s- o - c - i s-s-c- s- s-d h ’~ ~~~~~~~~~~~~~~~~~~~~~~~~

s- s- s- - s -  li te d s- s - ; ’ c l s - s -~~~r s - e u i - s -  u s - ’ s -i  s-
s- s- s - s - u s - s- u s-c- s- s- s- s- t -s - s - s - l  s-’ s - s - A s - c -

s-
- s - s - n -  “ s - .

if)
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3.  lj u , s- s - c - t i
’

s- f s - s - s -s-
s- ton -j p s - s -’ s- ’J i -s- s - s - ’s-- s- ’s- s - z s - s- s- - s- o s-’~ a rna ,Iox - s -s -est em c - c s -~~~e c -~

b y I s - s - a d s - a q u a s -’ - rs-i-~ as-s- is -- s - c  s - s- n ’  i - s - s - n t  s u L s s - s - s -  s- s- s - r n  (s-in an ex—

cs - s- s-
- s-s- s-c- Cc-s- s - s - C  t he  ent  ii ’s - - d eve  l o s - c -s-’s - c-a ? s-~~ ‘-s - as - g be aL s - c- r s - t e d )

These ewo problems are s- s-ts -uc-anis -s Interrelas-s-c-:d and are dis-
cussed together’ . The absence of’ a critical s--s-ui-system wi - c- c s-n- i t

~ is needed  can occu r , b e c a u s e  the  c-s-- s-c- - s - s - u i  c - s - eu  ss-s-s-b s-c-c- y s-s- s- cs-:s-. p e r - f ’ s-o r - c ’ s - a n - c e

may be beyond the dernorists-rated state of t h e  a r t , or is- s - c - c s - u s c -  s - ab c
s-tate of the ant is misinterpreted. Enninec-r’irs - s - r s- ic- ’: e ! s - s - n c -c- a c- c - , t  -s-- f’

systems that require advancis -ci- techn-ology is- s risk Is-’ . Y e t  t a a i n - g

such  a r i sk  may be t he  on ly  w ay  In w h i c h  a d e a u at e  r c - s - r f c c -  a n - c e
can be a c h i e v e d  to  mee t  s - s - i s - s i c - n -  r e ou b r e m e n ts .  T h i a s -  rais-es t i - s - c -

quest ion of whether hardware rc -ns -c-i r-erc -s- cs-n-t s that ~n-volve advanc-

ing technology should be s n - e s - i s - f i r -i fo r  c-s- s - e s  s y c - c - is-err ,s . ‘
~

s-,’ c- s-do flos-

s- examine t h i s  policy here , but s- c--c c attempt to ic-s-dic es -c so c -c - s -c- of

t he  c o s t .  Cur case s t u d i e s  i n c l u d e  s y s t em  de ’ae l cp me c - a t n - n ’ s - i - r a n -s-s

t h a t  were  tact c o m p l e t e d  due to  f a l  l u r e  in s- aotaievi s- c- c - g s-c - s - i c s-c- cs-ate
o r i g i n a l  e s t im a t e s , p r c g s -r a :s- s - s -  t i - s-s - -as  - r e q ui r e d  longer  i e v e l c p s - s - s - c n - t

~~
s- s- tin-C than was expected an-d a b o r t e d  p - r c s - r- an-s- s- (in sn -nc - s -c -ic-s-s - d i - v i du a

dev c - l s -n p n s - en - t s  a l l  th ree  o c c u r r e d) .  Tn some cases , where

“successful ’ operating hardware was  eves- tually us-roduced , is - was-

n-ecessary to relax requires -s-s-c-or,ts to obtain ac’s- o p e c - a s - i s - c -p sys s - ec - ’s - .

-- Cc-ac- way to dc-al  w i t h  t l ais  i -n ’s - s - i - l en  is to restrict engin-eer—

in-g development only tc- the truly demonstrate s-i s-tate of i-i-cs-

ar - i - .  I f  a d v a n c e s  are c-s-ceded in a particular area , advanced

d e v e lop s- s - e n t  ~ r ogr cs -ms  airs-ed at demo ns -at-rat i s - s-n  sh a — u l d  be u n d e r —

taken. The problem here , of course , is that this delays c-i-ac-

— in -br’s -dict ion of new systems.

Early develcp s-men-t offers a partial oc- l s -u t i c n  -to s-ic-Is ii-

lemma , b u t  it requires foresight to dc -i-errs -s-in-c- that s-s-i s - s - c - c - i

exists. If such a need can be identified , ED of i - s - a c - s e  s u b —

ss-yst s - s -s-ins wherein the requirement t o  advance  ‘i--ce sta ’ e c i s - s-s- i-c- s-a’

ar t  is  recognLs-ed  nc - I g i - c - t  be u n d e r t a k e n .  If  f - c - r i i n~ is available ,

~~ V’w~~~~
s-
- s - , . s -~~~~ ’~~~~- & .s- ~ s- s-

~~~~ 
‘ ‘ s- ~~~~~~~ 
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s - s - s - s - s - s - i t s - i - i c -  s-d i - s  -s- s- s - i s - e s  m i - p b s -- be c s s - - - s-c- s-s- c- i s - s - c -  s- -cs -’s-’ s- s- - t i - s - c -- I I k c s- i i s - , - s- s - ,’ u s-
s-- s -s - c - o n e s - a, a s-is- c s - . s - s - s -  s - s -  rs - s- u l c - s- i ple  s - c - a p i -s- c - - s - s - s - c i - s - s - s -s-s-s -s- s -c - s - c  d es-s-- i c -’  s-’ s- c- c - s -s -s-s-’ cs- :’.l v .

Sy s t er c - s -  s- l s - s - vc - ’lo i - s - s - s-s- s- s--s- a lc- s - s - i a  - - u I c - c - i n s --- - ’ l s- - c —  s- s - , i- i - a s - s- I s-~r,s - i - I  - s- a s - c - s - c - a

s - s - t a ’ a e — o s -’ — t i - i e — s- c-n-. s- i s-c s- ’c-’ e t  s- s - s - s -’ s-s- ’ 5 c - c r ,  s-s- s - s - u i -s- s - i - s - c -s- s- i s - I  s - c - ’ ’ , s - s - - - s -

-ac- e s:. If ’  cs - c- s - c - c-: cs- c ’iy  - a i s - s - - v e l o i -  ns - :- s- c - r s - ’s- i s - s  ur s- , s - u c c e s - s -, s- s - I ’ r , 1 , s - s - c - ,  ‘ c - - c - c-

s-rc- rs- is-- es- s-s - c - i c - c s -s- i- , c r  a s- I s - s - - a ss- ‘s- c - - ’  s - - ’ - s-s - i - f l  las- c- cs- s -. I c - s  - s - : c a ’ i - ’ c - ,  ‘ h s--s- - y n - —

s - e c - s -~ d e s - s - s - l o i s - n - e s - s - s -s - s i - s - c - s - u i s -s- I c - s - c- s -be i c - s - i ’ t a s -s- s-c-d , I n ,  i a - c - ’ , ‘ s - ’ s-’ i - s - c

ss-, c - — i - s - -- a s - c -s-c- a i s- s - c c -  i- s-a- s-i-s-s-c-a r s - c - r s -s- s - s -~~s -s - - c - s - -s- s- ’ - i - c  c o s - t s -c - i -  v s - : I i c i - r s - l  c - s -  s - s - as- s- -a

fo l  I s- c - s -s- c-s- i- i- s-e ~s-
s-s - !s-t s s - C s- r e - . I ‘s-- s o s -  s - c - s - i - s  c-s-,a s- i or  i- s-s- s - s - s -c- ac-s- . r ’. s-s-s- .’s- ’~ s-c- s-

_ a s - ( - s - s - c - e tc-s-s- : ’c- s , c - s - s - s - s - c -  i - - r ’ s- s -- a ’ - s s -
~~n’s-s-s of ~ c- a s - r s- - , e s - s -u i ls  -~~s - - c - s - t i c - s - e s - a  s-

s-
s- ’ i -  ‘ s - i - c -

s - s - - i - s - s  - s - s - :s - s - c ’ s - c- s- ‘s - i - c -c i - s - u s -s- s- s- - a s- s -c - c- s-a c- s-iags - s - r s - c - e s - s - I ’s- 
s- - c - c -  a s - s -- - c - s - s - s - a ’ s - c - r e  e r r s- c - -  ‘os -c - I

f - c c - -  f ’ s - c - lI— s - -s - c o l e  ds-s-’s-’s - os - Lc-u-c ’ s -c - c - c - ts - , n - c - s - -c - c - ,  i - , s - c -r e  c - s - s - a y s t i l l  s - s -a  rn- c-s-c -a s-
s - s - F- S

i - u s -  s - s - he  v c s - i i a i a c -  i c-c -I.

Es-Ir s- s- I,’ s - 3 e v e 1 s -s-~ r s- s - ’ s - ’ s - n s - s -  c s - s - s - s - c - s - c-f s - s -s-s- Is- c - c - i - i s - - - e f’ c - s - -  n s - o s -s- r s- I s - s - s - -c - is-~~ s-s - s -a: c - s -ts- On ’

:‘;ccs- r’-T r c -
s- s - i - c ’ i s c - s-s- . l’s- n - - c - n a  n - n s - i ’s-s- i ’s -s - c r a s -s - - s - s-s-e t h e  I I F s - e l i - i - s -s- s-a aa i c-s- t s - s -  i s-as- - : el c i -- —

c’s-eras- . ~ i r-c- s-s-- cs-o r. i-~ ~ i,an-s-s-’ed s - s - as - f f i-i - c - -oh- ly s-o rs-s-e~~c-. a ~ c-s - l , c r’ a l t e r —

c - s - s -s - i s - ’ e i c - ’  s- s -c  s - s - c - c s - I  I c-c- s--s-’ s - s - n - i -  us- i-  - i-c- s-s- ’ s - s - s - c - c s- s-- s - c - s - I  s-s-c - s- s- c-’; is- c-c- s - c s - c -  s - s - s -s- c - s - -

t i c s - s - .  A d i - s - s - s - s -s-- s- s-.
- s-c - a s - s- -c  

~~~
‘ s - c - a i r s -i- ED c - o r  s- s- i s - i s  c - s - ’ s - c - c -  s - a s - s -c- i - s  s - s - s -s - s - s -

i - i - c -c- a s-o s-s-- s - t e s - s - .  s - i T
s-
. ~~s-~~

- s- c - -  
s
- s-

~ be d~~
s- s - s - - l g n s -s-s-c- -s-i ‘a  us c - a  th s -s-

- d e s - s - s - i c c - s - e d  s- s- s-c--

s-~’s - i - e n -  rn-h- i-er ‘ i - c - ’ an ,  s-
c- ’ i s - s - - c ’ s- s s - s - is - c-’s - y u s- en-. i-i-c-s-t ‘s-h c-~ i-s-t i a s- ’ s-- s- i c - s -s-s-- eu

d e n - -’ yeas - i- 1’ ‘ 
i s - s-s-c- a s - s - a ’s- --s -s - s - i-c- c - s -ens - ron -c - a ’ s -a c s --s- ’s-i a c- s -e j s - s - ’  d e f t  n-ec-s-i is-c f ’s-s-re

t i - s - s  -c ’s -s-c
s-
c-s-s - s ’s - s a t e - u ,  s-r €a s-’el s- r s - s - s - s - s - rc -’s- s i - s - s -s-- c-s- c - s - i .  O t r s - c- i- c- - ; i -s- - , s - i s -c --ie’,’c-i cs - u s - ’s - e a ’ s-

s - -ins - Id i-s- cc- s a s s - c - s - c -. 
s-
.- s - s - s- i l s - s -  i s- r s -  s- r- i s --c - c s - i n  I c - , cs-s-e

s- n- s-s-c-s- li s - n  t i c - s -s - i s - a c -  i cs--c - s-

c-s- s-s- s - s - s - n - s -
s- c-- s - i s - s - s - : s - r c - a b is-s-s- , i n  -c-

-- r ’ c - s - s -s-’ i-_ c c -  s - s - o : t  s - - s - i s - i c c - c - - i - -,’ i - , - s - r ’ c - iw ac - ’s- s-c- is- s c-_ s - s -s- s - i  irs -

a ‘sos- a s- -a ’ s-; of ’ w s - s - s - vs - s -s -, c ’ s - s - s - n -fl cs-s -c- c - i - c - s - c - -  s-c- rn’ s - -s- - s - s - t i c s - - c l .  , -s- s - c - ’-a c- ’c- cs- cc- s - - c - s - i - s - c - s - s - is -—

c at i o n  s- s-ear s-s s--s-t i s - . a’s- c-c- s r s- s - s - c c l a i i  s - s - a s -  - s- s-c- , c - i - is- cs- u s-s-- i  s - i s - n - i -  s - c - c - s - lI s-s-s ac-c-i
in c r ’ c a a s -  i n n ’  s - s - J e V s - i l o i - c - s - s - s - s - c - s - c - s  - n - i s - s - k .  ~~‘ ‘.‘ - c - ,  i - s - c  ac - s- s- i- s - c - -  a c - s - s -s- s- en-c- s - - s - i s - i - c - s -c- per—

f ’ s -s - n ’ s - .  i ’s--s-il i n he ac-ic s- s- s - i -  
s - s -s- i - c - e s- 

i a I s - c - i ’  s-s- s-cs- - s -o s  - f o r  s- - s -h I oh I ‘a l a

s-s- s - u  i - i n - i c e s - i  . s - - i - s - s - s - n - c -ov e r ’, m i s - a s - i  os-. s - s - e q s - .~ n - e s - s - s -  s -c -
s-s - s  ar c- o f i - s - c -rs- c i s - c - a s - c - g e i

t h e n ’ s - c - b y  c-- c - s - - I s - c s - c ’ s -p es-c c- r’ er -c - cc- e - i - a s - t i s - i s - -’s- s -n ’ l o s - s -  ‘ a a s - . s - a n - p - t i - ;  s - c - c - c - d rer’ i -n ’s-s-s- s-- s

c o u r t s - a r-i- s - c - c -s - c - s -s- I ’ s- s - c t  i - v s - c  s - - s - - r a  T h e .  in -  -cu rs - , i-fl o f s - ’c s - n ’ a  a n - a s - s - i s - i  sc-is--

t i  os-c- to i - s - c - s e  t’,us-s-s- ’~ c o b I s - s - ; s - s- ,cs- , l a s - s - it i - s  c - a -s- s -c - t  -s- s-c-ubst s - i - u’s- es- f c c - ’  i- i -as -ct
ud cc - -  e s - s - a  and s - c - s - s - c - u t he s - s - s - p p l  i c - s - i -  , s- s -c - r i  a o , s - s - I y .
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I c - c -  I s - s - p s - s - c - i  s- e s - it c i s - s - ,’ e l o p i s s - c - s - s -’ , c - s - I c - s - s - s -it s - i’ i - ’ s - ’ s - ’ , s - c - i r s -  rr s - c a d s - s a n —

‘s- - s - s - c , woul i n a t  he lp  i - s - c c - c .  s-
s-
s - c - s - I  s- T h ’s -  s - - s - ’ s - Ii za tio r i Is- & c - s - i - l i C O b l s - c -

s-s-s-c-dy i n the  sense t h a t  s - , s - s - s  - o s -  s-
s
-i c ’s - c - s-s - s - s -s -is - I . s - uuc - c -s-/ s1 s- s - s - r s -  could c - s - s- -li -s- c-

-
s- - s ’ s - c - - c -  s - h e  c u b i c - r n, b u t  s - c c -h a . s - c - l s - s-s- s- ; s 1s- s- s- ’ s - s -  s - s-c- u r s - l s - t - l y  to pr c - v i - d e

s - i c - c  c - s - c -s-s - ‘ .s - s -ary s- c c -  s- ’ cs-r ’manc es-

0 . L ‘A cC’ o s - ’ r s-s-~ et i  t i s - s - s  -s - s - c -  the miii s - t s - a r~~ a : ‘~ip tn en t  as- s - s - c - e k e s -

o ‘ ‘‘s -r e s - z f t e r  i s i s - i  z l  ~s- us-j . T his  p l s - s -  s- s- - s  t he  g o v e r s - s- s-s-s- ’ s- s-s-t

s - i -  t A s -s-s- r s -s - er c i- s-~~~~~~~ o r ’ t h e  sole supp l~ s -s-i n s-I ‘u s-  result c- c-

excessive s-s-c -o ,c - t s .

.5. P ro l if s - rs-z t -Z o n  os -s -e sur s  s-i -n subsystc s-s-s i - s -’s - c - s - frs- s-s-s-
’ed to p c - s - s - s-- -s-s- s- as-c- n-

.s- im i l a r  f u n c t s -’cn s , s - s - i ’- h a t ~~end s - c- c -s-h ‘s -s - ih p r o l c - s - c s - i r s - s - s -  ‘ s - s - c ’ s-- ’

i - s - i ’s - c -s - c a b l e  to small volu ’ne , and with hI jA log istics s-s-os-s - c -s -s

s - n - s - s -s - c a b l e to e s - s- s- , i c - t e r c h s - s - n s - e i - L -f li i - y .

We have ident iti - - these p r - c b l er s - a s- as subsidiary cr c - es  t i -a t
may be impacted upon by one - s-

n’ more of s - s - i - s - c  -proposed ‘s-i-s-s- c- r oaches

to  ave r t i ng  t h e  primary ~r i - l e n - s  d i s c u s s- e d  above . In - f a c t , t he
p r i r s - a r y  way of s - c - s -c - i r s - s-s- a c - i s - c - s -s -a s-s-s-s -s- - s - s - t i t I o n  an-d ci-’ r ed s - s- i c - a g  c - s - r o u t—
c-r a t i o n  of m i i l t s -s-s-s-ry s-u i - u i - s -- st ems i s - c - i - h r c u i - h  s - t a n s - i a r ’d i z a t i o n -.
This broadens the potential nar-ket for arc- lc - s-,Iis-vidua l I t t s - s - s - s -  h ’s-’

poolirs -g a c -c s - c - s - s -i- er s- s - c  n - c c - s - i r e s - s - - n - s - s .  A n-d ii- he lps -  mai n - s - a i r s -  s-n’
s-

s- s -s-p e-

tition lay ensurir.c- tha t all contractor: ar-c  b i s - s - o , I s --s-i- t o  sacs - -a ly

i-he same itec - r s - . Howev er , c -s -h e - s t a n d a r d i z e d,  i t e m s -  ms-c-ac-’ l Im i t  s-i-ac

performance of the  s y s t e m , s ince i t  is l i k e l y  i-cs - r e n -r e s e c - c - s -  a
state of technology that is earlier i - i -on  one t ha t  could  be-
ava i lab le  f rom a la ter  -Ievelopment . Also , note i-hat a stands-n’s-i
Is-i-~~~~v s - ,  though irs-dc-s-ben-ders-s-ly qualifis-ed , s-nay i c - s- - c -ran t s-’ s - t i c -  s - I c - e r
arts of the sys-teis-s- to cause unis-s-s-s- i - iois- pated syst e n - s - c - r s -s-s--blems .

i- i - en-ce , i’ is - clear that all subsystem s should c-acs -~ be :ts-s-c-d’s -rd—

ized or independently developed . This i: s - I s - s - c u s s e d  f u r l s-hen ’

under the guidelines bc-low.

Ear ly  deve lopment  c-an p o t e n t i a l l y  c o n t r i b u t e  s-c r e d s - a c i n g
problems c-i- and 5 by i-s-r ’rvi ding subsystems t h a t  c - s - s - ig i , t  be candi-

dates for standardlzatiors-; but , most commonly , standardlzatios-s-

Is a conse quence of ID.
k
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B . S U B S Y S T E M  D E V E L O P M E N T  P O L I C Y  G U I D E L I N E S

I .  S e l e c t i n g  C a n d i d a t e  Subsystems for Earl y Development

In Chs - s - s -r s - t s -s - c - s -  I I I  s-s-s-c p r e s - c - s -s - r -s - t e -i c-s-s-a s - s - c - s -  a n - s - c - s - s - c - s - s - e n s - i - s  f’ s- n- a i r , —I an ’s- s -n- at

ur s - s -i s-s-c- s-’t ak is- ,s-c- e a r l y  d e v e l o p m en t  o s -  i s - s - s - s - p  1cc-s-d t i n - s - e s -  s-s - 1s - c - b s c - s s - e r c - s - s
b e c -’ s-s- :’c-s - a a c -s- s- ’s-s -cif is -’ s- s-c ic-ag systec’s- ha:s- s- Lee s- c - dc - firs -ed irs - s-s- c-c-

c-
s- c - c - i s- . 

s-Is-
i-s- c-

a r - c-n -s-s - c ’ s - e s - s - i - s -s ar -c s c -s - s - s - s - s - s - i s - s - r i  s-s- c-d as fellows-

• Ear - Is-y s- i - eve lnm c ’ i s - a r s - t  r uns  as- st ronp  r i sk  of i c - s -s - s - c - c  n- s-a- c c= - c-h,y
s - s - s - c ’ c - s - c i t ’s-,’i r n -s-’ t i c - c  r e q u i r e d  c y s t s -s-s-c-s-. h e n - f ’C I - c-’s -s-as- s-s- s - c s - - , s-c-i ns - c s-s-c-

i t mus t  i - c -  dos - s - c -  Is-! ad’s-’an s-s -’e of ’ cc- s-s- ’ s - s - t e r n  def in , i c-s - s - i  a r c -  -c- s- s - s - -a ,
i n  f a c t , is- n a d - i s- n e c  ( s - f  conc e i s- t v a l i d a t i s - s - r s -. H os --s-’ s-c- ’,-e n ’ ,
t h i s- s-a risk aI rs- s - c - s - a t us-li-c - u s -- to ear ’ly d e v e l o p m e n t . ii’s-s-c-s - c -
w h e n -  a i - s - s - e a t  - s - e s - s -i of is- n - f ’ s- s - s-n ’s - s- s - s-t i s-as- n -oh -out  a s - a y s - t e n - .  Is- c’s-

a s - s -s-c -is -c-la s -ic , the s - u s -  cys ’s-s- e rrs- c - r a n - a s - c - e n - e r a  c a c -
s- s- i - es -  p 0 c c - li - ,’

chose rs - .

• s-s-c-i -s -s S y s - i - e s - s - s -  i t s - e l f  may ne’s- s- an - ’ i-s-s - c  - a p pu - a s- sed , or es-c-c-c- is- f

it  s-a i- - - u c - c ’c- ’ s-c - d  , s- ic - c- - p c-n ’s- s- - c - - s - c - s - s-. c - c - s - c - s - s - s - s - s - s - ge l ’  may e l e c t
s- Is - s -z e i s-s - s -p a nn t s-hc -x-  : ut s - s ys s- s-,c-r ’s- r o t c - s - e r  than use t h e  l e v e l —
c-re  I s u b s - s - s -s-/s ’ s- a’

• T e d s - s - s - c  I c s -p y  des-s --cc - s-s-c; c’s- s - c - c - c - i - s  s- s-ay c - s - s - a is-c- ac-c- es-~r’J s - y  d evc-I -s- i n-s-c-c-a ’s-
subss--’s -c - t e s - s - obsoles-e- i- c - f ’s - s - -re as -can - cc- used . c - c - c - c - t i-c-
s- othe r ’  s - s - ac - a s- c- , s-- h e r e  s- s-s-

~~~~i-s-s-c - s -s- i s -c-
-u ’s  -sees -c -s-a s-r . t s -s-cn ’o , as- s-a earls- :

s- i c - c - ve i s -s- s - - c - s - rr s-ers-t s - c - s - s -s-fl s - s - a s - i s -s-c at ’ s - s - l I a b l e  c-c i r i s -p  l e a d  L i - s - ce s - c -s-s - i - —

s-n- a’st s-s-s- i s- . n o  aver t  a d e l ay  is- s - c - li-s-I . Th c - ’cs - s - s -h  cs-s - n ’ s - a v i s - li c- c-n ’
s - s - s - cs - re d e v e i n c - s - s - s - s - e c - c - t  as - cd 1 c- s t  i r s -p op c -ao r”c- s- s-c - s- i t y  , c a n - I s -,
s - s - evc - -  is-n rrs- -s- rs - i- rs - s-ipls -t s-iso produce a nc- c-re c-a s-- s-s- ,n ’e s u b —

— s s - ; s - i - s -s -s - s -s- s- s-s - s - s - s-d t i - s - s -
s- n - e Ly reduce the need fcs- r h I P s

• i - s - s--s - s - l y  s-i ev e iopmen t  c-s-s-ay f o r e s t a l l  a b - I - c - ma t s -c-re  s y s t em s-
- s - i s - s - s - v e l cs-s -p s- r s - s - s -s- s--rs - t des-s-c s - s i n ’ s - c - .  ls-s- y l s - c d i c a t  las-s -cc- s-- i  s - s - c ’  i - h a t  s-cay
is-s- c- u n a c c e p t a b l e .

In S ec t i on  A of t i - s - i s - -  chap te r ’  we have -dis-aussed t h e  ratio-
na les  f’s-a r i-s-s-w E a r l y  Develop s-s-ent  s-’s- is- c- s - h i -  I c -elp o ave r t  ti - s-c -n-a,~or
s-s - c -v e ls- r :s - s- s-s - i s -’ n -n ’s -- s - i - I c c - n - s -s ti - c - s -at c oc u r r e d  in t h e  van c-u s  c -s- s- sc - s we

e x a s -s - s - i s - s - o s - i - s -  , T h e n - c -  is no ac - a t e  Us - s - s - s -s-s-s -i- i r s- s-n - w i - s - s - i -  ci- t ic - c - s - c -s-c- s-s-’at i :an-a es
can i-n’- c - c - s - s -s - s - c n t is- f ’is-c - i . P u t  s--s-s-a’ be lieve tha i-c- s--s e have pres -as- c - c - ,t ed

e s - n - - s - u s - la in s-’s - s - c - s - s - s - s - s - s - i -  i o n  to s- 1 t 1 S t~~~~~
’
y t i -

s- s - c - ’ c o r c - c lu s i c - n tha i -  PP of ’ sub-
s- 

cs-/ s - n o n - s -s-c- s h o u l d  be p ra c s- s- i ced s e l e c t i v e l y .  I’s-n-a’ bel ieve s- hat s-i-ac

i - c -s - ’esen t~~ i i r s - f ’ s - s - n - s - -s- c- it -io n  n - c -c-i ’s -s -s-i t s  t h e  s - s - n  e c i s - f i s c - s - r  i- nc -s-c- of pu s-de l i s -ce :
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arguments , t he  f o l l o w i r s - g  gus -delis - s -es - : s-c-re qualitative and n-es-is-ire
the exe rc i c - a e of c - c - s - a s - s -s-cr c , i n f c s - n ’ c - - s - s - c -s-i j u d p s - s - en ’s -In t h e i r  s-s- c - s - s - n - i s - c a t  s - or ,
to q u a l i f y  any cs -s-c - n - - i - i d s -s- s - t e  t’on’ early d e v e I o p r s - a e c - ,c-s - :

a .  The subsy s-ts--s - s - s - s - s - is- of the  typ e  t h a t  r e q a i r - es- s-s- a l on g
development is--ad t ic - s - s - c  -relative to  the  deve lopc ’s-c-n-t
t i me of o the r  s u b s y s t c - r s - s - s .

b .  At least  c-ne , and p r e f e r a b l y  several , pot s -s -ri -s -a l us -e r
s y s t e m s  arc- i d c - n t a I f I a b l c -. N o t e  t h a t  t i - s - c  - d e s - s - s - i c - -s- i

s- c h a r a c t e rI s t i c s  of the user s y s t e m  may not  be kc - , ac s - wc -s-.

at t he  time ti-s-at ti-,e decision t o  develop the s’s-i--
system is taken.

c. No subsystem alternat ives are available ti-c-at was-s-Id
permit the system to  be c c - s t — e f ’ f e c t l s-ve In a minimally
acceptable set of m i s s - I o n s -  of the  type s- cr w h i c h  ti - c -c
s y s t e m  ic -s - e n v i s i o n e d .

d.  I n t e g r a t i o n  wi l l  not be a s - c - s - a jar  p rob lem . In o the r
words:

1. s-li-c- subsystem pen - for -s -s- c-an -ce characteristics - are
a l t e r a b l e  over a r’eas-onable ran-ge s--sithout n-c-—
qu l n ’in -p  major  deve , cpc - s-c-e nt  e f f c s - r - i - ; t he  s - c a l l— c
laws governing changes- in the performance of
the subsystem are well understood , or can be
clarified dur ing s-cs -ct-s-s-s- cs -em development . Alt es-i’—
n a t i v e l y , s y s t e m  req s-s-s - i cs-- e n - s -s-- r s -t s  are of s- s -s-s-c - f f is- c ier , t
f l e x i b i l i t y  to accept  the  developed ite m s- a .

2 .  The s - s -s - a b s - y a t e s -rn can he repackaged without m a c’ or
deve lopment  e f f o r t , a l l o w i n g  it t s-:s- f i t  i c - a s - a  t h e
sys t em w i t h o u t  i n t e g r a t i o n  p rob lem s  or i f  s-s-a -oh
r e p a c k a g lr s -g appears  imposs ib l e , the  s y s t em  can-
be des igned  to a c c e p t  t he  subsyste m s- .

3. The env i ronment  of the  using sys te ms - .  w i l l  c - s - o s -  ad-
versely affect the performance of the subsystem s - .
If the normal  s y s t e m  envi ronment  is  a pr o - i - l e na ,
a controlled environment for the ss-s-c-bs ys ten - s- w i l l
be available.

14 . Conv erse ly , the c - c - s - s - i  n - c n n - e n s -  g e n e r a t e d  t -y  t i -a c s- s-b —
a s - i s - t e rn  w i l l  have no adverse  i n - s - s - act on the sys te ms - c -
or other s u b s y s t e m s ;  a l t e r n a t i v e l y ,  t h e  e s - c - s - - i n - O s - s - -
men ta l  i ns - c - s - ac t  cs- f the  s ub s - s y s t e m  is controllable
by appn -c-s- i- s-n’s--s- c- e packag ing.
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€- . . s - ,’ n - t c - : s - s - oE s-- s - col es s - s-s--c - s - c s -s-: , s- s-i - s - c s - s - s - c - s - s -i- i s -n ’  f ’ s - - s - s - c - s -. t e cc - ,c - c - c s - l o s --v C s - , c - i c - s - s -c - c - - n -

in ts - i,e s - u i - - s - s - s - s - c - h -s- - c - r  s - s - e r - s-c- s-I , s-’: il s - s - c ’t 
s-ce ‘ c - r i o t s -s - c s - s- s - a s - a s - s - c - c -s-s-c - :

1. ho i- s - v s - s - l o i - c - s - c - s - s -s-c- s-c-t r’ as-’-- ‘ s- s- 
s
-s- - s - i - s-- : to  0l s - s O i s - s- s- - t c - e i - O s - -  c s-i l —

s-’is-’cc tc s- s -s - s - s -, i c - t o m ’ s- - t i - a s-s- - a s - / s-’s - t s - c s - s - s - ,  - l e v e l s - r i - s  -- -c - c - t s- c’ n - t a r s -s- s - - s - c - ,
or

2 .  ‘h a - c - - s - c - , s- is-, a s - s - c - i  f’ s - s - m s - c t s -s- s-
s-

- c - s -
” p r i - s - s - c m Is-s- c -c ’  as-’ - - s-i- i - - s - i - —

- s-s - c - a s -s - i c , o c - ’

a .  i-~s - s - c - s- s - s -~~~c - s - s -  t e r s -~~f ’is- ts c - s -  c - os - a - s - t i i t s - c -’ c - c - - s - n - i - n d  of s-i- s-c-

s-s - u ls- s-- s -ca t s -s- - s - s - c - c - c -s - - :ceecI  s-s- s- c -s -c -s - .s-i -s - s-— s - c t s - - - -rI “o s - i - s - s -.

2. S e l e c t i n g  C a n d i d a t e  Subsystems for I n d e p e n d e n t _ D e v e l o,ps-s-me n t

I n - d e n - e n - i c - s -s-s- i - s-l c-ts-elopmec-c-t is generally u n s - d e r t a h e ’ c - s -  w i n - h  i - s - c - c -
ir s-s- e r s - t i s -s - c - a  of develop s-s-c-i-- a standard subsy stes-s -s-. The i-i-s-uid€s--lin,es

for such a- case a s - - s -c-- stated u s - s -n - e r  t i -ce n- c- : y t c - a s - c - p s -s-a n ’ s - s  - ( S s -s-s-bsect i  s - c -
3 ) .  Sorn et ic-c-s-es - ID is undertaken without ac - s- i n t e r c - t i o r c -  to  s i - s - s - c - —
da ’dize , and t rans  - a p p l i c a b l e  g u i d e l i n e s-  ar- c cs-s- s f o i l s - cs- s- s - s - c :

a .  s - s -I s - s - r e th an -a one po ten t  is-i  us - i r s -p sy s-t en -, in-c lu s -s- s - i r s - s - c -  s - - c - i - s - r U —
f’ s - I t s , s-is - s I d en t i f i a b l e .

i-as- . T n t e s -c- c- - a t i s - s-s - s - n - s-s-s -I l l  n - s -c - - i -  b c - a s - s - s - -c--s- ,s -~cs-r r n ’ s -c-s- i -s- I s-c-- ms-c- . In ,  O s - i - c - e n ’
wor d s:

1. l’s- - s-s - L - s y s t e n - s -  p e r fo r ns -c -ance  s - c h a r a c t e r i s ti c s  are  a l ter’ —
s-s-s-ble over’ a r e a s o n ab l e  ran -ge , s - e s - t i - a s - s - u i -  requ irir,g

- ma jor developm ent eff s-rn ’s- ; t i - c - c  - s cal i s-c-c-p i~~s--s c g c v e n ’ n - —
ing ohs-c-n -pc -s s-i - n the p er - i’cs-- r ’s-a c-c-s- r s - ce  of ’ n - h e  s s - s-L sys ter ac-s
arc well undersc-ood, or can be clarified ds-r’Is-c- i-s-c-s-

subs s - ’s t ens - c -  d e v e l o p m e n t .  A l t e r n a tl v e iy ,  s -p s -t on -
n -es- lu n ’ cs - c - s - es - a t s  are of sufficient flexibility t o
acce p t t he  deve lo ped it em.

2 .  The s -u i - s y s t e m  cars - be s - e n - a s - s-s-s-i-s- c s-s - s - e d w i — i c - c s - s -i- r- s - c - c -,s-
’or

d e v e i o p n s - en t  e f f o r t  a l l o w s - m s - p  is- i- to  be f I t t e d  ira ’s-a

• t i - c - a  s y s t e m  w i t h o u t  in teg rs -c - s- t i s - s - c - a p r o b l e m s - c - a .  If su c h
repackaging appears ira n-ossible, the ss--’stem cars- be
dc- s- l i - s-ned t o  accept the subsysi-s-cs-c- .

- s- 3 . The e nv i ron s-n c -n t  of the  u s - s - n p  sys t en - s -  w i l l  t , c t  ad—
s- v e r s e l y  a f f e c t  the  p e r fo r m a n c e  of t h e  c u b s - p s - t e n - ..

s-

c- If ’ t h e  normal  s y s t s - e r n  envir or cace c-c-t i s  a i-s-- n- cs - i - len -, a
c on t r o l l e d  env l ror s -r s - en t  f o r  t h e  s-u i - c - s y st  es-s - wi l l  i - - c-
avaIla ble.
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14 . Conversely, the envlronmers -t generate-i by the sub-
system will have no adverse impact on the systems-c-
or other subsystems ; alternatively, the envirors-—
mental impact of the subsystem Is controllable by
appropriate packaging.

c. Subsystem design parameters are adequately specified.
In other words:

1. System design is- complete enough to specify the
subsystem , or

2. System will be designed around the characteristics
of the subsystem , or

3. Subsystem is part of a fama s-ily , whose characteris-
tics span the expected system requiremen-ts.

d. No subsystem alternatives are available that would
permit the system to be cost—effective in-  a min-imally
acceptable s-c-t of missions of the type for which the
system is envisioned.

3. Selecting Candidate Subsystems for Standardization

In paragraph A of this c h a p t e r , we have i n d i c a t e d  h o w

standardization might help overcome problems caused by unsatis—

factory subsystem performance or proliferation of subsystem

types. Without a quantified data base , we c o n c l u d e  t h s -t  stan-
dard ization of major subsystems should be p-raci-iced selectively.

- The guidelines for such selection follow.

To be a candidate for independent development an-d star s-—

dardization , a subsystem m u s t  s a t i s f y  t h e  f c - l l c c w i r - s -- conditions :

a. More than one potential using sp a - e m  ~i n ci s- - i i r . g  r e t r o —
fits) is Identifiable.

b. Subsystem technology is s-s-s-C s-s-s-s- c - a s - a s -
s- c- s-- s - s -s- s - i l  i r s -  i - s - as - ad .

a .  The p o t e n t i a l  marke t  is l a rge  enough . In s- s-s - t i - c - e r  wor d s:

1. The marke t  may be only  large  e n s - s -u g h  to c s - s - n -p o r t  a
single supplier for several yes-n ’s . In-dependent
development and standardization are then ap~ ropri—
a t e , on ly  if f u t u r e  s - c - r i c e r -  can  be ade- s-s--s-ate y pro-
tected by devices such  as a l o n g — erm ps-ricin-g
agreement .
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7 •  s - s - s - s - s - c -  pc i - c -n t  ial n s - c s -s - r ’ k e ts- s-s-ay is - c  - l a s - s - p s -  c-as-t s-ui-i , s- o s - u s  -—

i - r o n —  a s-s -s -s- or s-,a s- c -- - s- s- s - s u i -- r s- l i s -c - s - - c - s -  . In s -  i s - - i -  e n - d e s - s - i -  dc’s--el -s-s- i- —

m s - a c -nt  n -n i  s t a n d a c - - i i z s - c - c - s - s - t i  s- s-n may t i - s -s - e s - c -  be -
s-
-s - i -- s - s - n ’ --- p r - i s - i - s - s-

c- - n ’ c - - v l c m e d  t h a t  ss -s - a i t s- a L 2 s - e c a t  s - s - i -  a ( e . g . ,  f t - ca - c - -, ,  s - i t , and
is- u s - s - c s -  l a s - s - c -  s t a r s-- s-I s - s - n - s - s -i za t  i- c - a )  ar’ s-s -! s - i c - s - s - c - s - e l  i- s- cs- c - s - c - s - u s - - c
s - c - s - c -

s- c - i -  j s-nui s - r s -s- s- c c - i - c - c - i - s - - s - t t h  ic- c-a .

s - s - s -
i-

s-
s-c - p r o j e c t s - c - s - i  o s-c c-r a i l  benef’itc of ’  s - s - t s - i - as-iardi cats - crc -  s - a s - —

c s -s - e s - s - i -  I i - s -  s- s - i s a d v a n t s - i -s-n-s-s-

I . Wi -c-er-s-ever’ fe-a s s - i - s - ic-, t i-c-a ’ cos c-s- — h e c - c - s - s - i s- ’is -ar c s - I l - s - i s -  c s - s--as-s-Il
i s - s -- a c -j u d e  a - c s - s-s - m s - s - i -  ar s-ative (i- -at m s - s -s- s-c- c - c - s - c - s - c s - s - s - s s a r I  l y  s - c - s - c - s  -s- s - i -- : . —

l u t s - - ) l i f e  r a y s - a l e  c - c s - s n  ( L C C )  a c - s - a i y s i s  o f ’  s-s-i-s- s-s -c- c - s - n - s - c -s-s-s-~~

I s-c-c-s-i a c - s - - i -  n -s-n-st s- s-s- s-rc- s- s - i s - a n - s - i i  s-s-ed e qs - irs - s - s-a-nt , i r s - s - l u - a  i c - i f  Fs- ;s-:s-
s
-

a s - c - s - i -  I s -  c- s-s-i a n  i s - c s - .  The c ’ s - s -c  i c -
s-
s - s -  e s - s - s -- s - n c - c -  c o c -s - c c c - s -t n - - s - sn -  r

as - s -f ’ f i c i - r s - t l p  w e l l  s - is - s -s- f I s -
s-

s - s - s - s - I  s - o  c - s - s - c c - s - s - i t  cs- 
~~~~~

s - s - ’ c - ’~~~ - c - c -
of ’  c - o s - i -cs- s - s - n d  reas-s- s-t r s-a s- s-: c - r s - f is

-
gs-ur ’ c-s-a i - i s - a s-c- con-’ n ’ s - I .  s-a ,

other s- w--n - c - i -s , i f ’ c o n t r s - i c s - s - or ’  r e p s - i c - ’  is c s - - c --, t e m s - i- l a n - e d ,
f s- r: s - s - , i-h and f u n - c t  i o c - s -  a ’

s- a c - c - s - s - a n ’ s - i s - c a t  s- c s -c - c - s - a  a d s - s- - s - -s - s - s - s -s-s- s-a r a .

I f  s e c - - n - v s - i c e  s - - c - i - s - a i r -  is  c c - c - v i s s - s - es-s-’ cc- al s - i - c - t n - l i e s - i  c o n - f ’ s -  n-u-
s - a t  i - o r ,  c - s -:- c - s - t s -r o l i n-side t h e  cs- s- s - - s -  s - s - I s - s - i - s - J c -  i - s - s - c s - i s - i c  -I r-
s - c - s -

s- - c - - i c - -s - c - .

2 .  I f ’  s - h e  bOO cans -c-ct i - -c -  reliabi s- s- c - s t i r s - s - n i - c -i , s- s-
s-
s - cs - c-s - s - s - i - —

i s - e c - s - e f hs- s-s -ss-udy s- s - h r u i s - i -  -s - s - t i - - c - s - s - p s -  ‘s- u l a o s-- s -at Iec c- s-a
s - e v en - a l  y s-s-~- r s -s-s- i c - s - i - c s -  t h e  t h i - s -n s - r ’e  . I s -. cs- h -a s- i s - i  s-c-se s-i-s- es-

-c-a s-s- s c-
s- of n c -is- is - n- b - c- U i - s-  lrs -c-c -s-ro s-o es-nes -s-

s - t s - -s -u rn s--s- s - c - s- t i e s -  or ’ s-r a y
s- s- t i - n -~~ s-’ s - s - s  - c - - l l c a b l e  t ec hn - i c -s -u s - a  s-s-i s-c s- s-c i - s - ’ s - X i -s- s-s- i’s- a’ L s-Ihs-

Ti-s- c - s-s- as - n -i e n - s - n c - c -  conc c-i - t s-c - s - s- st b- s-c- ad -c - q s-- s - s- s-- i -  e l y  - s-ief’i n- s -c - i
ftc -s- n- a s - e s - s - n i  c -- s - c - f ’s-i ross-c-it

— 
3 ..  W c - s -e

s-s-
-r ’ s-- a c- o s - c - advan ’ as-p ic- c s - ic -no ’  i-s-- c- f s - c - s- s - a ns - s- s- i , s - i - s -c a d - o a r —

i- s-s-n~~
s- s- i - s - i - a s -c - s - a s-night cc- ob t a i n - e s -  i’n- s-c-s- c’

s-s- t h e  i- s - s - c -n -t i s - I  ci -
a ms--re at • n - a c t  i s-c  -se t- of c - s - r c - c u r e m e c - c - s -  i - s - s-s-~~~~ s- s - I c - s
s-c: s-s - s - s - s - l s - i  ic-- c c o n s - I s - c r -c s - c .  An exam s- le i s  t h e  c o n t i n u -
a s- ic- n of ’  c o r a r c - e t i t i o r c -  a f t er  s-i s - s - i - s - o s - s - s - e n s -  s - b c - s - c  i-c- s - p s - s - s -
i-s- i s-p s- c . To be s-c - s - s - i 1 d, i- s- la o anal ysis- s-s- s-ass - a s - c - ours - n - fc - n ’
i - c - s - s-c s - a s - s - i c - s - t e n s - n c - c  c - cc - s-ic - c c -s- -n - an - s-i i -h e  s-eq s- i r s - c -s-c- cs - s- s - fi gs -—
ras - s -s-c-  con ’ roi

c- l c - at e i - -’c-’ai- i s -c - - r s - s - s - s -i ll s-
s- s-ct be a a’s-

s- s- s- s-
s
os-’ r s- s- ct  s-a’ ms- s - .  I s - c -  Cs- i- c - Cc - ’

w s - s- s - r d s :

i .  The r - i u L s - ’v s i s - e n c -  c - s - i r s -  i-s-- c-a’ r e c - s - s - c o - c s - g e s -s- i c - - : i t s - s - s - c u ’  major
• i s - c - v e ] s -s - s - s - c-c- s - s - e r c -i- c - H a s - - i -, a s-l 

s-
~~~

s - s -
~~~

c - c - s -  i t  a s- s - I t s - s - s - i - a  i - i - c -c -
s -ps - i -c-n -wis- as- his- s-s-it  i c - s - s  -c-s- ’ s - - - ’s - i s - s - s - s - r ,  r a b I e s - s - c s -. if  r u s s - a
r e c - s - s - s - c k s - n - : n p  - i - s - r e s - r ’ s  i s - c -  c s - a s s -s

-
i

s-
I c- , t h e  system c a m s-,

be d e s i g ne d  s-
s-h 

‘ s -h -  s-s- i t  s- s-i - i  f s -’ics-u l p to ac - c s - p i- ‘
s-ic- -s-

s - u i - s y s t e m .
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2 .  s - s - s - i - c- e s - c -v i ronme c -- s-t of ’ s - h e  s- s-s-s- I c - s - p  s-c - p s - s - t e n s -  ws - i l c -s - s-s-c t ad-
v e r s e l y  ar ’f’ t s-- c t  t i - s - c - c -  p c-rn-’ s- s- s - c - - c - :s- s-s - c - a ce of t h e  s - s - i - s - s -s - s - n - e s - s - i.
i - f

, t h e  s-c-cs-’s- c- s - s-as- I spa-tern e - c - c - s - ; l c - - s - s -- n s -n e c - a t  is- a i - s - s - - a s - i - I  en-s -, a
c s - s - s - i - s - c - l i e d  e s - i v i n o n m e m s-’ for -  t i-cc-- s - u i - n - v s - s - c -  es-i w i l l  ‘s- cs-
a v - s- t i l s - ds- - l as - - .

3. s- ’ o r s - s- - c-s- c I - c a c - l s - s -  , t he  s - c - s - s - v i i ’ o r c - n s - e s - s -t s- cs - e m s - s -s-- r a t s -  s-i by s-s - c - s - c -  s u b  —

s y s t e r s- s - c s - l i  h a v e  no a d v e r s e  is -m pa -a s-s- on -‘h .- syst~c- s-s-s-
or o t h e r subsystems -s-c ; alter’ s-c-s-a’s- i v eiy  , i-ac - e s - c -s-c-- i n ’ s - s - s - c - ,—

s-s-s-c -r i - a l  Imps-cs-. of’ s - s - he s u b s y s t e m  is c - os - s-r . n - s - s - Us - s -i--ic-
by apprc- rs-s - r ia t e  c - s -s - s - s -s-akaging.

C. E N H A N C I N G  THE P R O B A B I L I T Y  THAT A SUBSYSTEM W I L L  BE USED

The f a c t  i - c - c - s -i- a s s - a b s y s - t e i - m s -  i - s - a s-s-c- bees -c- -s-i-es--’eic-r c-ci i- s - s -s - c s - l o s -  n - o s - c - ,

t i - s - c i t  it w i l l  p et  used ; h o w e v er , s cne  s t r a t e p i s -s-s - :  do c-xIst for-

improv lm c-s-c- i-he- likelihood ti - c - s -i- t he  s-i e v e l c p s - e d  s uh s y s t s - : n-s- w i l l  pc -c- s-

u s e d :

1. c-s-s - ac - s - s- s -s-s-s-c- i-he  use o f ’  ~he- s ub sy s t  on-i s - I s - n - c s - u n- ~ c- ic - c s - s - s n - c-c’s-
cons -a’ s- c-ct, or s - b c - -s-- s - a s - h r u l  i s - s - p s  of t i - s - c -  S e c r e t s - a n - p  of
D e c - e s -a s - s - s - c -  or t h e  . s- s-s-c ’r et a r :s-e s  s - s  -tc-ae i - s - s - c - l i t  s - c - -  a s - e r - v i c e s - .

2 . P e n s - s - u s - s - i c -  t i - s - o  p r ’ s- s-as- s - s - s- s-r -am s - a n - s - p e r, i - c - s- r- c - ugh  s - i - c -s-a c- s -ave r  s - s - s - e s - s -as- s
ar’e avai lable , t i - a s -- i i - s - s -s-s- s - s - h o u l - s -  s - r - c e p s -t t h e  s- i ts - -c- ’ e l o i - s - c - s - c -s-l

sub sys ’s- cc ’s- .

3. Pr o v i d e  c - c - s - s - n - s - c ’ s - i s - a i r s - s -’ e i - s - t is- c-c-’s-a’c- c t o  t h e  i - s - s - s -r i ms - s - a -s-con i-rac -tc-r-
to  use ti - a -c - s  - d e v e l o r s - e d  subs v s t - e c - s - ac -  ( o r  d i sm n - s-c-s-es-a n s -y e a s -  t O
-des - c - i  s-s-p a n c- s- -s -s -ubs - ys -t s- s- - r s - , )

- 14~ R e d u c e  t h e  l eve l  of s-y 5 t c - i s  -cs- i - s - s - i s - s -s- i- z at  i s -n  s-a r, s- ps - s-n f-s -r’ ns -an - ce
e xi - r es - :s - c - e s  ( de s l c- - c - s -  to  c - c s - c t ) .

5 .  n - s - n s - s -s- s- has i : e  n -A l - i , cI cc- ’~’ e l c s - s-s- -m e n i -  c s - a ’s- , an - a  it s -  r i s k  s- c - . c - a r
system ca p - c c - i f ’ s -  s- s - i - i s - n - .
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V . A P P L I C A T I O N  OF G U I D E L i N E S  TO POTENTIAL P R O C U R E M E N T S

b b s - T b :  T h i s  ci-c-aq t e n  s- s- I c - Sc r I b E s-n- s i t u a t  i - s - n - s  as
th us-; s-- s- s- s- - s - s - c p e rc e iv e s -s- i- b y  IDA at i-bc - tIme s - s - f ’
writing this report . Dc-s-ring t i - s-c - course  of ’
t h i s  r e sea rch  pr o s-’~ec t , SOs - s - s -c- cs-- f  t i - s -c - s - s - se  i - r c - o n - cs-c- rc-s- c
changed in s i n - r s - i f i c a r s - t  ways. li ’s -n - c e , t h e
facts as well as the conclusions - nc - la s - ir s -s- s - t o
s i - s - c - c s - f ’ s - c syst ems - s-cs- may is-c longer i- s -c  - c - e l e ’c- ’ cc - a t
Nevertheless we stress the purpose of th i s
c h a p t e r , w h i c h  is  to  i l lu s t ra t e  t h e  m e t h o d  of
us i ng t h e  p s-s-i s - s - i c - I s -s- a s-es and not to  p resen t  an-
assessr s-s-c-n-t cs- f’ these programs.

A .  S T A N D A R D I Z A T I O N  O F  I N E R T I A L  N A V I G A T I O N  S Y S T E M S  ( I N S )

1 . I n t r o d u c t i o n

The A e r o n a u t i c a l  s - s -p s i - ems  D i v i s i o n s -  (ASD/ R i ~~) at ~:r i s- r -i-s-ta —

P a t t e r s o n  AFE is c u r r e n t ly  s--s- c s - s - s -P lc - ag on- t h e  problem c-f s - t a r s - l a n d —
i zing  in e r t i a s -l n a v ig a t i o n  s y s t e m s . ASs-I is a s s is t e d  is- n t h i s

- 
endeavor by its contracts -or, A n - I s - s - C  R e s e a r c h  C o r p o r a t i o n - .

The Air  Force  is s t u d y i n g  t h e  us c-  of an “An-UP character-

istic ” for the INS procurement . Unlike a military sis-s - e c i f i c a —

t ion , an ART s -Ps -  c h a r a c t e r i s ti c  is evolved f rom f o r u m s  a t t e n d e d

by t he  users  and p roduce r s .  One of t he  s-s- s-cs-, s-i or objectives of such

a c h a r a c t e r i s t i c  Is to  open up t he  marke t  for  c o m p e t i t i o n , b y
making  it poss ib l e  ft -n -  any  p r o d u c e r  to  q u a l ify  his wares accord—

in-p  to  t h e  c h a r a c t e r i s t i c  and t h e c - ,  sc-li t hem to in-i-c-rested

p a r t i e s .  In t h e  case of t h e  Ai r  Force , t he  p u n -p o s e  i s  tc - e a t s - i - —
lIsh a specifIcatIon for an IllS that will be useful across a

van s-  e ty  of a i r c r a f t  t y p e s  fo r  an i r s - s - i c - f i n i t e  t ic - s - s- c -. To al las-- s-- s -‘s-he
designs to take advantage of technology advances -, the charac— 1:
t c -n i s ti c  e m p l o y s  an appnoach  knows-c- as “form , f’s-i t , f un i c t i  s - s - m s - ’ s-
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t l , s - s - t  is- , i t  si-
s-- c - c i t i es i-s- he i r s - s - s - a t , outs- c- s - s - c- , s - , x t e i - c -

s-
s- c-s-s -l s - i - s-- m e  ms-a

a r , - s- i ‘s - i - s - c -  - - c- vii’c-s-n -ms - ,ers -tal cs --n -ditions, t a t  it lea’s-ac -ca f s - i - s - c  - i s - a ’  cr- c- s- al
s-c -s - i - s - s - c s - s - s-n-c- of ’ e s - s - s - i ,  i-s-os-i-ale c - a r c - s p e c s -  i-~i u s - i - .

2 .  INS  M a r k e t

A n -I::’ i-c-as s-s - s - -rf ’s- s-s - r ’ s - s - c - c-d a c - s - s - s - s - - i s - s - -i- analyca’ s- f ’ s - c -’  i c - s - - a s -’ I - s - s - I c - s - s - i -

s- s -s- ’ O c - s -  as -p s ’s- ers - s - s  s - s - i c- s - s - i - s - s - c -  quart er-ly i - s - s - p s - s  -are is-s’s- c- s-i s - c - , n -u i - ’. I
ic- s-s-gus--c 2 i - s - s -s- —.s-:s - s-ver , does  n s - - t  i c - a c  lude  a l l  p o ss i bl e  b u s- ’ ,: t i - s - c -  ca’

s
- a l

I’ s-’A F s- s - c s -n - P e t  s - s - s - s - g b ’ s -  is- c - s - d ude b u y s  for  t h e  A — I C , ar - s-d c- s- s-a s- V s - s - n - s i c - s - a s -a c- f
n - i - c -c F—15 . The c- ac-s-bes-s- of ’ us-c - its pr o  s- -ured i-s- i-c-ru 1985 s- h e r s -  s - s - s - i  s- s - i - s -s- b ’ s -
as 1 s - i c i - s -  as i s - C O O .  ( D c - f ’. 11) . Whi le t i - s - i s -  in -  a large rs - s - a rk~s-s-i- f - a r-

r e a s - c - i s -s -- t  s- s -s-s - c - e m s - s - i -s-- s - - i -  is-s - s - s - s - s -as- i-s-c-s- s- st be s - s - c c -  L c - . t s - &  ac - s-ed . If o rbs-s- p c s - s - - as-

s-crc-don is  s - c - v - s - l i a b l e , i -hers -  c s - s - s - s - i - - e s - l i - i o n -  d i n - a c -s- i - s - e s - s - n - s  ar c-c-s-i c s - cc -m c - ci - c -n - - i i c ’ ’s -—
t i c s - a  b c - cc -s - ar c - c - c - s a rat i - s - s - c - r- l ii - s - , l te d cc s-s- a s - - s - p t , n - s - s - c - s-~- i v , s- s - m s - Y —c on s -i-s- aras-s-

s t a n d a rd s - c a t  s - s - -s-n. C s-r a e i- ic-’ s - s -b- I s- e s - s - a  c - s - s- s- s - s - a facing AI ’D/ Pt s- l  is r e f l e c s -  c-I I n s -
t Is-s-a fol ls -r s-s--jIrn-s-s-’ s- c isc - us - s - i cr .

A las--ge p - c - s - s - f  of t h e  c-- s- - c - s - r i - c - c -  s- s - s - c -  I s - s - f  i~~~~ s - n.  t i - s -c - c -  F— li  a i r - s - a n - s -f ’ s - c -

s-a c-c- o s - as -s-s- - a  i - i -
s-
p ps- as-s- - r c - ’ s - r s - a. T i-c-c s-s- s-SAF ‘ s-as s- ems i-

s-
n - ti -i- c -c c - s- a I i-f’s-s-ee for  t h e

c s - s - n - c - c -  Genes--s-al Dpr,cs - c s- i cs , have s - e k e- -
s-i t i-s- s- s- c - - fi i ragen-— i-lc s-ar f’c’- t

Ps-i-v is-Ion- a s-s- c -i - ac - s-r i r s-e r t  is - s - i sus-- Is- s - e r  fu r -  t h e  F — i l .  Ti-s-e -i c - s - c -s - s - r i -  i c - a l
s - a n - i t  is t h e  S i - n - s -_ 2 i 0 0 .  B c - c s-- c - s-c-se i-he F— Is-i i s-s-c- on a t i g h t  s-c-b c-dale,

it  w i l l  he - necessary t o  bus - , t i - c e  fs-’ r’st s-s -s- cs- lo t s  ( l s - a i -  I s - ,  3d  u s - s- it s ;

i r s - - f 2 , 112 s - a n - i t s )  i - c - s - c s - s -  S i m s-
s - g e s - ’’s-’Ke s-ia”o i -t , b e f c n - e  t h e i r  o a s - s - s - c -  cs - i -s- s - t o r s ,

- cs -as - m o d I f y and q u a l i f y a s u i t a b l e  u n i t .  T h i s  ms - s - e s -n - s i - i - a t  f i c - a g e s - —
i ’s - s - an - c - s - fo n t s-s-s- s-ay have s-as- oppor’t~umai t y to  benef it f r o m  a iea rn i c -c -s-s--’

c u rve , b c - f o r e  an- s- c - i - s - her sups -s - i i e r  cs - c - s  -get I c - a t- u n-rods -s - s - c t  ic-c - c - . Tb ’s--r e

is also a f’s-a r - s - s - h e r  i - s - s -n - ob ic - r s - s -  p e c u l i a r  t o  s-he l-’— l(  and i t s  c - c a i r -

n-s- c -s - nt. Because en-production was agreed to by  t h e  i - ’ i- ait ed States
f’ s-n i - i - ,e F — l b , N o r w a y  w i l l  be b u i l d i ng  7 O f ’  o f ’ i - h e e l e c t s-s-- u n - s -s- c- s

ac --c - i  a s s em h l i r s-s-g s-and testing 37 i - I . Only  one i - i - i - s - c ’ s -  s - m a  s - s - cc - s - s - s - ay i c - c -

c s - s - p c i - i c -  of g r i d s - a c i n g  s u c- i - s-  hia ’Ia—techno los-s-’y c - s - s - s - a s - p s - s - s - s -c--nt . T i c - i s  f i r m s - .

w i - l i  n s - t  f’ s-i - n d  i t  a d v a n ta g e o u s  t o  s-s-c-s - a r k  s - s - s - t b  t w o  r n - i c ’ s - c -  cc s- n t n s - c - —

t ar s , each of w i - s -s - i  
s -s -h  w i ll s- need o n - I s - ,’ Ic-n-if thc- volume c - - e q s - s - i s -’ s- s - - i  f cr

t h e  b — l 6 , since i t  e l i m i n a t e s  any c h a n c e  cs-f ac-hi s - s -s - i c - s - s-c e s - c - o n - c - m s - s - i c - c
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s-s - t a ’ s - c ’ , i - h ’ :

c - - s - n - n - I s -
s
-ic- f i - s - s - i s -,’ c - c 4 i s - h’ a1s - t s - a s - t i~~,

’ c - n - c - e u - n f ’ s - n  s - i - is- s - -  i - r’ ’d u c - s -’s - ’c - s ‘ 0 ‘ c - s - s - c - s - c -’

I s - s  - i - s - s - a d s -  s - s -1 s-ag an - s -I  - i s - s - i s -  f
’
s-s-i c - s -  a u r , i t

Pr’ s- c r i - s - o r  I s - i s
-
a ’ pr o ga s - s - carc - s -  i-,as-; been s - c - s-i’ s - a t. s - s-d b y  t i - s-c - s - c - Warner ’ —

Ps -I b i n s  A s - s -  Logisti c- ca C ’ s - n t  c - c - c -  by  ii  a - s - w ar s - c - of a s- - s- s-s - c - t r - a c - t  to  i- s- s -c -

De l co  E i s- c -a s - s- s-tro nis - c-s- D i - v l s i o n  or ’ D e n s - - c - - a l  I- i -o’ u m ’ s .  fs-s - s -s-, s - a c - c -  a c - c s - a ’ s - - s -s - c ’
could r e s ul t  i s - .  a s - u i  s - i s - s - s - Ill s - on dos - 1- in  i - s - c -  s - s -’s- s - s - to c-a t i - i s -  t r i € -  A s - n -

h o c - -c - c -’ s s-
’
— l ~~~~~1 , iPI s - — 1 3 5 , an-a (i—l3s-II s - i c - s - s-t a s - c - s - t i - .  i- h~~ 

(‘s-s-ro’s-csei Its -

( s -s-s-c- ve r ’s i -  c-c- c s -  t i - s - c -  Is - s - f n - o s - s - a  l s-s - s -  ing  us-ed t s -y  t i-s-s-s-’ c - u s - -s-s -c -s- s - s - r- c s-al cam- —
r ’i s - - i - ) ra 4 i - s - c --r r t c - s - s - c - r i  w i t h  ~~ls - s -’ sc -a n- is - c - - a i zc - ci (l s-s-s- t i - s-e A i r  Fc s - - c~~)

s - d c - c -  i s - s - i t  is-a i  c - o s - s - f  s - a c t  c a l l s  i ’ s-a ’ pro’ c’s - v a  c - s - c- , i r c - . s - ’ -
s - i s - Il ‘s - n -  , s- s -n - d

s-s- I s -  s - i - ,s - s -  i - e S ’  i s - a g  dua l  C ar o u s e l  s-tV sv ,;s-ems in one ‘_ 1 4 l  a i r - -s - r a f t .

It a l so  in-c-la b s - s  s - s - - p c - J s - s - r s-a c- s- t h e  i - r ’~~ s - s - s - c - -
~~~i s - s - r c -  of ’ a s -a l  sp s s - s - ’n - s- n- ,

i s - la s  s i- a r - c c - s  f ’ s - c - i s - ’  ts - i s - - 1- Itl its -ry Air- i s - s - i -  Comc - c - m r s - ans-i fles-a’~ of 2 75
I — i s -c - I s , as s--cell as ~- i - h ei- op s - c - i n - c - s - s  to r- ov s--J e sIn s- is-

s-e ~c s - n -  s- : 1

s - s -~~s tc i- ’ s - , s -for an a d s - l i t  s- s- an -a l  ‘
s-
’ 3 s -

s-s- 
:s- s- s - s - s- s-t  c - -’ s- c- A i r  C c- s- c -s -s - a c - s-d K C — l 3 n -

arc - kn - c-”: an - s- I  s- + her- s - i  t c - - s- a a c - s p o s - s - t c --a . T i - a c -  a r : c ’ s - a r s - s -’ i n - f l n - S c -  o f

t s - s - is- s c s - s - , t r a c ’ ‘ a ‘ o s - i s -- s - c -s -’ s - s - I c -  n s - i l l ’ ’ c - - s -,s- tn-s-s-s-us-sr o n - i - s  a’s- is- c - i - ,  s - u i - c’s--

c- c- c - c - c t  is- 1 accuras-e  s - s - a ’s-s - i - c at ion c - a s - s - I  s- I l i f y  t o  s a ti s f y  s- c- P r ,  re s- s-  s - i a - c- — c-
s - s -s - s - n -’s -s f ’ s- r i -i  i - i - s - h i -  i s - ,  cur s - t a -n - l ie - i - a i - s - - s - p c - s - c s -

s - a c - n - c s - a  s - h e  ;c - t lo i - s -r Ic -
O c e a n , a c a p s - s -b i l i t s - s -s- not  es-s-a’r - en -t  1- i- ros -s-sessed. If t h i s  p r s -s- s-

s- c - s -- s - s-s-

- a s- u s -s- s - e s- s - c l’ as-~~~s - ,  a las- ’ s- -’n- p c - s - r i -  of ’ I he ma r - Re - - ’ “- or i-a’s-’ ARIiIs - s - :C c-s-t - c - n - —
daa r’ci I l-I S w i l l  be sat  I s  s-’i e d .  l i e s - a c y en - , i t  s - s  o a r  u c - s - d s -s-- c-’ s ’ a n - d i n - a c -

ha t  t h e  D e l c o  s-as- s - t a  s-s-s-ill n s-eci-s- ti- s-c- co c ’s -s -s -e i - c s - a l  a i r - - s- s - c - - s - f t  s - P -

sp e cs - f ’’ c - s -ti - icr . ( P 0 .  561), sn- to t i - ,’a s-c-, e - x t e c -  ‘,, s -v  I c - a s ’s- - i - ac ‘ s-s- s -c - n - s -

i- s-s- s-is-’ i - s - i n - s - f  as- 
s 

- s-
c - s - a’ ] s-~s -be st s - ’s - s - c - s - a s - -s- s - ’s-s - i s - :s-c s-l. ~ I—s- i s-r e  s - s  s - s -c-c ’ s-’ p - e s - s i c ’ :  - - ‘ s - c -

‘ h a t  t i - s - s- ur i - ’ - c’ c-s-y s- s - I s o  i- cc-c- d es - s - s -Is-a— n e d t o  r e t  ‘is - c- ’ f’c s- ’ s- s - c~~ c ’ s - s - c - s - g

s-~s- lii- - i - I s - i -  s -c - - s - /  s - i -  
- f s - c - a t  s- - a , i- s - s - t  ‘h ’ s i s  s-s- c--i -  ‘ r s- ’ s-eel ded

b:, I “ i c -a  a s - s -s- s - c - c - ’  ‘ i - s - c- A i - J IJ C  s - s  -s-s-n ‘ s- n - rum prc s-c-c-s- s - s - -  i s - -  c s-- s - i r s- e d .

3. P r o g r ess

A s ’ s- a’.:,, s - s-r s -  s - s -  c - i s - as - ’’c c s - e r - s - -s-- s - , s - c  I c - as - s  -I c - c -  s- s- s-irs-i A’ s-s - s - c -  i - v  iFs - s - I - ,

i - i - s -’s- c - s- s - i - - c - s -s- € s - -~~ tc- cs- ‘ n i - u s -’ r y ,  am I ‘ s - s -~ s- c s- , s s ’ I a ’ i~~r , c - ’t lc- i n -  s c - v e r Y

f ’s-c-s -’ s - a r c - c -; at ’ es- s-b - i - s - /  c- - s - - s - - s - o s - s -s- f a~ ~~
‘c-’ea c-s-” i c - , -s - i s - r c c - r v  a r c - s - i  r s- - v C r s - s -m s - s - , - c - s -

,.. -. s- ._
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s- -
~ 

. . s -s -•- s-s- ‘*ew~,s- ‘_ s--cs- ‘ s- - s- s- - * - - ~~.. c-.. - 
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Tic-c-s- st rc - ac - c -  c-gy ls- e in s- s-  es-c- u s- oyed lay A SP/P s - - i  s - s -  I r I s- ‘ - s - s - - c ’’ i s - n - g ,  s-
s-
s-n-s-s -

it  may p r o v i d e  a u s e f u l  g a i d c - l s - is- r i s -s-; f u r ’  c - i - i - s - e s -  ct s - c - d a r d s -  s - c - a t. i n - s - ,
e f fo r t - s. The A i r  Force  is c s- s-a s - a i d e s - i s - s - i -  i c - c -a ’ i - i - s - u ’  s - s - , , “ s i - - l i t  i c - -s -vs ’

o f t i-ic- s t ands --a s - s - s - s - i c e d  s y s t e m s .  T i - s - c - se  are i - a c- s- s-c- is - ,Is- s - s - t  s - s - s- s- sr s - ’ c - s - -d

out  over  a s u b s t a n t i a l  per iod  a c - s-s-i are as-c-carde d p- s---rs- odis -c-a li s-s- s- s - s -i t  i-s-

f u l l  recognition cs-f t h e  venal -or ’ s p e r f o r -r a n- c -e  s - s - i - u r i s - s -s - - s-i-a c- i - r s - e c e - i i r s -s- s-

b u y s .  This  p r a c t i c e  c -an  g e n e r a t e  is-c-t -n - s- c -c- ac-s -i c o n - t i ’  s- n-p ’ cc - s - c - c -—

c--c-t ition rers - c- irs -s - s - c c - a s - i -  of t i - s - c- ;  c s - i - u s - c - t i c - a s -  in t h s - -  c- - c ’ s - c ’ s - c - a - s - s - a l  s - i s - - i s - n - e
s-

i 
c - qu in n - c - i - c - i -  m a r k e t .  it is u s - s - l i k e  t l s - e  s- a s- ca l  cs- i l l’s- s - s - c - s -  -‘ s - s  - p s - s - c - s - s - i -, of ’
the  large s ia s -g s -s-s-s-e b u y ,  w h I ch  may spe l l  i - i s - c c -  end of ’ a l l  c - c c ’ s -c-s - c - s - i ’  i s - c - ,

s-nd r e s u l t  irs -  t h e  comp le t s- e d e p e n d en c e  of t h e  g o v e s - ’ r s- s - s - s -s-c - c - c - t  -c-s- a. t i - s -s -c -

s-ole s u p p l i e r .  The ac - s - s - i - s - roach  a l r e a d y  Sees-c’S t o  be i-s- s- s - s - ic ’s-
s
- ’s - c - .  i s-s-c’ a c t

a s - s - c - c e  t h e  b i d  i - c - s - i c - e s  of p r o p o s e s -i- un i t s -  c s- cs -  c - s - s -s- - s - - s -urs -s-s-Vr s-~~~f C , U O D  i n -
compar i son  to  ~ ] C O , OOO in p r s - - v i o u s  A i r  Fs -s-

s-s - r s - ’c c -  L s - s - s - c ’ 5 -  
t ’

c-s-s-s-s- f’ II).

A careful si- s-dy i - s - c c -s b c - e n -  c ’ s - a s -ale t a t  A P I s- Ps - I  of t i - s-e a s-s-i c--’ac - ,t  arc- s
and dis cs-c-s-vs-ni -ages of ’ starc -dar di s-zatio rs-s-. is-ui - c’s- s-ocs-rletc- I s -s- I l ’

analysis has not prcs-’zen feasible , l a n - c c - i s - c -’ is-- c c - c ’s-u s e  s - d e s - u s - i - c -  c - s - a s-
a d a t a  i -a s -c-s- not i-cc-en available , ps -ri- ic-ul an -ly c-

c- or t h e  s- s - n e n - s-
t i o n -

and s-ca ls-ntenancc - p h a s e .  A RTs -I Cc- h a s  been  s-i-s- i s- es -s- s- o c s -s- a c - s - s -as -re  a c q u i s i s - —

tion costs for two di fc -s
- s-s- s - a s -s- s - n - fs- a l t e c - v at  ive , s - c -  s-s - s - c - s - s -i a l so  s-o c -c s - s - s - s - a te

i n - r a g s -— t e r m  w a r - s - ’ c a c - c - t y  c o s t s  f c c ’  s eve ra l  ais-c n -a s - - s -s-c- is- yea . s- :sinr t h e

r e l i a b i l i t y  mn - s-s-s - s - ’o v e m e s -s-s -t  s-a s-c-a n- i ’ s -n t is - ( R I W )  c - c s- - c - c s - c - s - a ’s - ,  i-s- i-s- s-c- h ave  bees - c-

able  t o  look ahead f’ s- ar t i - s - c e  to  f o u r  y e a r - s unde r  P1’s-C , fa - l iow e ci -

b s - s -
s- t h r e e  to  four  yea r s  under  a s-- ,s - a m r s - n t s - ’  f o l l o w — o n  o l s - i - i s - s - s - c -. S i r s -ce

f l e e t  i s -a s t a l i a l s -  s-is -on t a k e s  about  ts -ac s - n -  th r e e  s-s-ears , Is- h i s  s-s-s-c-Ids u s -

to e s-
i- s - s - c -i-

s- to eleven y e a r s - .  AR Ii -A s- l  i - s - ac ’  a lso dors -e  pa ra s - s -rc -s- c-aus- as--ic

analyses of p s-s- a ’s - c u r -e s - s - s - e n’. c - os - s-- t a  plus is-c- stall s-at it n c -os ’s- a ;  tIc - c-s - a , i t

s- s - s - c a  able i-c s - outi i - c - s - c - the conditions a~s - i d s -s- s - c - s- s - -c - Ic - s - c - h  s-s- a’s- s- l i t — b c -is- :

strateg s-s-’ wou ~d have economic  s - c s - v s - c - c -v a~~cs-s. It is  s - c - s - s - c ’  -n - s-as-s -’ ‘s - c
rote i-hat such c ’c-odel s t u d i e s  s-l i -I -i- s- i - - s - dc -n -ed s- s- s- i -y e u s e f c s- s - l  r u i s - ; s - a n - ce

“c - r  i-c- r s - c u r e m e n s-s- p o l i ci e s  and a c - t i c s - n - a, even t h o s -s-a r h  ti -~c- 11Cc- c-al—

c u l a ti o n  was not  realistic -ally po ssible.

A n s - s-~ her i s sue  t h a t  t, he A~~I P s - Ic -  standa rd s - s - c - a s - ic-n iris-os- s-cs-i-’: r a i s e s

is  t h e  cost  of providing u n u se d  c a p a b i li t y .  I f ’  t h e .- stand s-s-s-s-c- c - s - s - c’
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i rs-a cc ‘os - s - i - -., s-
s- i t  , s - c - .  I s-’s - c - s -  - s - i r s - c - ,  c - s - I - c - s - i  s - i s- -c- ’s- ’ i s - c -  rs - s-s - is- s- c - s - f l  s - s -s- - c- an

i s -s -’ s - s - i -  s - c ’ s - i  s - s - s -s -o s-’ j i c - c - - s -s -s-s - i - , s - l  o s - c - c -I s-, ’ s- ’ s-s- s - , s - Y s -  s - , s - c .  s- c-r s-s-s- s - x s-s-i s - s - s- ics- , ‘s-i-, c

C~~i s - s - s -  n - e s - i - s - i n - s - c -s s-s-s -sc - c - - s -Y al  a s - s - i -  la s -c-’ 
d r - i s - s- c ;  ‘ i s - -  is-

s-
— 1  c-

Ps-
s - 2  a, ’ ’

s- s-c-s - c - ’  : s - i I ’ c - i s - s -s-” s-as-,- r eq cii s-r’e s- i - cc- s-s- c- c- c -s-c s-’ s - s - c ’ s - .  s - c s - r i -  I c -n  on - a ss- s - i - e s-s-s-:t e

p o s Y  i o c - s - i r ,g s s - s -’s~~c-rs-. Since t i c - s - s  -s’ s- i s - i - s -
s-s - s - c -  U s - s - s - i - s - - i l l  i - s  -usc - c - i  is- a.

I 

a i i r ’ f ’ s- s - c - ’s-- c - c - i -  i- v s - c - -c- of s - I s - -s-s-c - s - a s - ”  , s - c - s - ’  s-il i -h r  ia s - i- us-s-
’s-s arc - s-a os -s - s - t m  u ’s- s

s - s - i l l  be used  s - s--s -each s -i - s - i- i s - c a t s - c r ,. Thus -  s - s - a s - i - ,  ‘ c - c - s - i s -  s-c-a’ s- a s - a ’ s - s - s-

s-i c - l i l t  j on -cs -I i s - c -’,’es :  c-sent and opec - - a t .  s-’ c - , g cc -s-c- s-s -s o vos - ”  s - ’c - i - s-s-c-
s-
~ i~ c-s- c- s-s- c - s

-c-

i - c -
s-
s - s - c-  i - i -  i s -’ I t  ‘ s-~~~~~ c- ta i lore d s- c- s- os - c - i , a ’ s - c -

- s - a s - v  c-
s - s - i -  c-c - .  Ts-s- - :c-

s - i - i s - i - l o s - s -cl ~ - c - 5 t  i - s - s- ay  be o s - i - s e’ b s -c -s- s’ s- v s - n - - c-: - i s - i c- s - _ C  
i m ’ c - c - .c-s-s- i c s - c - i2s-

a c - r s - s - Y c - s -- - n- s-c-c- i- s-, i r s - - s- s-s-,c s - i - .’s-s-s -s -’ and e s - s - s -c - s - s - c - ic - s -
c-

s- l s -s-, t € s -c-’ c - i - s -’s - a c - s- ’c-€ s- s-s-Y Is-” ’ i-’ . s - s - r s --s- t c - s - r

c-’s- n :: s-o c - s - c - s - c - s -o i vs -~ 
s- i - s -s - i s  s- c - s - c ’ s -i-s - flc’s -is t o  -s - s - c e c-c a. s - c c - d s - l cn -  ir s- c ’ ’ s- - c -  i - s - s - - a’

c- s- n - s- l i  c , - c i ’  ‘ i - s - s-s- S u b s - s - s -c- a s - te a s - i  t o  i - c -  t a is- c  s-’ i f o r ’  e s - s i - ,  s -s - s -m m I s - c - a t  l o s - s-

is- t i - s - c - s-u ~~i - s -  I s -s-,~~~— i c - s  - s - s - c - s - i t s .

4 .  ~~ ,~~~i c a t i o n  of  P r o p ose d G u id e l i n e s
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s- s-. Th ~ s - o~~cv ’ ~~~~~~~ “ s-
s- c - s - s - s- s- - s -  I s-: I - s-s-s- i- s-e s - n O c -a ’s- s - s - ,’

I s - s - s - s -
c- rs - :s-s- c-da’c- t ‘ is - p s -  i s- s-s -os -a l p I c c - - s - c -  e s-s-oug h to c a r s - i s -  c r c  -a

a ’ s - c -s - p I e  s u p p l i e r  :‘or s ev e r a l y e a r s .  I nd c- s- s-s-c e s -s- s- ’s- c-

s-s-I s-s- s-s-e l o s - s -s-s- : s - s - :t s - s - c s - a d  c s - a s - c s - Is-a s-s- ’ s- s-’iz a t c - i  cs-c a c - s - c t h e s -s- s- s - s - s - - c - s-c-’ - c ’ r c - c - 2ts - c - c 3

o s - c - l b  s-H’ “ c-c-s- i - u s - c-  p c ’ s - s - c - e s  s- s- s - s - s - s -  is-c- : Ie~~s - s - s-~ s - c - 7 c -~ c’ ro ’ c - c - t e d
s -s -s - s - s - c - s -- s- s-

s - S  S m - s - s-c- Ps-i a,’ a - ‘s-c-’— ’ ec - ’c -~ 
s- - s- c--s- s-s -s- -s- c-s- s - s - s- s - c - s -

~~~
ys- s

-

Comment

A i c - c - c - p — t e r m  c--s-n -tract, gus-s-c-c - s-s - te eing s-s- v s-s-s - b l a b s - I i’s- s-c- - s - f s-i-s-e

S K i - I —2~~Oo at a fixed p’s-ice , i s  s - s -c - c - s -s-i s -c r ’  c c a s - s i  c c - e s - s - s -s - i - I n - n - .  T hu s ,

t h i s  c ond i t i c s - c - s -s- i s b- -s-s-s- - s - cr  s - c - s -s -s - s - i - .

G u i d e l  m e

2.  The p o t e n t i a l  ~nar ~~e m n a p  be f l r p e  e n c u p bs- me s a c - a - u s - c - c -

c-c-s-s-o or r iles - c a s - a - r i C e s -s - a .  I n d e zs - c - c as-f c - s - s -f  i e- ~, s-c- c- s- r ’s - c- c-

s-is-.! s s-s- ’s-sr~ s - s -’~~ a t i s - c - s - c - s -  rs-n-s- t i c - e n  Ps -s -s-c’~~
s-

a - r c -  s- s- s-s-’ s c-c , s- c—
v ide d  t h o r  c s - s - i t a l i c  s t e r s  ( e .i -s - .  , j ’o.s - s - ” s -, s

-’ C a , -c -s-c - s - f

,t’ac-s -c t ion  s t a n d a r d i z a t i o n)  are s - -a s - s - s - s - c s -s- s-
c- 

a’-

s - c - O ’s - t l n u s  -s-c-p s-c- - 
s - c - p

~~~~ 
‘ t i c - n .

Comm e n t

The p o t e n t i a l  m a r k e t  here  is  I an -g e  enough  t o  as - c ’ s -  c-ri- i - s - s - cc -
or more supp]i ers e v e n -  a period of s-es - s-es - s-al s-c--ears; t,s-

s-
s-s - s-s-’eves-s-’ ,

t h e  t i r r s - m n - i - -’ of ti-s-ic - prc- ,s- cc ’s- ed buys is-  s u c h  i -h a s -s -c- c-s-c- s u p p l i e r
cou ld  cc-es-: a c-os-c-s-as-s-s-c-d s-s-s-c-s-s-i- posit ion irs - the s-s-c-arkos- ti-s-n-os-plc-

p r o d u c t s - o s - c -  expers -ence , well b c-i-cr c another s-c-s- :rs-s- p-iics-r cars-

c-stab ls -sh itself ’. On the other Ps-rid , a sc-c-ca-ad supplier .

by n-es-ac-karl— i; its l i - s - S  t o  meet  t he  A P I s - s - C  c i - c - a r a c ’ t e r i c ’ t i o,

could  he ac-c- s-i- s-c-s- p s-or ’ anl c- sou rce  of cc- ac-s-a - c - t i t i a n . C c n - s e ou e n t I y ,

t h e  c on d i t i o n s  of ’ t i - s - s - s cs-s - c - u i d e l i c - s -e arc- b c i s - s - s -s- s - s - c t .

G u i d e l i n e

s-C . The p r s - , e - s - t e d  overal l l - r ’v : e .~~~
’ t s - c  od s- s-a s - s - d a r d - i z a m i c c - -

tm~ exceed its d i s a s - 7 s - ’s - c - s -s- -s -i -ages :

57
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c - ,  ~
s
-s-s-~~~s - . c- c- c- - :

‘
s - s - s -

s-c - s-’! Z~ , a ; . - ~os -’ s  - — i s -  s - c - - s-it a c - s - a l ’4s -’ i s  s-s-s- s -s -s- s - I d

i s - s- s - i  s-c- c-’s -s- s-c- ‘ c- cs-s- cs- 
- ‘ c ( i s -  s-c- i- , s- s - s - s -—c- s- s- c-c- ~ s s - s - - -s - I ,  as- ,

a s - i s - s - c Is-c- c-s-- )  s-, s- s- i - s - i s - s  -s-s-o,’i - I s - ’s - )  a ’s-al~~s- ’ s-’ ,’ a ,’ ’ s - i - s -’s- s-I —
s-zs-s-~~~

’ z s -s - d  s-s-s-- s--s-d s - s - -m, sc -s- s - c -  cs - ’ CCc - s -e e s-s-c - u s -’ ’ ‘~c n c - , s-s
- c -  s- s-i’

s- i ts- s-s-
i- s-c-i s-’ s - c - s-d l_  ;s-’ st s - s - c -, s -, s-’i s - s - c -  s - s - s - s-s- s- s- ’ ‘ s - s - c -s- -s  s- s - ’ s-

s-s-s- i- “s - s - s - a - t

he s - s - a ,”:’’ ‘ “ c - c s -  l i- w e  l 7 Ic -  ,s-’s-’ vs- s-cd c c c - - ”  s-’ c- s- s-s -c -c-c ’s-c--c -s-’ ’s- s-s-s -—

c - s - o s - c -  0 !’ s- s-s - c ’  c - ’  z s - c - d c - - c - o s - c  -‘ c- ’c - d ’  s- s - s -  “ s- s - u s -’ s - s - s - c - s - c -  s-s-’c n t r o l , -in
o : s -s - c -  V c-s-s -s- s-s- c- I s- c- , ~~~~s-s -- c- s- s- c ’s - c -  ‘ s-

s -s-c- ’ s-s -s- s - s - c - -- ” - is -s -‘ o s - s - n - s - - s-—s - s  -s-s-c - t e l ,
:‘ s - s -

~~~~, 
‘ -‘ a , s - s -s-d ‘

s
-c-s- s- s-

~~~~~~~
c- o s -

- sc -s- s-c- Ca a- s- a s- c-s -crc -s- a-
B a t  ss - cs-vs-’ s- -c - c - e s- s - c - i c -  c- c c c - s - s - s - i a  s - s - c  s-

c-
, d e s - s-i s - c - .  I c-s-c s-s-

s - s - i s- s-c-
c- - S oc ,s- s- s- c - c -y ’s - i  I s - s - c - s - I c  t I s - s -’ s- s-s-s-~~~~as-s - s - s - s - L  i r s -  “ s - s-s -s -, s- s-s-’ C s - ’  s- s - c - s-~~ 

s-Ps-

Co in men t

A s- cs - s - s- c - s - le
s-s - c I s - i s -s-s-s- c c - c - o le c-oct as - s - s- s-I s - c - s i  s Is- cs- a ‘s- r - s - ’s-s-s-n-s- feasible.

l i-s-s - s - c - a , t he  coc -s-li t i c s - s - c  for  ‘s- i - s - s - c  a s-, - € r c - , a c - s -  I’s-ac c - ; s - c - i s -s-c - s -s-- I c - -s-c’ a s - s-e c- s -‘

sat s-s i - ic -

G u i d e l i n e

2 .  W i c - e s - s -s-s- L L 6 s  -s-
s-c- 

s- c - i s - s -s - u t  is - s  s - c - i s - c - i s - u  c - a - ’  ‘~ s - a c - e s -’ , s- s- s- s-s-c- s a s s - —

l e ’e f i i -  s-’s -c - s- c- s-s-n-s-os-PC a s-s- c- s- ‘s-s -a s -~~ 
s
-~~~ b o s-s - c - i -  s-s-s- s-’s-s t cc - er as -

s - - c - -~~s- ’a- i s - c - c - c s -  c-s-s- s - s -:‘: s - t u l ’ e , c - s - a - s -’ s - c - :  s - I s - -
s -‘ c c - c - c -s-

s-’ s - e l i c-iY~~~
’±s -s-

j - s - s - c - s - r s - s - s - c , cs - - s - e s - s -t s - c - c -
~~

s-
~~~

c - s - s- I
s- s- s- s - a -  c’s- - os - P er s-c- a-s- c- s - I ‘ cc- is-l e t~~~ c s - P —

s - s - s -  que as s-c-s-c- s-c - a c -  dos-’ ICC.  Ti s-e c - s - s-s-rs-
’ s- , s - s  -s -s-s -c - s -

~~~~c- s-s-c- s - s - s  -
, s

-

a - s - a s s  - I s - c -  cs - dc -  c-c- c-s-s -~~c-s - e  i c- c - ds- s -~~~ s- s - e d  j’or s-s-s - s - c - ac - s - C- c- ’c- c - ’ r cs c-s-

Comment

E x t s -s -s-c- s s-i-s- ’is-s-s - - s t s -s-c - s -i i  e s -c -  o f ’  c - s - a - I s - i - a c  -
‘ s-

I i t s - s  -s-c-s- c- s-- s - v s - - s - c -c - s - a s -s - s - s - c - s-r s- s - s - .’ s- es
(P It i  i - s - a s -

s
- c-c- b a - e s -  s-c-c-

s- s - c - -  ri -ais-s-s-’c -s -, , m rs- i s-c- is- ,’; i - ’  2 F 1 s - s - C  . C o a c s - r a c t o r
c-c-s-a l — i - c - as -an - ce , c-it i - s - e s - s  --s- i- de c -c -s-s - s - e s -c-s-c- s-

- I or - ( s  -s - c- s-i-s-s-e s-~~ l i - s - . s -  s-c- ’

‘s- he i c - c -t c - c - , s - n e - i s -  s- s - c -s- c-s -]s- ev ’l , i rs -  e n v i - s c - c -~~e d .  Ic - s  -‘ s - I s - c  c~~~cs-a of ri- s-s-s-s--

c-_ i c - i l , c r c - i s - s -s -one s-c-
s
- c- ‘s- s

- ’s - c - i - s -s-m - is s-- as - V i s a s -’s- s - s - s - i . lie s - s - - u l s - 1  be f’ s--s-c -c e

to  n o d s - C c - s  - i - I c - c -  I s - .  i s - v s - s - c - s- c - a l  as-i - s - c - s- les as i s - s-s- s-c- p as  s - i s -s- - i-on -a , “ it
ac - s - s - I  s-

c-
u s-i c-s-c- c- j s-s- s - a ’ a n - s - i - c - c - c - -  I za t  s-i- s-r i- n -c -m a ‘ m , s  s - m s-t a , at  . s - i -  i - s - c - s - o s - c -s-cr ,

t he  cons  - s -’ s - ic - i -  c-s-c- ’ s-
c-

s - s - c - i c ’ s - s - s - -s his - s -  s-o b c - s - i s- c - v s - a s - I  I’s- s-c - s - c s  -s-o s - c - i n c  Is - s - c -’
• eq s-s-cs-pc ’s-en s -- o a c s - a c -c- ic  a- c - c - i - i  c -u r s - i -  i c c - i , wl , erc -  he s-s-i r s-c- s - ac- s - r e

.4
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s- s
-

s
-

d e c - f -s - i - es to  s w i t c h  t c  organic s - s - s - c - s - c - i r s -’s- s - r r , a n c e .  Ti-s-is-is , t h i s

s - I s - s - t i c - l Ine is being f o l l o w s - s - c - s - c -.

Guidel m e

3. Where a s - c - c - st  ad v a s - s - s - i - c -c-c-j e cann ot be f o u n d , t h e  ad s a rc--

tags that mi g ht be o b t s - s - s - i s - s -s-c - s - - f  f r o m  th e  p o t e n t i a l  o f
a s -s -c -r e  a t t r a c t i v e  s e t  o f  p r o c u r e m e n t  p o l i c i e s  s h o u l d
be s c - c- s-’s-sidered . An es -s - s -s --s -p i e  is  a - he  c o n t i n u a t i o n  o f
s-’ o s -; s- s- s - s - t i a - i o n  s-s-s- s-

s
- c - e r  dep l oy s - c - s -c- s-s-t t h roug h sp li t b u y s .

To be v a l id , t h e  a n a l y s i s  a - c - s - s t  s - s - s - s - c - s --s -s - u s-i t f c r  i- h e
rs-s-a i ’s - t e n a n c e  s ons -s - c- s- t and i-he r e q u i r e d  c-s - ’s - s- s - f - s -’ c-7s - c ’c t i c s - s -

c o n t r o l .

Co mm e n t

A RTs - I C has performed a s - s - s -s- c - s - c -h r - c - -  s-
s - c -

’ as - s - -c -Ic - i  s t u d s - e s  of t h e  c - i - i - c - s- i -s
of such proc -u s - s - en - c - c - s -i- p s - a s - i a - i c ’s , as t i-c-e c- s -c-c - s - ti c - c -c - s - c -’ s - c c ’ s  -of a c - s- s-is-

buys af t e r  deploys-c-ent . Thu s , t i-c-s- s Is-s-ideline is be ing
i-allowed.

Gu ide l  m e

e.  In t e s - s -- r s t i o n  c c - i l l  s-s-o t b c-c-’ a s-c- -c-s- s- c- or p r o b s - s - e r c - z. Is -s -other s-s- -s- c ’ s-c :

1. T h e  s u b s y s t e r s -  c’s-c - c -c -  be c’cs- c- s - s - s - s k ag ed  wi t h o u t  “c- s-: s-s-’or
development efs-’ort , allow -i s - c -c-: it tc  ‘s-’ t i~~~c-s -o  t ;s-c

sac -si -em without is -c -teg rat-io c-s -p rob s -s -s - ”s -c . If cus-s-P

re as-c-s-ck ag ing  is not poss s-s- ls-s- ie , th c :  s c - s - s i -e s - as - a s - s  -Is- s-c-

des ig n e d  w i t h o u t  ds -’,” f i cu l t s - s -  to a c c e p t  the s s - s - is-s c-~s i - e~~.

Comment

System in t eg ra t i c s- r s  -problems are s-co be explored  I
s-s
-on-  t h e  As-s -s-c-’

Fo r ce , in c o n n e c t i o n  w i t h  i -he INS , under  i -he  s-s- c -x Is- s-c- i - c - a s -s - c -s- c s - f
the  cont ract  wi ts - h ARI NI s - . The re i s  the  possit s-i s- I i s -s- c -s -- cc-’ u s l c - c - p
several is-dc-i-crc-as- i- options w i t h i n  the same box , versus c-s-c-c-c
p o s s i b i li t y  of c- s- s-c-s - s - s - s - s -s - s c - r a n - s - i t e  b o x e s .  Moreover , s-he s - s - c - e s - f

f o r  a ve r t i ca l  c h a n n e l  Is pa rc -a s - ou rs -c-s -or, a fus-s-s- h’s- e r  p l ac - c - e  cr

-
c- - a cargo plane  w i t h  prec i s - ;i s -s-s- s - c - c - i r s - I c - - c -p  c a p a b i l i t y ,  h ut  i t  is

5 - c -
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s- c- s -ic -c - i s - I’Is -c- c- s- s- - s - s - s- on s - t i - c - e s - ’  s - s - l a s - c - s - s - s -is- , A l l  t i - s - c- cc s - c ’ s - a s -s-c-’s- s-s -s-s-s-us-s-c-. i-c-
s - s - s- s-colv , ac - c - s - s - i  c - s - i - s - e s -s-

s -are s
-

s-
o i -s -c -  s - c - I s - u r i s - e d. s - s - l i-

s-
c - s - - a -  c - s - s-’s - s c - v s --s - s - s--s-

s - c s - s - s - s - s -c-s -of’ Is--s- ts- e~~rs-c-s -Is -s -c - s- i s - c -  s-
c-

’ s - c u  s-tIes , i s - s  -s-s-I s- i c - s - I s -  c - c -s - - -  s - -s - s - a s -c- i c - c - I s - c - c - -—

‘
c--s- c - s-’s- s- s s-v s - i - h  t i - s - s -s- i - u c - c - c -s-ios-, s -s - - f’ s - I c - c -  T i - I s - , ar- c- s - s-ot c - x s -  s- s-s - - y t c - i .  I t

i s  s-
s-

s- s - u s - -  c- c- s-c-d c- s - c - s -.c - c- c- c tls-,cs- s- t t i - s - a -  p a - c - bl o c - c - a s -  c - s-a t ed c-s-bov e -
s-- s - i l l  i - c -

f a v o r a b l y  rc ’sc l v s - s - s -n i - ;  t h e r e f o r e P s- gu i -I c - l i n e  s - c beis -c-c-

f’ s- Is- s - s - s - c -c-

G u i d e l i n e

2 . r n s - c - c -  c-c -s - c -v ‘ c-s- s - c - c - s - s -s-c-s-s-t ~~~
s
-
s-’ 

~ s- s-c- s- i c - s - c - c - a - I c - s c - c s -  ~~~~ s-s -s-
s
-

a d v e r c - c - c ? s - s -  c- s-s- ’ s - s - s -s- c - c -- i - P c -  i - c - -er s- ’s-s- c- ” s- c - c - s -  ‘ s- ~~ i - c -s- c- -  s- ’
~~~~L c - s - c - t e s-s- .

I c - ’ i - s -c - c  s- s-
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s - s - s-
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5. Conc l u s i o n s

Sins -s-e s-s- li  i-c-s- s - c - ‘ s - c -  i c - i - e s - s - i- a - es  ‘s-r e b c - i c - s -, i-oils - s- s- s-c -c -s-i (s-’s - i t - Is- - 
i - s - c -s-c-

ossilc-Ie s -s - s - ’s- - c - c - i s - c - s -I s - o n  o f c - e .  s - . — — p c - s - c s - s -c - s - g i c - c - s -s-s- — s -s- c - ’c -h icc - s -s- s-s- s-s -c-s-e s - s -c -p

p c - i - c - i )  i -h e  ss- c - c r s - - i s - c - s - r s-c-s-i-s
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s-

s- c - - c -s--
c-
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B. STANDARD A I R B O R N E  COMPUTER

1 . In t ro d uc t i o n

The a v i c c - s - c - i  s-’s d i v i s i  ( s - c - c -  n -t Naval Ai r s-’ S’c-’stes-s-ti c - C- s - s - s- s - c - s- c - c - s - s - i -  ( N A’s-’ A T P

d e v el o p s  s - c - r s - d p a - s -cc- s- s-s - s - i c -s -s v a r i o u s  equips -s-s-ent  to  NA ’ c-’/.J F s - i ’ s- , ’ c-s-’cc- s- s-c-s- s - s - s--

n -p i e rs .  At  pres s-s-c-a-s-t , ic-s -s i -us - s -d ing  c - c s - s - c - c - es  es-s- i- ic -s-ely s
-
s- s
-c - s - s -s- s-c- s- r - c - ’ s -s - c - s -r at s -

ns-ar s-as-c-s -c-r s  . A c c o c - s - d is- np- l y ,  i t s  I s -n i t  i s - s - t s - t v e s  are  ccs- s - r i c ’ s - c - - a i s-ned c-s- c-  b e

brief arc-i very specific.

The director 01’ t he  avionics division is trying to c- hi - cs -i rs-

f u n d i n g  as a l in e  i - t e n s -  in t h e  ( .~~~~ bud get , to  he cal c-c- i A vi c - c - s - i cs

Components and Subsystems . If successful , ti-d c would c - s - c - c - o v i d e
hiss- with greater flexibIlity and ers-able i - s - is - c - c - t o  d e v e lop  a broader
range of e q u i p m e n t  for  st oc - s - d~~r-d u s e .

C u r r e n t l y ,  t h e  av ion ic s  d i v i s i o n  is d e v e l o p i ng  t h e  A /A ’I s-c-—l i -4
as a standard airborne ccs-rs -c-p s-s- s- s-s - e r  unde r  f u n d i ng  frcn c -  t h e  c -s - s - c-- c c-

s- ed

managers for the F—i8 and L ig h t  Ai rbcs -r -ne  f - :obu le  F l a t  i - crc - s -  C s - c -s -a - i - cc - c-
CLAi - . :Fs )  i-i-k I I I .  The dc ci  a - i o n  to  p

s- s-c- s-c’ s- s-Je s u c s - s  -fundirs-o was s-c- s-c-dc

by t h e  Commander ’ , Ls - Is - VAI R , support s - - r i  by t h e  A s s i s c - ac - - - s- ’s- c - I - c-cr -s -t a ry
of t h e  Navy  ( R & D ) .  The oven -c-s - i l i - a c -s-’y c-c-s-s-c-c- r’s-s-e t has b-c -er , n u n - v e n - y e d .  s-I

It is es t i r s - s -a ted  that-  6000 such  c a-s- cs-s - c-- s - s - t Es-s - n - s  w i l l  be r e qu i re s -  is - c-
1982.

- 
Under the present procur ’ec’s-enc- strategy, a s ing le  cc-n t  r o o t  s-n-

w i l l  pro s-- ide  the  i n i t i a l  E ng i n e e r i ng  model , a p r o d u c t s -  cs-c-rc- d a t a
package , and options i-cs- c’s- productior, cos--ies , ps-riced i - o s -  F’c - I — 7 7 .

Then , a second source will i-s-a-c- LPc-s-s-s-.en t i-c-e p r o d u c t  s- i- s- c- as- d a t a  a s - s - c - k s - g e
and w i l l  be r e q u i r e d  to b u i l d  t o  c-s-s-erforrs-ance ajs -s-eci c-

s
-ica t s- s - cns.

There  are now a b c s - I s -  20 d i f f e r e n t  c o m p u t e r s  in t i - c - c -  nc - c -s-s- a l  a s-s-i at  ic c - c -
i n v e n t o r y  of c o n t r a c t o r  f u n - i - c - I a - i - c - e d  e s-s-c- u s-i- p r n e n t s -  (i ’ s-n-c-’ ) h ey  ha n -- c -
different word lengths , d i f f e r e r s-’: langs- s-ages, d i f i - e r e r s -t s rar - cc-

p c -s - r - t s , and different rs-c-s-s-rintenance is-- e q s -s - s - is- r e m e n t s .  Thus intuitively ,

one c o n c l u d e s  t h a t  t he  s tars -is-c- i r d i z a t  ion w i l l  is-s - c b e n e f ’ i c s - c - r]s- i-n-cc ’s-
a cost point c - f  v i e w .  This conclus ion , however , is  t tc- s-c-c- en -ed b y

the  s - s - o s s i - b i l s - t t y  I s -ha t  c c - a c - p e t s - t i c s - c -  may be is-c-ited because of the

procurer s-es-s-t - s-s-c-s-
s-

- c - s - I s - i - i o n s .  The p r e s e n t  s o s - s - c i t a t i o n  fo r  i-s- i-s - c-s -c us-s-a-s-s- s-c- er

A
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calls s- cr ’ ar c -  c - c - s -s- - s - c - l a s -s-. i s - s - - c - s  -or’ t i - s - s -s- ‘i Y I-s -—20 sh ~~~ r i - s- s-s- s-c- s- i- c-s - c s - c ’ s - i  s-c-t c-s-s- as -so as
o have a m i s - c -  i c - c - c - a l  is- ’ s - c - c - a s - s -t c- c - e x i s t s - c - s -s- s-

s -s o c - c -  s--s- c - c - n - c - c -. i s - c s - s - c -s- c - c -, - s - - , t i - , e
c - 1 8  pris-s-s-c-s -c oc - s-cs- s-r ac c- s- s - o r  has i s - s -s- s- i l  c a ted  ts-Is-s-at t i - s-e c- os-c ’s -bi ns - is- I-s-s- s - c - s  -of’

requIred sos-s- c -u s- c - r e , i s - s - o k  of ’ f l oat s- i r s - ps- p c i  s- s - s- c- c s-s-pai-s-- i lic-y , ac- c-c -c- s-cry

c s - c -s- s - a c i t s - s -, and i - s - c - c - S c -  - ire c - c - si - s - s -s-s-’ c s-c-c- c- ability s-s- i l l  cs-c t be a - s - s - t i c —

s- ’a c t o s - - y  s-i r t i - s - c -- a i s - c -s-s-raft n a - - e d o .  In addition only cs- as--c -  company

as-c-s-s- c- lies arc-i suic-por ’s -c-c- t i - c - c  U i s- . c -O  . Lilt  Ps- s-s-s- n- s - s - s -s - c - s - c - -  a- es - c- c - cr y s -s - - c’  a c’s- s -s - c - n - c -

e s - i -c- ic- i s - c -’ s - c - i - r : s - s - cc h ine  l a s - c - g u n - p i e  is n e c e s sar y .  i-s- s - s - s -c t o  is - s - c - s -i ‘s - a t  s - ( s- c - -s - s

of t i - , c- c- coc-s- s-r s- s-c- t e s - s  - p h y s i c a l  enve lope  then - s - s  -is sc- c-c -s -c dc-u i -s-c- . i - i - -s- s- s-t ‘s- s- i-c- s--

c- s- c - s - J d s -  c-c - s - s -s- s - c - s - a l  c a r s -s - c - c - c i t y  c ars- b- c - in -c I c - s - d c -s- - s -s - i . i - s - c -s- r eover , tic -c p o t e n t  Is-al
for- u p s- s -n -a s- i  s - s - c -c- ’ I he corn s-s-ut c c - -  fo c - -  t s- r s-ch rs -s-cics- s- -c -s-s - a d v a n c e s  s u c h  as
“ c-l o s - s - P l c  d e n s i t y ” c ’s - s -s - s - rc - s - s -: s - c - -y c - s - c - i c -s- ties w o u l d  P s-c-- a - e s - s - c - c c -s - c - e l y  1 s- s -c - s - s - ted. Tb’s- s
a major reascn (ex s - s t i r s - i - s - c  -so f’c-s- s-- s - c -- r s-e s-c-c-id a - s -s - s - a - c -  - s-

s - s - i -  ) c-
s-s- cc-- a-s- s - c -c - s - c -s - l i - a - i r s -c-s-

t ha t  t he  new c oo.js-c-ut or a - i t s - s - u s - s - s - i -  ec - s - c - s - s - s - l s - s - s - te  ic- b c-c-- U ’c-i a1 -s-20 c ’ s - c -n- c ’ s - c - s- s -o i l s - i - i  s- s-
s-
- i - ,

2. A p p l i c a t i o n  of Proposed G u i d e l i n e s

G a ide 1 i n e

a.  c-s-s- s - c - s - c - -  t P s -c - s - s -  os - s-n-c- n -c c - -s- s- - c -s - i-s- i c - b  u s c ’ s-s-c-s -s- c - s - c - s - s- a c - y r s - s -
~ s-c -‘is - s -c- aI l s-n - c - s-c- s-c - c-

s- c - a - c —

;
‘

s-
’

s-s- s- c- s-, 
‘ c- c- i d c - s-c - s- i ;’: c-s- s - L  i s-s-.

C o m m e n t

T i c - i s  c o r s - d i t  i s - s - a s -  is i - s - - e i s - n { c - c -  s - c - c -c - c-c- • b e c a u s e  s- i - t  s-i -s- c-’ a s - c - s --: ads-s-’ p l a a s -rs -ed
- 

f or  t h e  F — ~~8 a r - i  i-s- s - i - i - s - c - PS s - s - i - I s -  I I I  to  u s c - -  t b~ cc- c’s - a -s-s-n-er ; as -s - s o ,

HAFs - - s - , as -c -s-i se ve rs -c -c -i o t h e r  s - s - s-ax , i s- s- c - n - p r o n c ’s - am s  i- c - s - c -‘s-c-c- i-s-- c s - - c - s  - i s - s-i - e as-t 
s- s-s - s -

cs -i

i s - s  - t i - c - c -  man - i - s-ct  s u r v e y .

G u i d e l  m e

i s - . s-Sts-dc-s-’ s - s - ’ s - c - c - c - c  ‘ c s -s-s-c- P s-s -c - o s - o n-— s-s-’ s - a -s -oc -c- s - c -c-
s-c - c  s-c- s-c- s-

s 
-s- c-c - l i  s - s -. ;s-s-s -- cc- s-l .

C o m m e n t

~~
s - h s -s-s- u se  of a rnc - s - tur ’e c -  I s -c - s -i t €c -chn s-c-loc -

s-s-y 
s- s- a c - i c- :s-:s-ls-s-ai- jug sol’t c- - s-a s- - e

is s-s-lana ie d. Thus , I s - I c - i s  s - s - is-i s- s-a s-’ s - i - n e  i s  b e l a -c -cs- i-c-
s- 
1 -n--s-c - e d .  i - i c - u —

c s-v on - , there i-s sons-c- s- s- c - u c - c - s - ; t i o r i  i-hat the n- s-s-- a - c - It is - , ; - o n - s c - p u t  er

will s- c-
s - s c -s-c- a- i s-s-s- s-is-s - c - t o n - n -  i-or t he  F~~~~is- S.

r s - 2

2.
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Gui del m e

c. The p o s-s-e s-s- tlal r - s - s - s - i - k s-s-c - t s-’ s I s - c a - g e  c - n u u g P .  I n otPer n-cs -c- s- c-I s :

1.  Th e  mar s - is - c t  a-s- as -s- E s - c  os - c - lc -j  l a - s- ’je c s-c-ough to  s u p p o r t  a

s - c - is - c -g e sc - c - pp ic-ier s-for cc -evera 1 years. Indep enai e s-c -t

d c -c -ve?orr c -cnt and standardizatIon cs-re then ap rro—

pr is-s -t e , or s-l y c- if  fu t u r e  s - c - a - la s - es cs- -s - a rc- Es -c  a d e q u a t e l y
p rot ec ted by devI ces such as a lon g—t c -s-s-rc--c- pr -i cin g

aqreement.

2. The p o t c s - ’s- ts - I aZ marke t may i s - c l a rge  en oug P to s up p Q c - t

two or more supp liers. Is-c-dep endent d e v el c s-rs - rc -ert

as -s -d s t a n d a r d i za t i o r s -  s -n ay t hen  be a p p r o p r c -i c - t c , cr 0-
v-ided that suitable steps (e.g., c-’or’c , fit , c-cs -c -i

function standardization) are p l a n s - s - c d  to i rs- sn - r c

cont is -c-uIs- :g c ’ompeti t” os -c - .

C o m m e n t

The market has beers - su~
s - c - ’

s-’c-~~
s
-c -s-s-i- s-nd found ls-c-s-r-ge enough (6000

computers by 1982 , or $l80—~c - ? c -4O mi llios -c-) to sc-s-c -s--po rt t w o

or more suppl is-s-rs. Staas-Jardis-s-atiorc -at the card level , an - s-ac-l

i -he  decis ior,  ~s-o “ s e c o n d — s o u r c e ” , may p rov ide  c o m p e t i t i o n ,
but the present solicitatis-n tends to heavily favor  only

- one contractor. This  gu ide l ine  s-s-c-an - no t  be f o l l o w e d  unde r

the  p resen t  s o l i c I t a t i o n .

G u i d e l i n e

s - I .  The  projected o v e r a l l  Is-s- s - s - c - f i t s  of standardization

exceed its disadvantages:

1. Wheneve r ~easihIe , thc - cost-benef i t cnaZ~~sic

should include a cos-’s-pas-zra tia-c (Is-ut not c-s-c-c s-s-s-s- .nsarily

an absolute) life ca ch e cost ([CC) s-c-n c - s - la - a - ic o s - s -
c
-

s t o - ~ s -s -I cs- r - I is e d  and nonstandardized equi p~~cnt s-’ c - c  l a s -s -—
log RAM and log i s ti cs. The rs-a i r s - t e n a -c-s- s-s-s - e  c o n e s -  pa -

a- s -a ct  be suffls - ’Ient lg well defis-s-ed to per r~c - it deter-

mination of costs and required cc- s - a r c - s - t i c - n
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c-s- c - _s-s  - ~~~~~~ - c-~~~~~~~~~~~~~~~~~~~~~~~~~~~ , s - s-, s-,_s- s - s-s - ,

s - o s - c -i- s - s -  c- 
u s -  o s - s -s- s - s - s - c -  s-s-s - s -s- s - c s -  s - c - ’ , ‘“ s - s -- s - s - n -a- : s - ~~ c -c-’ c-

s
- s-s -7 s - s-ir Is

on er ’s- i s - I s - c - s- s-i , “os-’ s - , ,
s - c - c -  , s - c - c -i ‘‘ s- s-c- ‘ a - ‘ o s- s -

s -s-c- s - s -s-c- js - s-
s 
-I s -s- s - s-c-  —

‘ oi c-
s-

c- ’ s - s - s -s- i t s - c -c-s-c - c c - i - s  -. T ’  a - s -s-c- c -s - s- i ’ s- c - s - c-I: ’ s - a - c- s-c- c’ s- ’ s-’(c-lgc-s-c-s-I ,

c- ic- t a i l  a- I ‘ s-n-’ ,’ s-
s-c - c - c - ’ s - t i  o s- c -s- s- s-c-s-s-c- c- ro 1 i s - s - c - ’  s-

c-’ c-is -s -s - c- s- s- s - c-
, - c - l r c - i -  s-c -

s-’s- /s-c- lc s-’ s s- s- c - - a - d c - s - c - / .

c - J s - c :’e L a ’s- n - c - s - c - s - s - ot ha - r e l - s-’ oL b y c -, ; a - - i c - s -s- a t c s - i , ~~~ c - s -
s -a

s - s -s - s - s - c - s-
s
- ’ s - a -  is-a- s-c- / s  - a - h s -s-a s-i a t t ~~t s - s -s -  a- a - c s - l o o k  a t  b e a s t

s e a ’er a l  c - e a r , ’ in to a - Is - s s-c-~~ure. It si s - o u d u s-s-s- the

s-s-s -O  ‘s - s -o.c- s- s - c - l s-~~s - c - /  i b i s - s - a -  s - c - a’ s - c - V  s-c-s - s-’s- ic-
s -z c - ’r ar , t i~~r s-

s-
c - V  (c- s-c- ’s-

o - c-s-h c-s-s-c-r as - c -  ‘
s-
’ 

‘ I is-e  a- s-s-a ~~ s- c - - is-s- s-c- c c-c-s-c- a a- s-
c - -  a - -  os-” s - c - c-’

’
. Ti r e

‘ c - s - c -’ ’ r c - s - s - c - n c s - s -  ‘o n s - s- c - a - c - s - c s - s -c - s-s- ’s -  i ic- s-s-i qs - s - s - f e Z~~ / c - - s - ’c-~~s- i  s-’s-s- s-”

a a- c-c-s-
s 

-s-s - c - s  -s-
’ 

i s -s-c- c- a - b  i n - s u b  i-

s - s - i c -c- c s - a - a s- s- s- c - a -  s - 2 s - ? Va s - s -t s - c - s-s- s- c - c -s - s - n o t  s - s - c -  :
‘
s - a n  

i , ~~~~ c- ic - s - cc - s - c - -

a - c -s- c - s -id , s - s - t  c-s - s-’ s- c - P t  / s -  cL s- t c s -l n~~~s-I 
s
-
’a s - c - rs- t s -  cc-’ tc- s-c-s- ’ ‘ c - i  Cs- ”

a c -c - c - c - s -s -s-c e 
~ s-s - c  -s -s - c -  I c - c- c c - e s -  a rra s - :c - c - c - ’- s-es-s- s-s-s-t a c - l i  n-

s-
s-n-’

s-’ 7 s-oald b e c o s - . s i dc r  c- s-i- s-s-s -c- s-’ s-o~~l~ is a - P s -c- s - a s - :’ c-s-:c- s - c - —

a s-
s-

o s - s  -0 ’ s - s - n -s - c  - c - ’  s - s-~~ t i c s -c -- 
- ‘ c- c c - c -  s-s- r s- s - s

-
s
-

s- ‘n-s -- ‘ r s-c- is- a - s  -is-

s-
c - s - c - n - s- . To Es-- c -  c-’s-s-i ,~~c- , i - I ce s-a- c - ’c - a7 s -s-s -s - c - s-

’
s-’ ‘n-s- s-s-c-c- c-c-zc - s- ’’s- s--c- ’s -s - s-s-

a - is - C  ‘ s - ’ c - s -
’

- s - t -  c - s - c -  ‘a ‘s- - n c - c-’ s - s - s- a -  s - cs - c - i  i - P c -  c - s - c q u c -~ e s - s-? s - s - o s - s - f ig a , r a —

a- ( s - s -  s-s-’’c-~~~~ fn-’ - s - s - s - ,

C o m m e n t

The C O S ’ — b e s - c -~~s-’it E c - a - a - e s s s - , s - e n ’s- h as c - c - c - c - c -  o s - c - s - v  i r s -’s - u i  t i c -s-c- her s - c - ,

i-s-c - a t  i - c -  s - ic - ‘s-s- s - i c - c -  n - c - c - c-c-c-, s - c - - s - i - i - n -s -
s
- 1 i - ,~~

c- us - c - s - c - o s - s -  1 - - e s - i  i-s- I T  I t y  as-c - s - c -s- s-s-,r’ ’-c- n c- c-

‘s-s-;-s - r s - ’ s -s - r s -’s - y  is c - o r . ’ cc-c-s - ; is-s-ic - c d .  Ii -  ‘s-- s - c - - c -s-c-cc -’ t i - s -c c - - s - s - c s - b l es-s-s- s -c -i - ’ a a - c s - c c s -r, s-l

c - c s - s - c - c - - c e  a s -s - s - c - s -I s - o s -’ i c - c  - c s -cs - ’ s-’esoIc-s- s-c-s-d . Ts- i - c -u a -  i - i - s -s - I a -  p i c a s - d c - i s - c - c - e  c-c-s- c -s - s-s-

as- cs -c - bcs- F o l i o s -c-s-s - c- a .

G u i d e ]  m e

c-c-. .  [ c - s - a - c - c - s  -s- c - c - c -s- s-
s-
o s--s -s-,’” c - c -. s-s- o s-c- Is-c-e a s-s-c -a ’ s- r s - s - c  I I s -  s- c - s-s- c -c - o ’~ s - c - s -c’ s

-s- s-c-
s- -i’:

1 ,  i’s- s- c s-c - c-c- i c - s - c - s t  c-n s- s - o s - s  -I s-c - c- s -c-c-s- a c - s - -s-n - es-i c- . s- s
-
’ 

a-s -s-c-c -u a s-s -s- s-
s 
-or

(c-es - ’ e I c -c - s-s- c- c - s -
s -C ”;’ - a - i -  , a b l o c - ,’ is - s- c - I a- to -a ’ a- i ’ s- a- cc-’ a - s - s -

c - s - s - c -, ’ t c-s--” c -s-s-c- s- t i c - c s-c- ts -s- ‘ s -s - c  -cc- a - s  -os-c- 1’ 2 s-c- “s - c - s  -. I .“ ,cc- s - c - s-’ c-c-

r c- s -- i-s-s - vJ ’n ( :  
~

s-- r s - i  e a r - c- c- s- s - s - s - s  -,‘c-’ c- ’ i b s -  b e , i - P c -  a- s - - a - a -  c- s-c-c- s - c - a -  /s-s-

I s -c - ,  ‘ ‘ s - s - cj  s-s- ’’ c-Poic - a- s - I s-
’ s

-
’” ’  ‘ s - c - I s - a -  c - c s -  c - s - s- -c c - c- a- c - P s -  c - c - c -s -s-c - a - a - s - s -s-s-. .
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c-c-:c-s- s- s- s-ac-~~~,

-
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2 .  TI c- s-s- s -a-s- s-c-) is-s- -s- c- ,s- ’- s - c- c - s -s- a- ~ f  t I c - c s-c-c-s-c - c-c - Sc - c - s-c- i- a-a-c -Wa l b  not ad—

v e r s s -s-s- b c - c- cc - s- s-
~~~ c - s - s - i- a - h a -  s - s - e c s -.’ c s - c- ’ r s - s - s -’ c - s- s- s- c- s- o s -’ the s’s - c - L s s -s - s to ’ s-s- .

I f ’ t i r e  s - s - o r m a  
s-s - s - s - c - c - c - s - c -t ers - c- e s - s - v i r c s -rs-mc- cs- t is a ; c - ro b  la-n, a

a - o s - c - a - c - s -c-s - l i e d  n-s-v s-’ r - s- c-s-c -s -’s-e s - s - t  f o r  t i r e  s s - d s y s a - e c -rs- c- w i l Z  L €c-

s-s- c-s-s - a l  Is -c-I I s- a ’ .

3. Conv ec - rs- s-s-c - e ? y ,  tds-e e n v i r o n m e n t  g e n e r a t e d  i-s- s -s  - tire s u/ s -c- —

c- c - c - c - s t c - r s -  s - a - i ll have no adverse is- s-c-c-s- ac - s- a t  on the syster’s-

oc’ o t c - P c s-r s u i c - s a s t c s - n s ;  a l t e r n a t i v e l y ,  t h e  cn v i ro s - c - -
mental impac t of s-a - he  s u b s s - ,s- as-t em is c-’cs -n troll als -s-le Lc -~

cs -pp c ’c s - s-c - s- i a t a -  p a c k c z g in q .

C o m m e n t

The  c o n di t I c s -n s  for this guideline do not seem cc b c - a  c-c-s- a-s-t at
leas t for  t h e  F— 18 , w h i c h  is c u r r e n t l y  t he  p r i ma r y  use r
system. Thi s- s stems In-os-s-c- the use c - F  s- i- s- ne f fc - i c i e n t  so f” s-was-’a-s-

and space limitations i s -
s-

c- the computer box. This problem

s - s - s - s -s-c- c - c -s - a -  he cor rec ted  b e f o r e  t i-s-e c o r d s - t i c - s - c -s of t h i s  guidelIne

can be cons idered  to  be me t .

O v e r a l l  C o m m e n t

A l t h o u g h  s t as - , i a r d i : a ti s -s-s- s -n of an a i r b o r n e  c - o s - c - p s - c - t ea -  s - c -s- , c-s - s - s -i s - t i v ei v

- 
a - c c - c - as - s  d e s i r a b l e , t h i s  p a r t i c u l a r  s t a n d a r d ia - a t i on  program

seer s - s - c - c -  to i- c - ave some problems created by t i - s -c- d e t a i l s  of t h e
solicitation. In its presers-t state it does not follow the

guideline that assures control of costs th rou s- c - i - s - cc-s -s-p etition

or pricing strategy , a - s -he  i-s-’ u idel l r c -e  t h a t  assures i r c - t e p i r a t i r n

w i t h  the  u s in c  sys-t e s-s-c -, and t h e  c o s t — b e n e f i t  s-p’s-s-i d e l ine .
Until these issues are re-solved this standards-s- a - a s - s - ic - n pro-

gram does not aprs-ear to be ,c- u a t i fiec -i .

C . N A V A I R  P R O P O S A L  FOR A N E W  T U R B O S H A F T  E N G I N E

The Office of Propulsion , Pava l A s - c - ’ Systems Command (i - i -A c -s- c -A l P s - ) ,

Is-s cons ider in s-c- c- the c- c c -s-s- eloprc - s-en c -s - s - of c-c- rs-ew fc-urbcshaft er s-s-~~i r s - r -  ‘s--
s
- -V h

a power rat ing of 2200  horsepower . One p c - t e n t s - a l  u se r  sn- s i - c- s -c - c-s-
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~s i s - s- s- r s - c -” n - , e e t ’ s - s -  c- ’ s - s - s -s - c - c - d o s -c - c - s -s-c- c - s - ’s -, i - s - s - s - s -  c c - c s - c  s-s- r .  a - s - i’ s- s - c - c - s - s - c c - - i  -2 ’s-- ’;c - s- s - l o s - c - s - s- s - - s - s -c-s-

as - c - s - i  o s - c - c  i c - c -  i s - s - c -  s- 
i

s-
s - s -  C c - s - c - C ’’ c- ‘ c-a l  c-s- c- 

c - s - p ’ c -s- s-- . In c-I s-s-i - s - i s - c -  i c-n , c- - i - s - i s -  c - c - s- - i s- - ar’ s- s-s - t s - : o

u o a ; s i b i l s - i c-c- is- os t a- s- c - c - c- s - c - c - f i t ,  s - c - i - s-
s- s- s - ’ ’ s - s- ’ oc - s-

’ c -
s- s - c - h i s - c  -i-

s - c  - s - s  -s- 
s- - c - c - e d  i - C - a - e s - s -c s - a —

c- - s -c- s - c - c-t ‘ a s - s  -in-s -c s - i t s - - s- c- - s- s-c - c -s - i  ‘cc - s - i  as a ’s - ’  i s-er c-s-p r - l a -  d s -s- c - v e i r -r rc-, c - -c - ar s - s- - s - s  -i s - s - d e c - -s- s- - c , —

s - i - s - s - s - c -c- s -s-s- I s - ”s-s - e l c p s - s-s-s-ars -t . T h i s -—  i - c - s - ’ s -  c - s - i c c - s - s - s  a s - .  c - s - c - - i - s - O r’ u n i t y  t o  es- ’s-s- c - c - s - s - s - a s -c s - s - c-s-

c -s -s - r ’o c -  s- s- s-’ s- - s- c- c leve lc - i- s- - s - s-s- cs- s-s-t us- s- i c - -c-’ t ics - sc -  s - c - l a t e  set s-a of s - - s - s-s-c-s-
c- s - s - s -s- s-s - l i p s -s- s-c- s-s- .

1 .  P o t e n t i a l  U s e r s  of  a New E n g i n e

Thc-s-c- A s - c - c - n y  c- S s-
s- c- s-

s- s - c - c - e s - s -  ac - n -  a-s -c-a bc - c -i s- i a - c - s - c - s -s- s - c c - ’  ks - s- r -s - s- e s - c  as-c -c bs -c  i-, ’ s - I s - i t s - ;

T a c t  s - c a l  Tcs-a rc -sp cc--t A a - c c - c - a f ’c-- i - in -S t  c - s - c -
s-c- (c- TTAi -7 ) c - s - s - c --s- s-i ‘c - n A s -d s-s- s - a - s - s -s- ees -s- i-

A c - ts - c - c - k Hel icur a - s - -c -- ( b c - A l ] ) .  The ~~m T\ ’  ic-s-s- s - s  c s - a c --s - s e - s-i t i - c - r - c s -s-c - s - s-i-s - the
rs- s-s- a--s-Fs-n-i s- i c-c-es -icc’ s-, - n-i ‘s-wc s- c c - n t l s - a c t c c - s - ’s-s-s- a c - c -  c s - s - s - a - a  clas-p ; s-7 s-s - c - -  ‘s-he
e c - s - c -s- i c - c - e e s - ’ i s - n s - ’c  -- s - i eve ’lo -c- s- s- s-s-s-ers-t cor ,t  a-a-s- t . c-s-c - i -s-

c- A / c -s- i - i -  i- s- c-- s- s - s  r c - a - a - s r -s - s -
- 

i-s- c - -  P- c-s-c - c - c - i t s-

I n-c’; i s- c c’s- a c - , s-s - i  is schcs-dule-s - i - fcc-i c b s -s-
- PA/i -Pc i -  IT  c-s-i-s- c s- c r  I a - .  ‘iis-:cs- c c -- c , —

~ c - a c - s - c- s- s -a c- c- a i s - c -c- s- c c s - s - s - r s - e t i r s -s- p’ fcc- a- t i - s-c-s- c A s - A c - i .  .
s-- c  a - i - .  of t i - n - a - c -  a s - c - c -s- s

- t - c - c -
s
-
’ s

-

s - c -re i - s -c - - s- s- s- - s-
- s -n - s -- e s - i  is-c- ’,’ a c - os - ca - s - s - c-ri e n g i s - a s - — , a i- s - ro t ot s - s -- c - - s -c - of  t i - s - c -  ~~

s
- —

~~~~~O0 c s - i - s - s - s - c -s-s- s-

s-i s  a c -u r n - e s - a t  t s - a c h s - s -,o ls - s -s - s - s  -s-
s-c-s-

s- ‘ic-s-e s - - a - t e d  at 1 — 3 1  i
s-

c - c - s  -c-c - s - s - s - O p  s- c-c-er ( P c - s - f ’. 12) .
c-s-s

- c - s - c -  1— 7 0 0  is is- ac- its final s-s-c-ualjfics - s - t ic -s- ac- t s-- s-s-s - t s - i r ,rc-c- , s - a - c - s-~~ c - s -- s -
s- s
-c -tot s-s - c-c -os-c-

ot’ t i -c -c -c - c-- s - s - s -s-
s - i s - c -cc- s-cs -n- s -‘i i s - e a d s - s -s- b ci a-ic - cs- c-; c-

s-s-r’ac-: s-s-n-c- 
( s - c - a- i - s - c - s  -U s- ;TAA a s - s-c-s-i As -T i-

~~s-c -s - a - rs - s - ;  c-c- r’c t o t  c- c-c- c- a- c-c- s -s- i - c - - c  c - s - a  a-c-f ,

The’ i s- i - a s - c -y i s  c - s - I c-s- s-
c-rc- is- s - c - p i t o d e v c c - J -s- -c c-s-s -i-s- s--s- i - s-

-s-h ’ i s - r i - c - s - n - s - c  P s - P  s - b
P i ca  a-s-r s-

s-- s - c - c - s- s-n- s--s- t eas- (Ic -Ai - s -iPf c -) . T i - c -c- i - A c - s - s  -
s - c  

-c- s- i - s-
c- c - c - b  i - s - s  bc - s - c- - s - c -  t i - s - r o u gh  t i - s-o

- 
p c - s - s - s - p c  I rev ic - s - s - ,- s-s-- n -

s-
I is c - i c - a - c -  to  P - f / s - PC  I I , cs- : s -  s - c - Id  u s c - s- t i c - c- a - a - s - s -

s-
s- s-

a s-irFr ’c -c - s - ’s-e as c - i c-
c- of ’ ‘ i - c - s - s  -PT TA A ;  c-~~ s-c- a- e s - s - p - e d - s- c - i  a - i s- ’s- at  s-

c - c-s - - ’  s - i c - c -

f ’ s - s- c- - i -  i s - s -s- c - a - s  of’ s - c -c-s - c - s - s - c- s-c- cs-s- o u l s - c -  s-s-s - c -  c - s - s - s - s- r - c - c -s-
s
-c- s - c -  c-s-s- y  c- i - n -  2—700 en a - c - i c -,e .

l b s - s - c - s -c- i s - ’  a- i - s -s-s - s - I s - It s - c- s- c- s- s-
s-

s- c- s- s- c-s- c-s- i - a l  hc - E ’i a - c s- -p t~~c- ’ s - ae
s-
s-

s
- c- s- a s - s-s-s-i- c-’s- c-s --s- c , i - i - s -c-

: c - : a r s - s - c -c- - -s-s - or -rc -a - H s -~~
I s-s- , c - i c - c - i c - h  i c - c- s-c-s s - s - s- s- s - s - s  - i s - - s - - s-c- a I s - s - s - c - / s - k s -c- I a- s-c-a- s-i- c c-: s-c - c- c- ’ 

. T i - ’ ’

c-s- c - c - s r - c - s - a -  s-s-o s - c - c c - p - a -  c -I ’  ‘ s - c- s- f - f - . s-s- s- a- a- ha-s-c-s -i’ w i - U  s - c - s e  t h e  sa c - s - c -’ a s - c - s-:’ s- - s - a- s- c - ,c-c-s--

as t h a t  of’ t h e  L/ a i - - k s-t s  -, b oa-c s i s - s - c -,c-e i-s- a- Is s- i- i - c - e s - V  Is-o i - s- b c - a s-s-’ s - e r  t i - c - c - s -c-~

t he  L A ; s - :Ps - s - i s -- , t i - s -c- c- c - s - s - s -- s - s - s-i c-s-ay r a c e s - a  ms- o r e -  i-s- cs -cs -s - e s - ’

2. Need for a Ne w E n s-~jc- i n e

The pro Ps -ic - a c- w i - c -  i - s -t i-s-e T — 7 0 0  c-s-s-s- c s - n c - c -, c c - a - c o r ’ c - i s - s-ip i  o s-
s - i -

-
c ic -

s-PP /-s - I F

Office r-f’ P r c s - c -s- s - u l s  i - O s - , Ia -  I s - h a - Is- it  c-s-s-ic- v i- s- u s - c -d c - a - c -  s-c-se c- c - a - s - s -s-i f o r  i t s

a s -

Ps-”

~~~~~~,
-:_

s- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

c-
s-



s- -s-c - — -_c-~~~~~~~~~~~~~~~~~~~~~
c - - s -

~~~~~~~~~-s-~~~~~~~~~~~~~~~ -- -,~~~~~~~~~~~~~~~~~~~~~~~~~~ s- - - - -~~~~~~-~~~~~~s- - c -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  —s-~~~~~~

proposed u s--c-c--s s - c - s -s-c- i - e r ’  some c- s -p s -s-j c-s- Is -j o p s s -, because i-s-i-c- c en~~is- c -u e  s r s- s - s- s-r—

fo rmance  dc-s-~ c-- ad es (as s- i r s -  a ll  t u r b i r c -e e r i g i r s - a s -’s)  w i t h  i r s - s - s - s - ’ s - s - a s -c-inc-

tc-s- c-peraturs-s-s -and a l t it u d e .  s-
s- c- a stars -dc-s-rd b c - Is -  da  ( 9 5

0 
F , A0 00 ft

altitude), for  e x c - c - s - c - c - s - - l e  , t i -c - c s -  s- s-- s - s - s - c - i s-
s
-c- ca-as - pros - s-u s-c- c- O f l b i - s -c- 1113 s-s-p

Cons-c-i d e ri s - s -~-- t he c-c-lann ed s - s - d O S S  W ei s- s-in - 0:s-’ t i-s-e as -s- s - c - c r a f t , t i - i a -  is
b ’ s - s - ely c-s-c-s-s-os-ugh power to s-’s- c-c-s- i s - s - c- am level fUr-ha- cc-s-ith one cr c -ps - a - c -c -
out . Thus , t h e  c - J A c -s- c - A I R  Or f i c e  of i- c- r’ s - s - s - c - s - u l a - i o r s  -i-s-ac -c -ex c - s - s - ’esse d  cc-a - s-c-en -n

that the UTTAS and s-a- s-AP , s - f c - s - s -s -s- -c s- i o c - -s- -d i-s-- n - i-he present T—700 c-s-c-gin c-,
w i l l  have o n l y  s- s - s-c - cr ’s - s-i s-s-a l c - a - s- c- s- ’ s-s - b i i i t i e s .  This -s  - is c - s p e c s -s- a b l y  t a - - s- c -c-
of t h e A Ai - i , w h i c h  is s - r d  Ended to P c -  c s - c - s - c - r a t e d  in ‘s-i- s-c s-c- c-s-p of t i - s-es-

ear th , * where a rc -n -  s u d s - i - c - a s -  d e c - r c a - a - c c -  in cs-s-ps-eratisg c- ac - c - abil ity could

ea s i l y  r e s u l t  irs - d i a - a c - s - t e r .  It is also a possible nrcbler’s- for

LAMPS w h i c h , as a i - l avy aircrcs-f ’t , is r e q u i r e d  to  hover at s - t a x i —
s - s - s - s - c -as- gr oss W ei s- s-ht on a i-s-ot day s- s-s-s- s-d ts-o t aP e  a c -c - a s - c -of t’ w i t h  os-s-e
c r c -p - i s --s - c ou t .  Is-s -a th i r s -d  case , the proposed i--s-an ne— C - a - r i - s -s tr’ars -s —

pc -nt , the  l i - i -s - i, wi l l  be heav ie r  t h a n  c ia - i - s-ea- t h e  I c - A i - - i - C  or s- i-s-
s
- TT AS ,

i-s-c-c- in wi - c -  is-oh case it would need eIther- ac-c-re s-s-- -s-s -wc - c-’ or h a - s - c -  lea-a-
c- range.

In view of these factors , the N A P s -A I R  01’s- s - s - c e of I a - c - - r s -s-c - i s i s - :s-as-

be l i eves  t h a t  a ac-ore p o w e r f u l  es-s-p -inc sA c - u I -s-i is- c s-i -
s- s-

s-s-s- e l s - a cs-s - d  c-’os-s-’

t he se  a i r c r a f t . The proposed new c - n c - s - a c -c s - s - s - i c -- i- s-c- a - l a - C  ~ s - c - a - e d  as
a r et s -r o fs - !t i n  a i r c r a f t  t h a t  now are powere d  by c - i - s -c- T — ~~~~ 8 c s - s  -- s - a s - c,

- inc lud ing  the  H— 3 and F l — A C .  ts- is e x s - s - c - e c t e s - s  -a- ha s -  i - c -  ‘s - e s -U  c i -~
fs-ecc-

a 25~i improvement  in s p e c i f i c  fuel  c s - c - as -’ s - c - s - a s - a - l o s - c - ( s- ic -PC ) is- a-c- ‘s - P s-’s- c - a - c c -

a i r c r a f t , Irs - addi t ion , the  s-c-e s--c-er t e c h s - s - c - l c p - y  es -p ’s- s- s- e is- s-c- n-s-s-r c- s-s-i- cc - i
to o f f e r  s ign i f i c a n t  b e n e f i t s  in r e i l c - s -c-s- b i l i c - y ,  a v a U c i s - s - l l t y ,  a -nd
:s - s - ai nt c - c - i nab ui - s-ity. The pr -i rs - c - a ry sources  of these lc-enec -’i s- ts a-re a
n od ular des ign  tha t  al lows easy a - c - c -p lacers - c-ent  of’ c-s-c-s-c ’ s , s - c - n d  P e t t e r
ma te r i a l s  t h a t  w i l l  have lc - s- s- c - ger l i f e .

-~~~ 3. N ew - En s-g i n e  P r o p o s a l
P The i--i -AVAI R Of ’ s-

s- i c -c  of P r o p u l s i o n  prop  as-s-e s t o  deveb- c-s-r a s - c - cc - s -s-c-

c s -a -r rer c -t , t e c h n o l o g y  c--c-s-p ine , n er a s - a i ly  s-s- c - c - t e d  ‘c - t  2200  hp .  fevs-c -r a l

r At t r ee  t c - ; s -  1n-:el and Ps-- e l r s - w .
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p s - o a -~~J b l e  - s- - s - s - s- i - s - s -c - -  d c - s- - s - s -
s- s- i - n a -  are c s- c - s - c -- i i d a t e s  ic- or t i c - i a -  p r o c - s - - u s e d  d c - s-i’ s-- I —

s- s- s- c - s - s - s - c - c - s -s- t , Os-s-e - o s -c- c - i - c -s - s - s 
-i s- s t i - c - c -  

s - c - s-c- 700 s - t a - e l f , - s-c - i - s- i c - h  s - s - s - i s -  c - c - a -  be u c - s --nc s- t e s - i .

i - i - o s - c - e s -s-ac-c- , c- ic- c- us -  c - - s-c-t i - s - s - c -- ’ p o t e n t ia l  oc ’ t i - c - ’ -  T — 7 0 0  s - s  l s - s - s - s - i s - t e s -s - .  I c - s
s - c - c - as - s --s - s - i c - s - r e t s - c - s - s - - s - s -  i - c - s - s -c; pr c-a- - s- s- s- s-c-cd a ta - si- s- age up s-a--at l as-s t i- c - c-c - c - c - c - c a - I d  i r -

s-s-c-rca - sc-s -r’ t s  c - s - c s - e e c - -  t o  at c -u t  20 50 HP .  s-a-s - i - I a -  c-n- s - s - id s-i s - s -volve t i - s - c -  s-s-c-se

of s-s - c - d v a s - ,c € s - -J a - - c - s --s - c - c -  o s -
s -the s- c - c - c- t  t c-c-has -c-logy. ~J/c-VA IR i-s-- c - i s - e v e s  i ts-

c s - c - s - c - i s -s-i s- s-ic-c-
s-c-c- s-c- i-s-op s-s- ac- e s - c - p it s - c-c cs-- i  h 2200  I c - p  w i t i - s - i s - s -  t i - c - es -c- sac - c-s-c c-s- s - i - c - s - c - a - s -s- c - a - i

c- c - ’ s- s
- s - e l s- c - c - --e as t i c - s - a t c-f ‘

s- he Ts--s- 7 0 0 .  li-s - a l so  b e l i e v e s  a - i - s-at  t h e  c - - c - s - c s -—

c- s - c s - s e d  e s - _ s - i s- i - s - s-e c -s - i - il or ’ s - s - - c - -  a s - s- s - c -n al l  is - c - s-prc’ic-rs-c-es- s-s-t i s-s- c - s - s - c -s - l i  a - c - s -a --n - pccs- ;cs- c-

s i - s -c- ( f ’ s- ’o: s-s -0 . A E t o  0. 2 s - s - ) .  c -b e i s --e i i e - I’ ss- c-a re  based on dc-s -c -s- cs- as- rc-a- a - a—

a- s-s- c-s - c-s - i - s-
-

c- c- s -have  b c-s-c-s-s -s-c-s-aal c- c c - s - l a - h  c - - c -s - n - t i  - c- J s- ly  ci -c-vel oc-s-s - s -s-’d engis-c-ea-
s -as - s-s-. e of c s -s - i - c - ic c-

s- c- c-c- s-c- c e i s -  - a- i - s - s  -s-s - c s - s -s - p e t s  -s- : t s- i on 1 i-s-at c s -a - s c s - c - c c-- c c -  b y  c-i-s-C- T— 700
s- c-r c- dc- c -c -ho c-c s- s- s -s- s-c- s-s--v e l o r c - s-s -s- enc-c - Pc -as cont i n s - s - s - s -s- i under ’  TR& iui - s - .

To p— rs- s-s-s-duce 2200 i-c - c - -  w i t h in  t h e  c-c a rs- c c-s- ac- s-ac-s--I c-ps - c - c-s-s i- s- i - c - c -  i i— T 0 0

s--c- co ld r e - c - s - s - i  a-c- e i t h er ’  a s i p - s - s - i f s -  oa r s -
s -as-s-c - v a n c e  it s- tech nobo s-n-s -cr

a -as - -s-- ’ i s-’s--c - s - s - s -s-. 
- cs-r cc - crc -ac-ce is - c -  ti - c- c- er s - p - i n c -  t o  c-ct  a - s - c c - r e  a -ia- t i - s-c - -o s-p -h. I rs-e

s - o s - s - s - ss-s - i b i l i T ’,s- i - s - a- r e d s - s -s-s-t i s-s-as -is-s- s -ti-c-c- s ize-  of a-
s- i-s- Cc- is - s-’s-s-s-- s a - a i  s- s-s-ic -t

i- s- a c t  i c - b e  sc -p s -s-arc -ct s-o , a large asses -r i- s - in - f ’ s - s - a - c c - c - s - s -ir ’ s-s-i of i-s- is- c- c c - c - s -s- c- a - s-r c - s - c - a - s-

( i - s-ee s - c - i s -s-s -s -as- s-c 3 .)  Pds-iie ti - -s-is eb abcs-s -c - - s - s - s -s- t
s- e a- s-ec -i - s-a rc- s- s-s- s-c-s - i s  c c - c - s - c - c s - t i e r e d

~ s-c c - s - c - c - c - s -s - as - cc ’s-v for  s - c - s - a s - s - n - a i r s - n- O p e r a t i c -  s-cs , i t s  u t i l it y  for  c - s- s-c-st s-s-c - a s-s-
s
-al

or -c - c - c -s-s-it s-s-ons i s c-a- - c-. s - a - b c - s - c - c - s-. Use  of a a - s - s - c - s -I IC - a- a - c - c - c -  an - s - cc-s-on- c- s- c- 
s-~~ l s-i s- s- es--s- - s - i t

t- he a dd it  i - c r ,  of ’  e a t s - - a  c s -s- -s- s-s-pi ’ea- son s t ag es  c- ’c - ithi c, ‘s-h-s-s- s-as -ac - e s - s-’s-c - c - l a - p c .

We es ’s-s - i - s  -s- c- s - tc -  t h a t  the develops’s-ac-t c F a c-s-ec’s -c rc - a s-s-s- ne of c- h i s
i-n-rpe s --

s-
s - s - c - i c: c - c s - a t  f’ s- os - s - s  -~ 30 to  - i 1 5 0  m i l l i o n .  The los- s-c -es-’ f ’ s - c s - s- r - c - s- ia-

ap i -s-- l i - s- s - c - a - b b s - c - -  t o  a- Pie s - s -c - . c-c- cc-a i in g  os -s -an c x i  s - c - c - i ng  c - c - c-’ s - n e , a - s - a - c c - c -  as a- he

T— 700. c-c-he i s - s - i - a- i - s - s-- c - ’  1 s - i gs -c - r s - e s-i s  a p p li c a b l e  t o  a to ta l ly  new s - i - e s - e l —

c s - p c - s - s - e s -’ - . Full—c-s-cale s- s - 1c - s -ve lc s -p s - c -s-ent of’ one of ‘s -h e  par c-s-ly dc-c-
s-a c -s - lo p e d

e s - c - s - -i nca w o u l d  p r o b a b l y  c - c - s i -  a-os-s-et s - h i s - c -c i-c -c- s-c- cs- c- o s- s -a- hoc-c-e c - x a - r~~s-c-c - e s .

T i - c - -  d e ci s io n  is w i - s - e t h e r  t h e  i - s -vy  r i - s  -s-c-id de s-c-lop this ne-c-s-

C s-s- c- in c -s -For any  of a- he c-s-c - c - t, c-s--s-ti- s - l  u s e s  nc - e s - c t  s- s- ois-ed c-as - s-lier’: f o r  c - h o

s- s e c - o s - s - c -s-i b c - V  of UT T A hi- , second b u y  of is-c - A s - i - , second  P s - s - n -  c-f LA i - - Ff’ s- ,

for c-c- he’ li - Pc - I, or’ s - s - c - c  -a- rep lace s-c-c-nt for t h e  T— s-58  in ‘s-s - w o  e x i s t s -  s - s-c

a l a - o s -s - s - a f t . We corc- a- s - c - e r  c - he d c - c - c - i s les - in a-s-c- s- s - in - s. s- c - i - c - a -c- s-c-c - s  an

ci-
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i- s - c - d o p e s - c - -s - i c - s - c - a -  des-c’s- s- s- c - s - s - c-s- s -c - c - s-i- i-c- c - P s -  he c- s-c - T T A f ’  , s - s -s - P s - s - i -  F , as-s-d Is -As - i -, s-c-s - c -
s-
s-i

S e - c o t s - s - i -, C s - S  c-
s-
s - c - s -c - c - c - s - c -s - I n -  s-s- c-s-s-o’las - i - s-c-s-c-a s- c - a - i- ’ s - c -’ i - i s - c  i - i - Is - i - -i -.

4. A pp l i c a t i o n  of Proposed G u i d e l i n e s  for I n d e p e n d e n t

~~ D e v e l o p m e n t ((JTTAS , L A M P S , PA ~~~

s
-)

G u i d e l i n e

- s - .  is-’ s- s--s- c- c -t / c - s - s - c - s  -0cc- c-c- p o t e n f - c -’ c--s-’! c c - s - c - c -
s- c-s-c c-s- c - c - c - c - s -c -i - c s - c - c -, s - i - c - -s-c-;s-Z:c-dic- :c r s-c-- i-s - r c - c-s-—

3 /  t s , / 8  a s - c -
c- e s-s-t-s -j

s-
z c-A le.

Com m en t

s - c - s-cc -i thout  c o n s i s -s- i- ei’irc-g c - - e t r c s - f s - i  c - s . t hr e e  c - s - s - tents-s-al usi a-s-s--
s -a- n - c - s- c -—

a - e s - c - s  h a v e  been i s-
s- i - e s- s - s - s- t i f l e d: c-ITT AIi - , P s - s - P I P , a r c - s-i A A c - c - .  Ti-s-c -a - c -—

-‘ s- s - - c - ’s - c - r e , i-s - c-s- s-s- s- s p - u s  - s - c - c - -s- s - c -n e  has  Is -- c - e s - c -. a - a b c -s- s f :e c s - .

G u i d e l i n e

h s -  1 e s - t c - s - c - ’ s - z t a -  s- c - c - .  c-c - i l  I c - s - o f -  ~ s-c- a sc -a -s- or rc -s - - c - c - - i . Ic-s -of rs-er

cc-crc-s-ic-

1. c-a- s-c - c - s - s -c - c -c’ a - e s -s-c-c- s- er ,[oc - - c - ’ s - s - c -  s -c  s- c - ar s -s--s-a-s-’’a-s-c-- - s - a - : -~~s-’S s-s-c - n - c - c -s- a t e c - s - s-s -z is-’ I c

ove r  a s -- e e o c - nc - s -n - -  s - c  c - s - s- s - s - c - s - s -c - c - , s-
s
- i  a - s -s- -c - s -c - a -  c~~~ic’ ‘ c-c-- -- c-’- s-s-~’er

Js-s-’is-s-s - e i - i o s - c -rs-s - i e c -s - t  s- ;‘s- ’o r i -  : f - s -c- s- Cs - c - s-c- s-c-s - s -
c-

/ c - s -, s - 2 c- ’S :c-s-J s -s -s- ’c-s-l’s-s-s- c-, :

s-s-c - /s -  s-c- c-s- c- s-s -s - i c - :  the !s- - e r s - s
-
’Oc- ’ ’-s-s-s-c-c - s - s - c -s - c -- °:‘ t ic - c c - a - c -  c - s - s-s- c- c-c-a- s - s - zr - c

s - a - e l -i s - c - s -s- s- s-’er c -Tc-’ :oo s- i , Cr  o c- s - s - c -  L a  s-c - 7 s -s - s - c - c -c-
’ s

-
’ s-

~~~~~~d c-i s-s-s- s-
s
-s- ’

s-
c - s - a -  P c-c-

s-s-c - a - c - s - s y s - t e c - ’ s - s  -dc -c - s-s-c - C  s - cs - c- 
s-s- s 

-
s- s-s- t  , c- s - i-s- c-c-c- s - c -  c-s- s-c- : :s-’ e i s - c - , 8p8~~~~

r c - c -~u c- re s -’ s - e c - c - t c -  a r e  c :c- 
c- s - c - ’ ’  s - s -- s- c- ec - s - t  ~

‘ ‘xc- L s - : l c - i -~ c- c - f - c c-
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We believe that the increases in engine power through tech-

nology advances are likely to be more limited in the future ,
since technology improvements beyond the present base are
becoming more difficult . This means that the upgrading of

an engine will tend to become more difficult . Performance

gains stemming from initial overdesign could continue , but

this would mean that such engines would be larger and less

efficient than they might otherwise be. Hence , potential

system performance is traded off for flexibility in sub-

system use. Although , in the past , this tradeoff has been

made typically in the direction of subsystem flexibility,

the demand for improved system s performance coupled with
fewer opportunities for gains f r o m technology advances ,
may change this direction. The T—700 engine presents some

evidence that this is happening. The outcome of such a

trend could be the tailoring of t h e  system to the availatle

subsystem , which is the major alternative to having flexi-

bility in subsystem performance characteristics.

The scaling laws seem to be reasonably well understood for

engines that involve no more than minor advances in technology .

However , there is evidence that engine design is more of an art

than a science (Ref. 7 ) .  Engine efficiency is often highly

sensitive to minor changes. Changing an engine from a demcn—

strated prototype to a production design sometimes results ~r.

unacceptable losses of efficiency which then generates a need

for further development to bring the engine performance to an

acceptable level. Nevertheless , with respect to the troposed

Navy engine , the conditions for this guideline seem to have

been met sin’~e it is to use current technology .

Guidel m e

2. The sub sy ster~7 can be repackaged without ma~ior
develop ment effort , allowi ng it to f it into the

sy st e m  without integration proble m s. Or i f  such

4
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rer a c~kag ing appears impossible , the system can be

designed to accept the subsystem.

Cornm en t

The proposed ~avy engine is to have the same outer envelope

as that of the current T—700. The major problem may be

changing the particle separator which could involve rela-

tively elaborate development . Infrared suppression system

changes may be necessary, but would probably not require

major programs to accomplish. (The T—58 engine is also

about the same size as that of the T—700.) Because of the

particle separator problem , the requirements dictated by

this guideline may be troublesome in both new and retrofit

aircraft .

Guideline

3. The environment of the using system wil? not ad-

rersei y affect the per formance of the new subsystem .

If the norr i a sys tem environment is a problem , a

controlled environment for the subsystem would be

available.

Comment

The major environmental factors in which the Navy is

interested are: salt , operationa l temperatures , thermal

cycling due to mission requirements , vibration , torsional
moments , flight loads , thermal environments in the vicinity

of the engine , and inlet and outlet characteristics. With

th~ exception of the salt problem , the environmental factors

of interest to the Army are much the same as those of the

navy. However the Army has additional concern over flying

dust and debris generated by helicopters operating close

to the ground . This has resulted in the development of

scr’eons and particle separators to protect the engines

(Tee Eig. 3). In this case the Army ’s environmental problem
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could affect the proposed engine since the engine may not

be able to develop the target power within the current

envelope unless the particle separator is reduced in size.

Thus there is considerable question as whether this guide-

line can be followed in the case of the two Army systems

for which the new engine is suggested.

Guide l m e

4. Conv ersel y, the envir onment generated by vhe sub-

system will have no adverse impact on the syst em

or oth er subsystems. Alternativel y, the environ-

me ntal impact of the subsystem is controllable

by appropriate packaging .

Comment

The environmental concerns associated with the engine

(i.e., temperature , controls , auxiliary power , vibration ,
and noise) appear to be engineering matters that create

no new types of problems in the considered applications.

As a result , the requirements for the guideline are con-

sidered to have been satisfied.

Guid e l i n e

c. Subsystem desi gn parameters are adequatel y specified.

1. System design is comp lete enough to specify the

subsystem.

Commen t

The requirement of this guideline has been met . However ,

we rei terate one of the lessons that were derived from the

case studies: a specification may change as a result of

added requirement s or operational experience. This seems

to  be especially characteristic of aircraft powerplants.

During development , the weight of an aircraft tends to

increa se over the original design weight . Sometimes , in
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addition , demand s are made for increased performance. These

factors require an increase in installed power . Therefore ,
the ability of an engine to grow in power has usually turned
out to be valuable , although such an engine may not be as
lightweight or efficient as it might have been , had it been

designed for one power rating. The alternative is to re-

strain the aircraft requirements to weight and performance

values that fit the available engine. However , this seldom

happens in practice.

Gu i d e l i n e

2. System will be desi gned a round the  ch a r a c t e r i s t ics
of the subsystem.

Comment

This is covered in guideline c.l above. In this case , it
means primarily maintaining the aircraft weight and per-
formance at a level suitable for the available power.

Since the conditions for c.l are met , this guideline does

not apply.

Gu i d e l i n e

3. Subsystem is part of a family,  whose character-

istics span the expected system requirement.

Comment

The requirement for this guideline has not been satisfied.

But it does not have to be satisfied , if either of the c.l

or c.2 requirements is met.

Gui d e l i n e

d. No subsystem alternatives are available that would

permit the system to be cost-effe ctive in the minimall y

acceptable set of missions of the type for which the

system is envisioned.

J



Comment

On paper and in official terms , the condition for this

guideline cannot be met under- the present circumstances.

The reason is that a subsystem that apparently meets the

requirement is already under development and is almost

fully qualified. This subsystem is the T—700 engine .
Presumably, the considerations raised by the NAVAIR Office

of Propulsion have been examined by the project managers

and in DSARC reviews . The resultant decision is that the

T—700 engine will provide sufficient performance to enable

the aircraft to meet the requirements that have been im—

posed. The additional performance margin to accommodate

a hot—day , one—engine—out condition is a new requirement

that apparently has not been accepted and included in the

system specification . Similarly , the Navy operational

requirement s for hot—day hover and single—engine waveoff

are either met or waivered , and further marginal perform—

ance in these operations become s a new requirement . There—

fore , we conclude that the condition for this guideline

has not been met. Nevertheless , we feel impelled to add

that previous experience with aircraft developments have Ire—
• quently led to a need for higher power. In fact , the require—

ment for higher power was sometime s expressed after the first

buy of production aircraft (e.g., UH— l, Appendix A). Previously ,

the new requirement was met by increasing the engine power

rating. In the case of the T—700 , such a course may not be

practicable. Hence , we believe that it will be essential to

• maintain close control on the weight growth of the user air—

craft , or to modify hot—day operating procedures to ensure

• f l ight  safety with the T—700 engine , or to do both.

Although the condition for this guideline has not been met

in a formal sense , the requirements to determine v:hether the

A
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above alternatives are satisfactory should be considered

further. If they are not satisfactory, the requirement

for a new engine should be generated , and then the con—

ditions for the guideline would be met .

5. Appl i c a t i o n  of Proposed G u i d e l i n e s  for Early Development

These early development guidelines are applied only to

the potential use of the proposed new engine in the HXM heli-

copter , which we assume will have a higher gross weight than

that of the UTTAS or LAMPS.

Guidel m e

• a. The subsystem is of the type that requires a long

development lead time relative to the development time

of other subsystems.

Comment

The development time for a new turbine engine is about five

years. This is longer than the development time of most

aircraft subsystems , and certainly longer than the develop-

ment of the airframe itself . There is some uncertainty in

the need for a time of five years in which to uprate the

T—700. But the T—700 is not considered to be a good candi—

date for uprating ; so , on balance , the condition for the

guideline is considered to have been met .

Gui d e l i n e

b . A t least one , and perhaps several , pot en tial user sys-

tems are identifiable. Note that -he detailed charac-

teristics of t7~e user system may not be known at the
• time that the decision to develop the subsystem is

taken.

Comment

The HXM concept permits the proposed new engine to fleet the

requirements of this guideline.
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G u i d e l i n e

c. No subsy stem alternatives are available that would

per mit the system to be cost-effective in a minimall y

acceptable set of missions of the type for which the

syste m is envisioned.

Comment

If the NXM is indeed heavier than the other aircraft , it
will need more power , which can be obtained by either using

three T—700 engines or developing the new one. But a care-

ful design and cost study should be conducted , before making

such a decision. The conditions for this guideline may be

met , depending on the results of such a study.

Gu i d e l i n e

d. Integr ation will not be a major problem.

C ommen t

This guideline was discussed as guideline b (1, 2, 3 and 14)
under the independent development discussion preceding .

The same conditions that were discussed in b (1, 2 an d 14)
apply here. In b ( 3 )  the army operating environment

creates a different problem . The HXM will presumably oper-

ate in a naval environment and therefore the particle sepa-

rator would not he so crucial. Furthermore , since the HXM

is presently only in the concept stage , a larger engine

envelope could be included in the design if needed. Hence

the proposed engine follows the integration guideline in

this case.

Gu i d e l i n e

e. System obsoles cence , stemming from technology changes

in the subsystem area , will not be serious be cause:

1. No developments are in view that wi7Z obsolete

the subsyst em , before the system developme nt is

A started.
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Commen t

Some potential development s, such as the use of ceramic
turbine materials and high pressure compressor stages , are
in view . However , the incorporation of these types of
advances in developed engines is not likely before the new
engine can be developed. Hence , obsolescence is not a
limiting factor , i.e., the conditions for this guideline
are considered to have been satisfied.

Guid e l i n e

2. “For m, fit, and function ” princi p les are app li-

cable.

Comment

Form , fit , and function concepts are not applicable to the

question of engine obsolescence , because an engine is a

very highly integrated piece of machinery.

Gui d e l i n e

3. Expected benefits to be realized in the period of

ut~~iity of the subsystem exceed the expected costs.

Comn ien t

If the conditions of either e.l or e.2 guideline would not

be satisfied , we would then do a cost benefit study, in

• which the cost of the development , acquisition , and opera—

tion of the new engine would be compared with the acquisi-

tion and operation of existing engine types over the ex—

pected period of utility of the intermediate technology .

However , since the conditions of guideline e.l are satis—

fied , the cost benefits study is not applicable.

6. C on c l u s i ons

a. Inde p endent Development. The guidelines have been

applied to the possible use of the proposed Navy turboshaft
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engine in the AAH , UTTAS, and LAMPS , all of which are in some
phase of the system development cycle. The new engine meets
the conditions of all guidelines except b .3 which says that
the environment will not affect the subsystem and d which

states that no subsystem alternatives are available. In the
case of b .3 the problem lies in the Army ’s need to operate
aircraft in dirty environments. In the case of d , an engine

that meets the requirements is already in engineering devel-
opment . In fact , prototypes of that engine are being used to

power prototypes of two of the aircraft (i.e., UTTAS and AAH) .

On the other hand , as we have indicated previously perhaps the

requirement should be changed in view of the previous history

of helicopter weight and performance demands increasing over

values that were originally envisioned. But , unless the re-

quirement is changed , the conditions for guideline d cannot be

satisfied.

b. Early Development. The guidelines for early develop-
ment have been used to test the possibility that the proposed

engine should be developed with its intended application being

the HXM , assuming that the HXM would be significantly heavier

than either the UTTAS or the LAMPS. The proposed engine satis-

fies the conditions of all the mandatory guidelines , except

guideline c , which states that no subsystem alternatives are

available. In this case we are not sure since there is one

alternat ive that needs investigation: the possibility of

using three T—700 engines. If, based on study , such use is

feasible and cost—effective , the development of the new engine

cannot be justified , according to the guideline condition;

otherwise , it can be justified .

Each of these “iffy ” possibilities provides only a partial

justification for developing a new engine at this time . We see

no defendable way to combine the two sets of partial justifica—
- • tions to make a “whole” , unequivocal justification. It should

be justified in one case or the other by the means indicated

above , after which it might be used in both applications.
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Besides the HXM , UTTAS , and AAH , the other possible uses

for the new engine are retrofits to two aircraft (H— 3 and H-146)

that are now powered by the T—58 engine . The basic reason for

such a retrofit would be to provide performance benefits that

might result from a 25% improvement in specific fuel consumption .

Basically, this woul d mean an incr ease In aircraf t range and
in payload , or in a combination of the two . But the T—700 would

offer this improvement without further development .

Another possibility offered by the new engine is a signifi-

cantly better RAM than that of the T—58. Again , the T—700 with-

out further development would be a candidate for this role ,

since its RAM would be representative of the new technology .

Hence , the development of the new engine on the basis of lower
fuel consumption or better RAM in the H—3 and the H—46 aircraft

is not justified .

D. CORRELATION GUIDANCE SUBSYSTEMS

Note: Classified aspects of these devices are not included

here. They are discussed in Part 2 of this study , which

includes classified appendices.

1. Introduction

Research and development on a correlation guidance subsys—
‘S tern began three decades ago at Goodyear Aerospace Corporation .

The first model , Automatic Terrain Recognition and Navigation
(ATRAN ) ,  was the first system to use the principle of radar

map—matching for navigation , and it weighed 1200 lb. Early

development was intended for application in the Matador cruise

missile. By 1953, the weight had been reduced to 250 lb , and

the subsystem was incorporated into the Mace cruise missile .

Approximately 250 units were deployed in Europe between 1958
and 1965. Subsystems were also designed for the Navy ’s Triton

r and Regulus missiles , but these major systems were canceled during

A
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r
research and development . In 1975, Martin Marietta subcontracted

Goodyear to build a radar map-matching system , using a Correla—

tron tube for the Pershing II missile .

Correlator performance has improved greatly over the years.

Also volume , weight , lifetime , and reliability have greatly im-

proved . These improvements are attributed mostly to the Corre—

latron tube. The culmination of this set of development s is a

system called Aimpoint , whose development history is summarized

in Table 3.

Unfortunately, one significant parameter has not dramat-

ically improved over the years . This is subsystem unit produc-

tion cost , which was $30k for the Mace guidance system and is

expected to be in the $50k—$60k range for the Radar Guidance

(RADAG) system for Pershing II .  However , if inflation is taken
into account , the unit cost increase may in reality be a unit

cost decrease. Most electronic subsystems , such as aircraft

radars , have experienced unit cost increases of much larger

factors (14—5 ) over the past 20 years. The cost of the Correla—

tron tube is a small fraction of the subsystem cost. Produced

by the Electron Tube Division of ITT, this tube is expected to

cost $5k—$8k per unit in small quantities. However , the pro—

duction cost would be expected to decrease to $2000 per tube

for 2000 unit orders , and to less than $1000 per tube for

10,000 unit orders.

The most important feature of the Correlatron is the

nearly instantaneous comparison of real—time and reference

images. This provides a search capability that was lacking In

earlier systems , which required a reference image and thus pre-

cluded operation over large bodies of water.

At least 11 potential applications of the Correlatron tube

are envisioned and one is currently planned for operational use.

The technical feasibility of many of the applications has been
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demonstrated . It is not possible to design a single subsystem ,

or even a single Correlatron tube , that could be used for all

applications . A modular Aimpoint optical guidance subsystem ,

however , has been proposed by Goodyear Aerospace Corporation
• for glide or powered vehicles. We have subjected this subsys-

tem to the guideline conditions for standardization.

2. Ap p l i c a t i o n  of Proposed G u i d e l i n e s  For Standardization

G u i d e l i n e

a .  More  than one p o t e n t i a l  u s i n g  s y s t e m, i n c l u d i n g

ret rofits , is identifiable.

Comment

The condition 01’ this guideline has been met , subject

to Aimpoint being chosen over its competitors as the

guidance system.

Guide l m e

b. Subsyste m te chn o logy is mature and well in hand.

Comment

Aimpoint is the culmination of more than 10 years of

-~~ successful development and testing. Therefore , the

device itself meets this criterion. However , high

volume production has never taken place; so far , all

production has occurred in a semilaboratory setting .

However , this aspect would affect the selection of

Aimpoint instead of its standardization. Therefore ,

the condition for this guideline is considered to

have been met subject to the same qualification as

that of guideline a.

Gu i d e l i n e

—i . The potential market is large enouç~’h to supp ort

at l e a s t  one c o n t r a c t o r , and p r ef e r a b l y two ,

for several years .
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Comment

The subsystem meets the criterion for this

guideline , subject- to the same qualification as

that under guideline a.

• G u i d e l i n e

d. The proje cted overall benefits of standardization

exceed its disadvantages.

Comment

If more than one system were to use the Aimpoint sub-

system , there would be an opportunity for unit cost
• reduction through increased production orders. In

addition , there would be the opportunity for reducing

support costs , since the using systems would share a

common reconnaissance imagery format , and data collec—

tion and processing assemblies. Consequently, it is

our judgment that the condition for this guideline

would be met by standardization , provided the decision

was made to use Airnpoint on two syste~ts. We have not

a t t e m p ted to deal with the use of Aimpoint in relation

-to other kinds of automatic guidance systems . Also ,

we raise one cautionary note. At present there is only

one maker of these subsystems . If a decision is made

to standardize , the question of procurement strategy

must be carefully considered , as we have discussed

previously in this report . Otherwise , there is the

danger of the Government being at the mercy of the

one contractor , unless a long—term pricing arrange-

ment can be worked out . Alternatively, or perhaps

in addition , it may be desirable to qualify a second

source.
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~ ±~~iY T * :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



G u i d e l i n e

e. Integration will not be a major problem. In other

words :

1. The subsy stem can be repackaged without major
• development effort , allowing it to fit into the

sys tem without integration problems. If such

repa ckag ing app ears impossible , th e sys tem can

be designed without difficulty to accept the
• subsystem .

C ommen t

Integration feasibility has been demonstrated in at

least two systems (see Appendix L, Part 2 of this

study). Therefore , the condition for this guideline

has been met .

Gu i del m e

2. The environment of the using system will not

adve rsel y affect the per formance of the subsys-

tem. If the normal syste m environment is a

proble m, a controlled environ ment for the subsys-

tern will be available.

-~~ Comment

Based on experience , the environment of the using

systems should not adversely affect the performance

of Aimpoint . Consequently, the condition for this

is considered to have been satisfied .

Gu i d e l i n e

• 3. Conversel y, the environment generated by the sub-

syste m will have no adverse impact on the system

or other subsys tems. Alternativel y, the ‘nviron—

mental impact of the subsystem is controllable by

appropriate packaging.
A
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Comment

Since Aimpoint depends on the the use of a passive

sensor, its interaction with the rest of the system

should be no different from that of any other passive

sensor. Therefore , it is considered as having satisfied

the criterion for this guideline .

3. Conclusions

All the criteria or conditions for the guidelines for the

standardization of Aimpoint are considered to have been satis-

fied , subject to the condition that the guidance method is in

fact the method for choice for two or more systems . As we have
• noted above , this choice depends not only on performance factors ,

but also on the potential for setting up for large quantity pro—

duction . We also caution against standardizing without a pro-

curement strategy , designed to protect the Government against

contractor monopoly pricing.
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APPENDIX A

U N -i AND A N-i HELICOPTERS

I. SUMMARY

The developmental history of the UH—l (Huey ) utility

helicopter and its AH-.l (Huey Cobra) gunshl.p derival ive can

scarcely be separated f rom the recen t  h i s t o ry  of the Army , and
from the advocacy role played by the helicopter contractor and

a group of Army officers who were enthusiastic about an en-

hanced role for Arm y aviation. This advocacy resulted in a

contract to Bell Helicopter to produce the first version of
the UH— 1 as a ~

I medevac~I* helicopter . Hr~:ever , contract for

this development was held up initially, since the requ~rement ,

even when combined with two secondary missions , involved only

a small number of production aircraft . Then , the Ar my avia~ icr:

enthusiasts came up with a rationale for a new missior. that

would require thousands of utility aircraft .

The first production Hueys were delivered t o  an armored

cavalry division , where doctrine and tactics for their use were

developed . Also , new performance needs were recognized. Henc e ,

the UH—lA was superseded by the Ull— iB , a more agile machine

because of changes in the engine and dynamic system t ha t  had

been made as a result of the initial experience. Each new

model of the aircraft (there are about 20 different• versions)

was designed to a somewhat different requirement and had some—

what different characteristics. The development was mainly

evolutionary : a change in one or two components at a t in e .

Medical evacuation.
4
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Such changes involved either IR&D by the contractor or , if the
capability was believed to be satisfactorily dem onstrated , the
development was directed by the program manager. Such a capa-
bility demonstration was often the objective of the contractor ’s
I R & D .

The improvements that started as IR&D included a larger
chord rotor blade , larger diameter rotor , a new rotor airfoil
section , new blade production method , weapons installations ,
and uprated dynamic components. Primarily , the impetus and the

capability to make these improvements came from the manufacturer ,
who maintained close contact with the military users of the

machines and noted their desires and dissatisfactions. Con-

tractor IR&D was aimed at improving or adding something to the

aircraft , for which the manufacturer detected there was a need

or desire. Such development might be carried to the point of

demonstration , at which point the purchaser would decide to in-

clude the new characteristic in the latest buy . Then , a direc-

ted development ensued.

In the entire history of the UH-1  aircraft , only one in—

dependent development was directly relevant . This was the ini-

tial engine de~relopment contract awarded by the Army Ordnance
-~~ 

- 
Corps in 1951 to Lycom~ng, to develop a 1480—shp (continuous

rating ) turbine engine for a four—place helicopter. Within six

mon ths , this contract was amended to increase the horsepower to
600. Before a 600—shp engine was qualified a second amendment
was made to develop an engine for the H— 140, the prototype util-

ity helicopter which needed 770 shp ; thus , the independent de—

velopment was turned into directed development . Moreover , even

the 770—shp engine was uprated after some operational exper-

ience with the first production buy .

After the airframe and turbine engine were initially com—

bined , two further developments occurred that migh t be con—

sidered revolutionary . The first was the development of a chin

A-2
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I
gun turret by Emerson Electric , workinG in cooperation with Bell ,
and both of them on theIr own IR&D funds. The second was the
gunship fuselage , developed by Bell on its own after losing the
AAFSS (Armed Aerial Fire Support System ) competition to Lockheed.
Again , it was the Army aviation cont-ingent that decided it
needed this aircraft in Vietnam , following the Bell demonstra—
tion . And this was a primary factor in Bell’ s receiving a pro—
duc t~ on contract over objections from a number of sources.

Other items were developed early . These constituted GFE
(government—furnished equipment ) to the prime contractor , e.g.,
avionics equipment , sighting and tracking equipment , and some

of the flight equipment , including instruments. We have not

examined these in detail in this study , since they were avail-

able equipment insofar as the prime contractor was concerned.

In a number of cases , it was necessary for Bell to repackage

some of these subsystems to fit and integrate them into the

aircraft . Examples , which we class as being independently

developed , are the “comnav ”* system being installed in current

model aircraft as part of the Army avionics plan , the night

vision equipment , and survival equipment that is part of the

Army ’s aircraft survivability program .

From this case study of the Bell Huey and Huey Cobra , we

draw the following conclusions about the development of sub-

systems :

a. Contracted independent development was ro t  a f a c t o r
in the developmental history of these aircraft. Nearly
all developments were done under IR&D by the contractor
or a major subcontractor. They were taken to the point
of demonstration and , if the customer accepted them ,
they were followed by either a production contract or
a directed development for the next buy .

b. Standard subsystems were GFE that had teen developed
.~ for general use in Army aircraft.. These were de-

veloped independently under commodity programs
(avionics , survivability) that were reojonsive t o
ROCs (Required Operational Capabilities).

A
Communication/navigation.
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c. Prime contractor behavior was to expand its envelope
of expertise. Unless it was required to adapt sub-
systems , either ~y contract or lack of in—house ex-pertise , it tended to develop what ~t needed. Major
exceptions were the engine and weapons . In these
cases , the contractor established close working re-
lations with those who had the capabIlity and , in
some cases , performed joint IR&D projects with such
contractor :. In at• least one case , the contractor
developeG a ~ew subsystem ., when available off—the—shelf equi~-me rt could have performed the function.

ci. A close re 1 t~~ anship with the operators , and aggres-
sive advo:a -

~~~ by the prime contractor and some of its
mIlitary c~ ients , were decisive factors in the orig-
inal development of the Huey and the follow—on de-
velopment of its improvements and derivatives.

e. The transfer of technology from the technology base
was readily accomplished by the contractor , through
an inc rementa l  approach that  relied s u b s t a n t i a l l y  on
IR&D and directed development .

I I . D E V E L O P M E N T  H I S T O R Y  OF THE H U E Y  ( U N - i )  S E R I E S  OF U T I L I T Y
N E L  I C O P T E R S

Experience in Korean military operations provided an im-

petus for developments to improve helicopter operating charac—

teristics. Helicopters of the Korean era were powered by re-

ciprocating engines; they had relatively low payload—to—empty—

weight ratios , low climb rate capability, and poor hovering

performance at altitude , although their endurance was satisfac-

tory . Howev er , there was a greater need for payload and hover—
ing capability than there was for endurance in the operation s

for which helicopters seemed suited. It appeared that turbine

engine characteristics would help in achieving this desired

performance.

In 1951 , the Army Ordnance Corps contracted with Lycoming

Engine Company to develop a gas turbine engine for helicopter

use. T h i s  was an irldependent developnient , although there was

a fairly specific use in mind—— a four—place machine capable of

carrying two patients on litters as well as an attendant inside

A— 14



its fuselage . Other’ desired characteristics were increased

smoothness (decreased vib ration ) and reduced maintenance.

Another requirement was that the helicopter be air transport-

able. In addition to the medevac mission , there were secondary

missions of staff and command utility and helicopter instrument

training . Also , from Korea came the requirement for hovering

capability at high altitude on a hot day (5000 ft , 950 F). The

gas turbine engine , whcse initial target horsepower was 1480

(600 take off), was believed to be a primary means of resolving

this diverse set of requirements. Within six months of the

award of the original contract , the Army decided it would need

more power and the contract was am ended to deve lop  a 6 00 — sh p
( mi l i t a r y  ra t ing ) engine .

The requirement to develcp the actua l helicopter was later

generated by the Airborne Board at Ft. Bragg , except that the

ques t ion  remained whe ther  the new a i r c r a f t  should have a t u r b i n e
or recIprocating engine . The missions named for the heliccpter

to f ly  ind ica ted  a r e q u i r e m en t  for  a to t a l  of 150 to 200 a i r—
craft . More than 20 proposals were submitted , four of them

from the Bell Helicopter Corporation.

Bell’s “homework” prior to submitting its proposals had

been done largely under IR&D. This included:

• Close coordination with Lycoming  to in t e rchange  in for-
mat ion  on he l i cop te r  and engine requirements arid inter-

actions

• Installation of a French—made turbine engine (under an

Air Force contract) in the previously piston—powered

H— 13
- • • Research on metal rotor blades

• Development of methods to use honeycomb materials in

airframe structures
r • Simplification of the rotor hub

A— 5
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• Development of an elevator control system with a non-

linear c o n n e c t i o n  to the cyclic controls , thereby

reducing sensitivity to c.g. (center of gravity) travel
• Ev o l u t i o n  of s I mp l i f i e d  log i s t i c  concep t s  for  h e l i c o p t e r

maintenance , based on Korean experience.

Bell was awarded a development contract in 1951 , on the

basis of one of its proposals that specified a turbine engine .
This award created considerable controversy, in which Bell’s
competitors and high Army officials became embroiImd. The

essential argument was that a new machine should not be devel-

oped , since there was a requirement for only 150 to 200 aircraft .

Such a low quantity did not justify a development program ,
because an already developed transport helicopter , the H — 3 1 4 ,

could accomplish the named missions. The contract award was

put in limbo by the Army Chief of Staff .

La t er on , a ne w m i s s ion  requi rement  evolved , which  caine
about through the studies of a group of Army aviation enthu-

siasts led by General H. Howze. The requirement was for a small

t a c t i c a l  t roop t r a n s p o r t , which  in concept  could provide  air
mobi l i ty to f i g h t i n g  forces  in small  u n i t s , pe rhaps of squad
size. Studies initiated by the Army aviation group through the

Arm y ’s Chief of R&D indicated the technical , economic , and

military feasibility of this concept. The outcome was a poten-

tial requirement for 3000 aircraft , whose individual airframe

cost was to be under $100,000. The development contract that

had been in l imbo was f i n a l l y  released to Bell , who developed
the whol ly  new a i r f r ame  for  $15 mi l l i on . It was also recogn ized
that the engine to be produced under the contract that had been

~iven to Lycoming earlier would not be powerful enough for the

proposed helicopter. Therefore , a new contract amendment was

node to “grow” the engine to 770 shp . The original 600—shp

engine was never qualified. In addition , by maintaininp close

liaison with the field when the prototypes were f 1 y i n~~, Bell

A
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managed to get most field corrections incorporated in  the pr’e—
production UH—l . The first group of production aircraft
( U H — l A s ) went  to F t .  Campbel l  in 1959, where they became part

of division equipment. At that ~ ime , General Westmorelanm d was
the D e p u t y  Div i s ion  Commander . At th is  point , the  a i r c r a f t  had
the Lycoming T—53— lA engine , which was rated at 770 shp . Its

missions  inc luded  in s t rumen t  t r a i n i n g , med ica l  evacua t ion , and
a d m i n i s t r a t i v e  t roop  l i f t  ( s e v e n — p l a c e ) .  I t s  maximum gross
weigh t  was 7200 lb .  A t o t a l  of’ 173 U H — l A  aircraft were p r o —
duced .

The performance of the aircraft was not completely satis-

factory . Greater payload would have been desirable. In: addi-
tion , an argument was raised about- the productivity of the aIr-

craft . Because of the small payload , it was not considered

c o s t— e f f e c t i v e  in comparison with the larger transport heli-

copters .

The Director of Army Aviation , then General von Kann , de-

cided to “grow” the vehicle by improving the components. Bell.

first developed an improved rotor system . Blade chord was en-

larged from 15 to 17 and then to 21 inches. Transmissions

were tested at higher power. Engine power was increased to

860 shp . The upgraded aircraft broke a number of records for

helicopter performance , which seemed to provide the justifica-

tion for the B model , a growth version of the UH—1A aircraft

and engine . This new aircraft was intended to be capable of

flying the previous missions as well as a new mission (fire

support). Three engine versions were used in the B model ,

s t a r t i ng  w i t h  the  T— 53 --L— 5 w i th  960 shp , and ending w i t h  the
L—1l w i t h  1100 shp . The maximum gross weight  increased from

- • 
7200 lb to 8500 lb .  This pe rmi t t ed  about  a 500—lb i nc rease  in
the payload.

In 1963, Bell proposed a change to stretch the fuselage

but to continue to use the same dynamic system . Eventually ,

4
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this stretched fuselage was combined with a larger rotor to

become the D model. Gross weight was increased to 9500 lb.

At about this time , the west German Government cane in

w i t h  a request  for  350 u t i li t y  he l i cop te r s  and a c o m p e t i t i o n
was held among Bell , Sikorsky , and Vertol , which was to  be

settled by a flyoff. Bell a~ p :irently held its own , u n t i l  i t
was decided to run part of t h e  f i y~~f f  at high altitude. Bell

engineers  f e l t  t h e i r  engine was not power ful enough to perform
wel l  at high a l t i t u d e.  Meanwhi l e , Lyc oming ,  w i t h  whom Bell
had been maintaining its continuing close relationship , had

de veloped the  T— 53 engine to where it had t e s t ed  one t h a t

could be rated at 1400 shp . A l though  the engine had never
been flown , it was brought to Germany and installed in the
f l y o f f  ai r c r a f t . This  gave a clear advantage  to Be l l , who
eas i ly  won the f l y o f f  wi th  the demons t r a t i on  of the  a l t i t u d e
capabilities of its helicopter.

From t ime to t ime , o ther  m o d i f i c a t i o n s  have been made to
the UH—l basic aircraft , in response to new capabilities re—

L quested by users. These requirements have been met by varla—

t ions  in power , dynamic components , and by changes  in interna l

configuration and auxiliary equipment . The users include the

U . S .  A rmy , Navy , Ai r Force , Mar ines , and the military forces

of Canada , Germany , Iran , and other countries.

III . DEVELOPMENT HISTORY OF THE AH-1 ATTACK AND FIRE - SU PPORT
H E L I C O P T E R S

In the early l960s, the Army put rockets and machine guns

on utility helicopters . The earliest efforts were reminisoent .

of the early weapon delivery modes of aircraft during World
- • War I , when bombs might be th rown over t h e  s ide  and p i l o t s

• 

.
~ would shoot at each other  w i t h  p i s t o l s .  ln t h e  case of the

helicopter , machine guns or rocket pods were hard—mounted on

the skids. Later , combined efforts of Bell and Emerson included

the development of rocket and mach Ire gun kIts for side mount ing,

A — 3
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turre’s to t ’  no-so m o u n t  lr .g ,  and a u n i v e r s a l  ~y 1on r r :  w h i c h  a
variety 01’ stores and weapons c ~uld he m o u n t e d .  The weapons
ai r o r a f t  required a cr e w  of f o u r , they  h a d  high drag (the Huey

h ad a w i d e  fuse lage  w i t h  s I d e — b y — s i d e  s e a t in g ) ,  and the  p a y l o a d
was l o w .

Bell , w i t h  the  IR&D funds , sponso red the  deve lc-prri e r1t of an
in t e g r a t e d  p r o t o t y p e  gu n s h i p ,  u s ing  the Model  20 7 ( H — l 3 )  Sioux
Sco u t as a t est b e d .  The g u n sh ip  had two ~ — E 0  machi ne guns in-
st a l led  in a ch in  t u r r e t , whi ch had been aeve loped  by Emerson
Electric , also under IR&D. It had tandem seating and side—arm

controls that provided a space for the gunner ’s sight . A

honeycomb floor served as structural mounting for the chin

turret , thus providing a structure that minimized vibration and
absorbed turret recoil loads. In January 1964, pilots of the
11th Air Assault Division evaluted the aircraft and  recommended

t h a t  the  Army develop  a s p e c i a l — p u r p o s e  h e l i c o p t e r , u s i n g  the
same c o n f i g u r a t i o n  but  w i t h  t u r b in e  p o w e r .

The r equ i r emen t  for  the Arm ed  Ae r i a l  Fire Support  S y s t e m
(AAFSS)  ev olved from th i s  eva lua t ion . The T r a n s p o r t a t i o n  Cor p s
and the Secretary of the Army decided to hold a com~etitior , to

- 
de velop a p r o t o t y p e .  Lockheed proposed  the Cheyenne . Bell
proposed the Warrior , a two—place tandem machine that would

use the same dynamic components as the UH—lC would use , but  w i t h
a new fuse lage  to prov ide  b e t t e r  per formance , and w i t h  i h e  wea-
pon system integrated into the machine . Lockheed won the con-

tract award with its Cheyenne which promised better pe r f o r m a n c e

and less maintenance than did the Bell m a c h ine , primarily because

of an advanced t e c h n o l o g y  (though  u n p r o v e n ) ,  y i e l d  r o t o r  s y s t e m .

After the develonsrent contract was awarded to Lockheed ,

Bell decided to  b u i l d  i t s  proposed  gu n s h ip  s e cr e t l y , on i~ s c~ n .
T h i s  d e c i s i o n  was made in J a n u a r y  1965 and the  s hip ,  now called

t h e  G~ ey Cobra , was sup~ csed to fly that year. At first , the

A r m - ; igr1c r’e I B e l l ’ s work , but  by t h e n  the V i e t r i o m  commit !;ter t
4
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w a s  -row ing  an d  the  ne ed for  g u n s h i p s  was  b e i n g  e m pL a s ~ s od .  At
that t irce- , the iiueys (UP—is ) were Leing usec as gurshi s , wi th
machine our s being f i r e d  thrcugh openi si ~~~i -  co o r s  and w th

rocket pods ottashed to the side . Also , the air- -~r-a ft was con—
sidere i t o be t oo slow for gur.ship use and , because  t he  w e a r ~on
sy s t em was  n o t t r u ly  integrated w i t h  the ma chine , the tc-tai
system was clumsy and ineffective . Visits of Bell personnel t o
the battle areas , and discussions with comb at arms people in-

dicated that the Cobra concept would match ihe mIssion require-

ments. Although the Transportation Corp s wanted to stop the
program , calling the Cobra a high—risk development , General
Westmoreland was convinced of the need and he pi-nvideo the re-

quirement for the Huey Cobra .

Arr a y d o c t r i n e  at t h a t  time was exp licit in a en y in g  the  use
of  a rmed h e l i c o p t e r- s for assaulting en emy f o r c e s .  Close suppor t
was to be s u p p l i e d  by Air  Force f ig h t e r s .  Com bat  he l l  c a r t e r s
w e r e  to he used f o r  such miss ions  as m o v in g  t r o o - r s  and w e w o c - n o ,
for observation , and for reconnaissance. Some -a r rcing of air-

craft or h e l i c o p t e r s  for  s e l f — p r o t e c t i o n  and for  use  in. armed

reconn .-a~ ssance was legitimate. But the concep t  of u s i n e  h e l l —
copters ac the means of delivering of heavy firepower or close

s u pp o r t  in assault missions was a disapproved not icn . although

a number of Army—sponsored studies and combat development ~rnui Is

had beer examining such concepts. There was opposition to thIs

requirement from the Transportation Corps and f’rorr Ecu ‘s cc-n —

petitors , who were effectively shut out from competing against

a development that was all but completed and a requirement c o n —
sides-ed to be immed iate. The Army Chief of Staff found it di f—

fiLult to veto a request that had its origins in Vietnam comha~
and was supported by General Westrccreland , V i e t n ar  combat ve t—

erans , and the combat arms groups. The contract for ~he AN-i

was let.
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Controversy over’ the eventual outcome of this use of hell—
oo~ ten: in V i t - O n - : - . - an t  in u e s . i k - l i c o r  t e r  l os s e s  to eri~~ r.y we-a r  —

onr ’v we ! : nh-ri :c a r t , - i ra  it -: : n o t  et ol~ ar- w h e t  her’ gun siip
helicopte rs prov ided significant assistance in Vi et n am . Ana lysis
of this particular controversy is beyond the scope and purpose
of th is paper. The present situation is that the Army is row

runr.ing a compet ition for an advanced version called the

Advar .oei Attack Helicopter- (AAH), which has  succeeded the

AAPSS as the next—generation Army comb- at aircraft . AAFSS de—

veloprri e nt was s tops-ed a f t e r  the  Cheyenne ri i - id—x - --: t s r  con ice~ t
ran into technical arid financial sifficult les (see Ap pe nd ix 2).

~eanwhile , the technology of arming helicopters ha s  develaned

to where an individua l helicor ter can be made capable of de-

lIvering a considerable variety of ordnance with o n l y  m i n o r
chano;es , mo st of w h i c h  are possible in the field. In. a d u i t i c n ,
: o -n s i d er a b - l e  a tt en t i  an has been paId to methods of a u n r e n t  inn

survivability against surface—launched weapons thrc-s I--r. a formal

aircraft survivability program .

The ror ’-pn inn n-ar-rat ye s-er resents the b -asi c hacko~- - - A r - ~
leadino to acceptance and deve 1cpren~ ol inten rated armed

helicopters. Our interest Is not in the merits of the conce~ t

hu t  In, the nature of the mr~ cess , part icularly wh’-re improve-

ments and new capabilities were incc-rrorated in the hardware

i t s e l f .  The Bell m a c h in e s  i l l u s t r a t e  n e a r ly  al l  the possible
ways i n  which such improvements and new capabili~ Ies occur .

The next sect ion addresses a number of the subsystems that have

been  i n cor p o ra ted  or imr roved in the 1-iuey hel icopter and its

d~-ri v at ives.

IV. H I S T O R Y  OF H U E Y  S U B S Y S T E M S

A . En g i n e

The T—53 engine , which has pcwered almost all the Hueys

and hoe- y Cobs -as , was  started as an i n d ep e n d e n t  deve i  o p r o n t  t y
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the Army Ordnance Corps. At that time , the independent concept

was a four—place helicopter capable of hovering “out of ground

effect” on a hot day . Although there was no specific desi gn ,

an estimate of the weight of the aircraft led to a specification

of 480 shp (continuous rating ) for the engine . Lycoming started

this development in 1951. Within six months , the contract was

amended to increase  the ra t ing  to COO shp , caus ing  Lycoming  to

scrap all the work up to that point and start afresh. However ,

a EOO— shp engine was never qualIfied. The requirement for the

aircraft grew , and eventually the need for a more powerful

engine was realized with the design of the H — 4 0 .  When the Bell

design requirements became better known , Lycoming increased its

engine horsepower from 600 to 720 and then to 860 , although it

was f l a t — r a t e d  to 770 to meet the c a p ab i l i t i e s  of the  o r ig ina l
Huey dynamic system. This engine , the T-53—L— 1A , was installed

in the UH—lA aircraft . For the UH—lB , the power of the 5—53

was increased twice , to 960 and then to 1100 shp ; this was ~he

L—ll engine . The L—13 engine , originally developed for the

VH— 1C , was rated at 1-~0O shp . This engine versi~-r. is used in

all the Bell gunships. Development of the T—53 has continued ,

and the  en g ine  is now capable  of p r o d u c i n g  1700 shn , hu t  t here

is no program for it at present.

The upgrading of the T—53 eng ine -  IS characteristic of

turbine engines. It was achieved by a variety of’ -devices that

in c lu de the  use of ’  h i gh e r  t e m p e r a t u r e  m a t e r i a l s  i n  t u r b i n e  com-

ponents , addi t ional turbine wheels , and improved compressor and

state- n- blading to increase pressure and air flow .

B. T r a n s m i s s i o n s

The Huey transmission has had four changes , intended to

upgrade its power—transmission rating. This was achieved by

the use of duplex and triplex bearings , strengthening the case ,

increasing the number of planetary gears , thickening the f±amge-s ,
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and Increasing the oil cooling capacity. Despite these sub-
stantial changes in power—handling capacity , the transmission ’s
external appearance is much the same as the original . These
product improvements were directed developments , related to new
versions of the aircraft .

Transmission development is continuing at Bell with the

intent to provide transmissions that will operate for a reason-

able period of time (30 to 45 minutes) without lubrication.

Thus, if the lubrication system is damaged , there is a good

chanc e of the vehicle being flown to a safe recovery point .

Three such transmissions are now being fabricated for testing .

It is possible that they will be used on a new machine called

the Advanced Attack Helicopter (AAH), for which Bell has a con-

tract to produce vehicles for a flyoff. At the present tim e ,

this transmission development is primar ily TF&D , although there

is some Navy 6.2 support in the developm ent .

C. R o t o r s

The original Bell rotor had a chord of 15 inches and a di-

ameter of 44 feet. New requirements prompted Bell to develop

larger rotors , ranging up to 48 feet in diameter and 27 inches

in chord . These various sizes of rotors were used in the dif-

ferent aircraft , to emphasize performance characteristics that

might be desired for different missions . Other work included

the development of a new high e f f i c i e n c y  a ir f o i l , and p r o d u c t i o n
methods for making the new airfoil , which required higher tol-
erances than did the original. The concept of the new airfoil

was developed under IR&D , but its application to the Huey was

done as directed development .

i-,
0. Weapons

In all cases , the basic weapons were either in existence ,

or they were developed independently of the aircraft . This in—

A cluded the M—6 0 machine gun , 2.75—Inch rocket , 40—mm grenade
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launcher , and such guided weapons as the SS—ll and TOW (tube

launched , optically tracked , wire guided) missiles. However ,
the installation of these weapons on the aircraft required di-

rected development , because there was a substantial integration

problem. This included :

1. The need for turrets and hard points that would pro-
vide an adequate field of fire

2. Avoidance of interference with any of the aircraft
components and structure including damage from recoil ,
muzzle blast , and vibrations

3 . Provision of ammunition storage and feed systems

4. Avoidance of electromagnetic interference with any of
the aircraft ’s electronic systems .

In add i t ion , the f i r e — c o n t r o l  and stores management systems had
to be in t eg ra ted  wi th  the a i r c r a f t .

The development of the TOW system perhaps typifies the pro-

cess of development with the Bell aircraft . To operate the TOW

adequately from an unstable platform , such as a helicopter , re-

quires a stabilized sight . Such a sight development was under-

taken by MICOM , as a prototype conceptual program Independent

of the TOW development . Bell supplied the platform for the

stabilized sight system but otherwise was not involved in the

program . When t h i s  program was comple ted , Bell proposed an E CF
(engineering change proposal) to install the TOW on the A H— l .

The TOW airborne tracking unit , which was different from the

FiICOM unit , was to be used along with a stabilized mirror in-

stead of stabilized op t i c s .  This concept  had been deve loped  by
General Electric for the Cheyenne helicopter , and it represented

an additional capability over the MICOM unit , because the mirror

system could accept any optical signal , including FLIR (forward

looking infrared), laser , and conventional optics.

t The TOW pods and launchers were both directed developmen t .

The pods were developed by Hughes , and the slewable launchers
were developed by Bell. Since the TOW is to be launched from

A-l4
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the helicopter in a hover , and the attitude of the aircraft

will vary with wind and aircraft weight , t h e  launchers must be
vertically slewable to permit launching the weapon at the cor-
rect an gle for “capture ” by the gunner ’s control system. Thus ,
the integration of the TOW system to the aircraft was , In I t-
self , a development problem.

E . S t a b i l I z i n g S u b s y s t e m s

Although Bell built a stabilizing system as early as 1952 ,

no such system was used on any of the }iueys until Bell sold

some to the Italian Government , who needed an overwater hover—
ing capability at night. For this purpose , Bell developed a

system called SCAS (stability and control augmentation system ).

tal s system Is now used on the Cobra , where it improve s weapon:

aiming accuracy and helps reduce drag by permitting the elim-

ination of the stabilIzer bar. Although other manufacturers

had developed such dev ices , Bell decided to develop its own ,
w h i c h  it claimed saved weight  and was easier to i n t eg ra t e  into-

the  h e l i c o p t e r .  Bell c la ims  tha t  i t s  be t t e r  un i t  stemmed f rom
its better understanding of the dynamics of its machine .

F . S u r v i v a b i l i t y  Enhancement

1.  IR S u p p r e s s i o n  System. This is a system to reduce the

vulnerability of the aircraft to an infrared—seeking missIle.

It controls the temperature of the exhaust and engine surfaces

t h a t  might. be ‘ seen ” by a m i s s i l e . The sys t em is h ig h l y  irate-
g r at e d  w i t h  the aircraft configurati:n , and it includes a mixer

to di lute and cool t -he e x h a u s t  gases and  exposed e n g i n e  s u r f a c e s .

2 .  L a n d i n g  G e a r s .  Be l l ’ s pr eco n c e p t i o n of its own supe—

r’ior capab ility to design. components for it- s own aircraft was

bornE- out in the case of landing gears. Bell had suhcon~ racted

the iesi ~~r: and production of the landing gear f o r  the prototype

mach Ines . But it received what it considered to be a high—

wel :’ht ear’. C on s e q u e n t l y ,  Bell developed its own design , which

A— l5

‘ 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- ~~~~~



~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

used an energy absorbe x ’ princip le involvIng the shearing of
metal . This saved 250 lb of’ dead weight .

3. F u e l  C e l l s .  A safety assessment of helicopter opera-

tions resulted in a development of’ crashworthy fuel cells. This

development was sponsored by the Army ’s Av iation Laboratories

and was intended as a retrofit fo’ all Army helicopters , par-

ticularly the Hueys , which were e rposed to consider-able enemy

fire in their missions. The pena lties associated with this

survival measure are reduced fuel capacity, increased errpty

weight (about 130 lb on the AH—lG ), arid increased airframe cost.

4. Armored Seats. During the Vietnam war , there was a

desire  to reduce the v u l n e r a b i l i t y  of the  a i r c r a f t  and crew tc-
ground f i r e . The outcome was an armored se-at deve lopment .
A c t u a l l y ,  the armor ma te r i a l  had been developed ear l ie r  by o the r
manufacturers. Bell designed seats for its aircraft , but sub-

contracted the fabrication to another manufacturer.

5 . O t h e r  S u r v i v a b i l i t y  P r q~grams. Bell has been d e v e l o p i n g
gears and transmissions that are capable of surviving oil pres-

sure loss for  about- 30 to 4 0 m i n u t e s .  Also , Bell  is w o r k i n g  on
programs to reduce the vulnerabIlity of f l i g h t  c o n t r o l  sys~~er .s

and the t a i l  boom . These programs are al l  p ar t  of a general
product improvement program , being conducted partly under IR&D

with some sponsorship by the military service. This program

may result in the development of vulnerability reduction kits

that could be retrofitted to e x i s t i n g  a i r c r a f t . These Bell pro-
grams tend to complement the Army ’s aircraft survivability pro—

gram discussed below under standard items .

G. Standard  Items

A number of items Included in the helicopters are standard

GFE . These include flight instruments , batteries , the starter ,

alternator , motor generators , hydraulic accumulators , and by-

draulic pumps. However , components such as control actuators

are Bell—designed.
A-l6 
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Communication and navigation developments are being

handled through the Army aviation plan , which is a time-phased
plan that is independent of any particular aircraft schedule.

The plan is to develop standard integrated equipment for- in-

stallation in the aircraft. This has resulted in the redesign

of the aircraft , particularly around the instrument panel , to
accept the new equipment . Thus , an independent development is

being done on equipment that is to become a standard package .

Similarly, there Is an Army program for aircraft surviv-

ability, in which standard equipment Is being developed and

procured for installation on various Army aircraft . This pro-

gram illustrates how the Army has created a structure to in-

dependently develop equipment and to standardize It for use in

performing similar functions on different aircraft . The pro—

gram was i n i t i a t e d  as a result of experience in Vietnam with
some of the survivability equipment installed on Army aircraft

and used befo re tha t  c o n f l i c t  ended .

The s u r v i v a b i l i t y  ph i losophy  has th ree  o b j e c t i v e s :  (1)
reduce aircraft detectability, (2) reduce the enemy ’s weapon

hit probability , and ( 3 )  increase the recovery probability. A

c o s t — e f f e c t iveness  s tudy  was done to ind ica te  how these  o b j e c —  -:

- 
tives should be implemented. The study examined the missions

and opera t ing  e n v i r o n m e n t s  for  each type  of Army aircraft ,
making an allowance for the fact that some aircraft of the

same type might not have the same set of missions depending on

their assignment. Various subsystem candidates were considered

in the study. The outcome was a set of specific recommendations

for equipping the Army ’s aircraft with a number of survival

means. These recommendations were translated into a HOC (re—

quired operational capability) for aircraft survivibility

equipment , which became the operative document In this area

after approval by the Assistant Chief of Staff for Force De—

velopment (ACSFOR). The responsibility for implementing this

A ROC then devolved to the Army ’s Office of Research , Development ,
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and Acquisition. A five—year program and a budget were devel-

oped and approved. The survivability program then became a

line item (in fact several lines) in the Army ’s budget , repre-

senting an expenditure of some $500 million through 1980.

This five—year program is related to the individual air-

craft procurement programs , so that the required items will be

avaIlable in time for inclusion in the various aircraft being

procured. In addition , some retroflts on existing aircraft

will be timed to take place when those aircraft are in shops

for overhaul or modification for other pruposes. The program

will develop , test , qualify , and procure equipment and a number

of subsystems for Army aircraft . These include two radar warn—

ing receIvers , a false—pulse infrared suppression device , a

flare dispensing system , engine exhaust deflectors and mixers ,

a chaff dispensing system , camouflage paint schemes , armored

seats , dual control systems , and low reflectance canopies. As

noted above , not all of these items wil l  be ins ta l led  on each
aircraft . Instead , the aircraft will be outfitted with equip-

ment appropriate to their mIssions and operating environment .

Thus , for example , two UFI— l aircraft with different assignments

migh t have d i f f e r e n t  s u r v i v a b i l i t y  equip m ent .

The survivability program cuts across the various aircraft

p rograms , and It must  i n t e r f a c e  wi th  the sys tem program ma nagers
to ensure that scheduling and integration take place as needed.

An officer in the Army ’ s Office of Research , Development , and

Acquisition , who is designated a DASC (Department of the Army

System Coordinator), is assigned to each aircraft program . The

DASC coordinates the survivability and other commodity—type pro-

grams with the aircraft program manager to make sure that the

directives for including the equipment are properly Implemented.

The survivability equipment is being developed independ—

ently of aircraft programs with ( . 3  or 6.4 program funds . As

part of the development work , the equipment is integrated and

tested in the aircraft to ensure that It fits and works properly
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in the aircraft ’s operating environment and that it does not

Interfere with other subsystems . In some cases , the equipment
that is being developed is currently planned for only one type

of aircraft . This Is true , for exrunple , of the flare decoy

system that will be installed only In the CH—47 aircraft . Also ,
the con f igu ra t i ons  of the  various mixers  for  d i l u t i n g  the ex-
haust gasses are highly specific to the aircraft , although the

same engine configuration will be used on both the AH—l and

UH—l . ::evertheless , the developments are under the control of

the survivability program office and are , therefore , independ-

ent developments.

H. Night V i s i o n

A need is emerging for  a h i g h - r e s o l u t i o n  FLIRs w i th  a
nar row f i e l d  of view for  accura te  weap on aiming . Also , there
is a supplementary  need for  a wider  f i e ld  of view for  the p i lo t ,
who must - avoid obstacles while flying low at night . Several

programs are under development in th i s  area.  One is a Marine
Corps program called NOGS ( n igh t  op t i ca l  gun sight). In

add i t i on , the Air  Force uses an opera t ional  FLIR s on C— 130 gun—
ships and the Navy uses one on Its S—3 ASW aircraft . Bell has

no special  par t  in these  programs , but  it does moni tor  them
for their potential for incorporation of Its aircraft.

Another possible Independent development , by Northrop , Is
a gated laser for use with a low—li ght—level TV system. The

intent here is to overcome the limitation of infrared system

resolution and to reduce “crosstalk” between detector com—

ponents.

I. Control System

Bell is developing a helicopter fly—b y—wire system under

I R & D , which might be applicable to any of its aIrcraft.
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V . I N T E G R A T I O N  P R O B L E M S  OF H E L I C O P T E R  W E A P O N S

Hel icopters have a number of characteristics that make

them poor candidates for weapon delivery platforms . They vi-

brate significantly more than do fixed—wing aircraft , and they

have deflection and bending modes that create serious bore—

sighting problems . Since their complex structures have many

modes of vibration , resonance with rapid firing weapons can

cause wild gyrations , if not structural failure , of the heli-

copters . The usual preventive measure is to control structural

stiffness. But it is nearly impossible to tell in advance which

part of the structur e is going to provide the problem . Rockets

and missiles provide overpressures that can erode or damage

structural parts and skin. In addition , they create debris

that can damage the parts of the aircraft . Some weapons , such

as the WECOM 30 , are cons ide red  to have too much recoil for a
helicopter. Because the atoitude of a helicopter is a function

of it s speed , helicopter weapons cannot be fixed in elevation

without degrading their performan sce.

The fire—control systems present some problems , partlcu—

- larly in space needs . The original system was a pantograph

that mechanically pointed the weapons in the  d i r e c t i o n  the
gunner aim ed the sight . The sights have become more sophisti-

cated with a need for an optical path to the gunner. When the

gunner was moved to the r ear seat to improve the pilot ’s ability

to fly “nap—of—the—earth ,” the sighting system that conducted

sensings from a nose sensor to the gunner had to be repackaged.

Since helicopter control is sensitive ~o c.g. location , chang-

ing one component may require changes in the location or arrange—

ment of other components.

Surther work is being done to improve the helicopter- for

night fighting . Devices such as luw—l igh~ —le vel TV and FLIP

have been tes~ e— ~. h-ow Bell has a contract to add the TOW to

‘ 
the aircraft . Actually, this Is not a new concept , since the
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rT- S— l l Wi :-e—guId’~-i m issile had been fir-e d from the aircr’af t
ny  y~- u I - s  ago

V I .  R E S U L T S

~h~- r e s u lt s  of the case s tudy  of the  U U — l / A H — l  s u b s y s t e m s
are lI st ed in Table A— i. Histories of floe subsystem s are -di—

fi t :- three major categories in the table: sour-c e , de-
vel op me n t  route , and requiremen e - The suhhe~~Iiags ~i:ier each

oate gor:.~ Ir d i  cate h~~: each subsystem was derive-i , and t hey  ar e
defined below.

A.  S o u r c e

1. Prime. The prime con actor receives th~ h: Si C C nt ract

for the development and production —-C the syst e : -  , in thIs case

the UH—l series of aircraft , and is resp- -r.s ibl e fir- 1-- deslon

and manufacture of the aircraft , 0-he inte ration . -C all sub-

systems and components in the airframe , including GL E ama CEE
(contractor—fu rnished equipment). Components ar.d. sub systems

that- are not supplied as GFE may be purcha sed b- :. t he  contractor

f rom other’ vendors. However , the pr-inc contractor is res~ on—

sible for the quality of all CFE .

2. Subcontractor. A subcontractor is chosen by the prime - con.—
tractor to supply hardware that is to be used on the aircraft: .

The subcontractor may also design the hardware , or it may sim-

ply manufacture the hardware to the rr -im e cnntractor ’s des ign
and specifications . Normally , tb-c engine is carried as GF E ;

however , the engine is such ar inteoral part of the aircraft

and , in this case at least , Bell and the engine n:anufao-t-uf-er

worked so closely together tha 4 the engine v-is iFh on ly  i n a
formal sense.

/

3. G F E .  Government— furnish€- d equ~ rmr ent i! . -iude s sub systems

and e q u l  prser.t such as ‘ comn -a v ” avi r- r. i cs , survivabi lity equir—

ment , l Ug h t  i n s t r u m e n t s , and ~erta in electr ical and hydraulic

/

~ 
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TABLE A - l .  DERIVATION OF UH- l AND AH-l SUBSYSTEMS

Source _ _  f le ue lop mer- t  Route _ _ _  _ _  Require ment
Product Directed Independent

Subsystem Prime S l i  GE E !~ hU - Imp rovemen t llev 5~~~5 Available p jop~e~t Fir m Pre linl n ~~~ e r r ~
m _ 53 -

7 - 5 - 1 - I A  -

-1-5 -

-7
-9 ., -

-10 - -
— 1 3  - —

Transmi s s i ons
Orig inal -

5~r a l e ~: - .

Fa i l -  ~e - .‘ -

Rotors

Cr 1 Vi na l - - -

‘eu Sizes - -

luew Airfoil - -

rr oductror n e7~~ i -

“eo~-,nS
F rre~s -

Fire C -jnt r oi -

: r Ae - ra t io n -

Sighting I ~r ackiflg - -

t ab l i  Z r - ,

Model - -

- Aved -

l A i r

abr l i t p

— E R Suppress
LW -

La nding Gea r
r el C e l l s  -

A r r - or~~i Seats -

ul n ~ r ab i i 1 t y  Reduction - -

i g h t V i s i o n

SAGS -

F L I P

user-L IL ly -

M i nt Equipment

Instrum en ts

Motors. Ge nera to rs -‘

Accumulator
Actuators -

Com n av

Flight Control
Fl y b y u ir e - I

ilote -~ --,m availab le Items may have been earlier independe nt de velopment.
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operating components. In gener:~l, such eaaip - rr - i-r t Is specif ied
ii: the contract awarded to the prime cent s-actor - , who ~s re-

sponsible fir ensuring that the equi pment Is r-rfi er-ly late

gra t ed  i ate the aircraft . In some cases , hcwo vn-r - , the de-
velopment  p r o gr a m  for  the e q u i p m e n t  may hiove lu~~ed ‘h e ‘ c r 0 —
ing of the  e q u i p m e n t  in each aircraft to er:sur s- taut fl cou ld
be approi r i a t ely  i n t e g r a t e d  and q u a l i f i e d.

B. Development Route

Five p o s s i b l e routes , leading to the de’cr-lc-r : r :ono -of a sub-
system , are recognized here . It is possible that more than -one

of these routes would be taken in developing a particular sub-
system. Moreover , the different routes are not always clearly
distinguishable from each other. In assigning the routes in
th Is case study , a certain amount of judgment has been exer—
C ~~~~~~~~

1. J~ &D (Independent Research and D e v e l o p m e n t ) .  This is R&D
that a c~ ntr-aotor night do the produce new r:ilitary products ,

or to make improvements  to those a l r eady  p r o d u c e d .  I R & D  is
f unded  f r o m  con t rac to r  overhead , a p r a c t i c e  allowed by the
Government. The funding i s  l i mi t e d  to an overa l l  p ropor t ion  of
each contractor ’s defense business and is not supervised by the

Government , except in accountin g for the total.

2. Product Improvement. P r o d u c t  improvement  is a form of di-
rected development that is aimed at in-proving the characteris-

tics of the system or subsystem. Here-, It is dIstinguished from

directed development to indicate that it has improvement as a
goal rather than the accomplishment of something new and , there-

fore , it uses a partial or incremental app roach. Some IR&D

might also be considered to be in this category.

3. Directed Development. A subsystem fits into this develop-

ment category , if it is developed specifically for the first
system in which It is to be Incorporated. Therefore , Its de—

velopnen~t parameters are determined by the program manager , who

A-

I.

~~~~
. 

~~~~~~~~~ •~- — ;
~~ , ~~-~ - - - - .- . - .-. .,A  I--’ - - - 5 -

-‘ 

~~~ I i L I1Ij~~iP~~flt O~ -~~~~~~~~ ~~~~~~~~~~~~~~~~~ - 
-

- - - - - - - -



— ---~~~ - - -
~~~~~~~~~~~

- - ---
~~~~~~~~

is responsible for the overall performance of the system . P r o —
gram managers seem to prefer this approach , because they feel

that they can do a better jot of integrating and optimizing the

system with subsystems designed explicitly for the system .

Howeve r , the development risks are higher and the cost is

usually greater. On the other hand , an off—the—shelf subsystem

is sometimes expensive and provides better performance than a

particular system requires. In such cases , a low—risk , low—

cost directed development might be justified.

4. Av a i l a b l e .  Subsystems become available from earlier devel-

opment s, because they happen to be capable of meeting the re-

quirements for the new system , or because they are standardized

in view of the functions they perform (i.e ., their functions

are general enough for a number of systems to use them). Such

subsys tems  are o f t en  GFE , but they need not be , unless the con—

tract calls for it. Note that an “off—the—shelf” item is not

necessarily sitting on the shelf. It must be manufactured to

an existing design , which means that time must be allowed for

procurement , manufacturing , testing and inspection.

5. Independent Development. A subsystem developed this way is

- developed independently of the particular system to which it

migh~ be fitted. It is , in fact , often developed as a standard

item that is to be fitted to a number of systems , where the

— performance of a common function might be required. Independen t

development might also be undertaken early, to provide a corn-

ponent of a system for which the lead time is too long . How—

ever , thi s presents problems ir: that the requirements mi ght

change dor~ing the system development and , thus , provide a sub—

system designed to- the wrong specificat Ion.

C. Requirement

Three types of requirements for a subsystem development are

A reco gn red.
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1 . Firm. There Is a specifIc require-nc-i t f ~ r the subsystem .

The des in- -i per fc- rroance for the subsystem has beer ni-r-cified

and the uo~ n~-’ system has been chosen , although it may not yet
be fully des igned.

2.  P r e l i m i n a r y .  There Is a general requirement for the sub-

system iii the sense that rgj-r-exlmr-te performance parameters

have been generated , b ut the  sy s t e m  is not ye t  ful ly def inec
and the syst em requirement has not yet received official sanc-

t i o n .

3. Generic. There is a general requirement for the subsystem
function , and equipment developed to perform this function w i ll
be used in several different types of’ systems .

V I I .  C O N C L U S I O N S

Firs t , it is clear that all of the modes we hat-c identi-

fied have occurred In this series of developments of the UF— l

and AH—l. It is also clear that little of what mloht be called

i ndependent development occurred. The only cases in which it

did occur are those in which the subsystems had a general ap-

p licat ion , and so they were be ing developed as standard units

for incorporat ion in a number of types of aircraft . These in-

clude the stab ilized tracking unit , electronic warfare sub—

sys tems , the  “comnav ” system (part of an overall Army avion ics

program), night vision equipment , and surv ivability items . All

other GFE (not including engines) were earlier system develop-

ments. The one except ion is the first Lycoming engine contract ,

which was turned into a directed development after the aircraft

war more clearly defined and it turned out that the original

requIrero~nts would have provided an Inadequate engine .

hh is leads to the first conclusion. Independent develop-

ment ( - a a tr a c t e d)  was not a factor in the developmental history

of the g}i—l/A H—l aircraft. Unless the prIme contractor was re—

4 quloed t.o adap t subsystems to its design , either by contract or

A—2 5
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lack of in—house expertise , it tended to develop what it

needed. There were a few Iten s that the contractor accepted

for- integration into its aircraft , after they had been devel—

coed ; h -wever , these rece ived specIal treatment in order to

make the adaptation. This Included the weapon systems , which

had to be installed in turrets for useful adaptIon to the heli-

copter , and op t ical s ights , wh ich must be carefully integrated

into the aircraft If they are to perform properly .

The second conclusion is that- the standard subsystems used

by the contractor in its aircraft were usually GFE that had

been developed for general—purpose use in Army aircraft. Vir-

tually every other subsystem and its improvements were devel—

-oped by the prime contractor , either under IR&D , product im-

mro-zeroent , or directed development; roost of the  d e v e l o p m e n t s

c o n s i s t e d  c-f m o d i f i c a t i o n s  to the  basic aircraft to change its

characteristics for different mission requirements.

The third conclusion then is that the prime contractor

prov ided the bulk of product improvement developments and tried

to extend its envelope of expertise. Only where a new capabil-

ity was required (e.g., weapon delivery ) did the contractor go

outside his field of competence to obtain the necessary sub—

systems . Even then , there was substantial p-rime contractor in—

put to integrate these new subsystems into the aircraft . Here

also , the degree of the prime contractor ’s contribution varied.

In some cases , It was simply handed a subsystem that it had to

fasten to the aircraft . In other cases , such as fuel cells and

armor , the prime contractor used basic materials that had been
developed by another industrial company as a basis of design

for Its own aircraft . At other times , the prime contractor

worked closely with a weapons system manufacturer- to design an

interface , whereby the weapon could be i nst a l l e d  on the a i r c r a f t .

Some o ther  o b s e r v a t i o n s  are w o r t h  n o t i ng  here . The UH — l

and its derivatives are examples of the impact t ha t  an aggres s ive
A
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contractor can have on the development , utilization , and mod-

ification of a system. Bell tended to i gnore the formal pr°—

genitor of system requ ire m e n t s , the Transportation Corps. In
f ac t , it regarded them almost as an enemy . Bell set up good

work ing  r e l a t i o n s h ip - s w i t h  the users , Army Aviation and Combat

Development personnel. It provided them with Information on

performance and technical possibilities that resulted In the
development of new tactIcal concepts In which helicopters were

employed as a ;naior means of military mobility. These concepts

led to the use of ar-med helicopters that provided mobile tac-

tical firepower . In the course of developing a r d realizing

these conce rts , Army Aviati on ~nd Bell ran into stiff opposi-

t ion fr~ r-. sources th- - t i n c l ud e  the  A i r  Force , the DOD , the
Army ’ s Transpnr~~aticn Corps , ar . i B e l l ’ s corn etitor ’s. The p-ur—

p— a.e of n f l  1mg t h e s e  ev - a t s  t o  not  t o  r a k e  Bell appea r  to b-c

h e ro ic ;  t a f i  - - i c  , it Is or tt c-oa~ to descr ibe t o-v t h i n g s  h a p —

eriM -J In this m art In ~lar case

:h i a  lt - a  mc t o  t h i -  f r  ~r -~ a c o n c lu s i on .  A c lose  r e l a t Y - r s h i p

w f l ;~ the - 
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A P P E N D I X  B

HISTORY OF C H E Y E N N E  HELICOPTER

This section reviews the history of the Cheyenne (AH—5 6A)

aircraft . Emphasis is placed on the genesis of requirements in

an effort to discover whether earlier development of critIcal

subsystems , or the use of a v a i l a b l e  components , m ight have ef-

fected a different outcome .

T h e  h i s t o r i c a l  p o r t i o n s  w e r e  p i e c e d  to g e t h e r
f r o m  a c o m b i n a t i o n  of s o u r c e s , an d i t  i s  i m -
p o s s i b l e  to a t t r i b u t e  com p l e t e l y t h e  s o u r c e
of each piece of inf o r m a t i o n .  The most com-
p r e h e n s i v e  a c c o u n t  of t he C h e y e n n e ’ s his tory
i s  c o n t a i n e d  i n  R e f .  B - 4 , w h i c h  was  u se d as
a ma jor s o u r c e  f o r  t h e  da t a p r e s e n t e d  h e r e i n .

A calendar of events in the Cheyenne ’s h is to ry  is gi ve r In
Table B—l . Appropr iate events are amplified and discussed in

the remainder of the appendIx.

I. E V O L U T I O N  OF THE R E Q U I R E M E N T  FOR A R M Y - O W N E D  A R M E D  HELICOPTERS

• The involvement of the United States in the Korean War in

the early l950s saw the first extensive use of helicopters in

military activity, and it started military planners thinking

about their further use. The m otion of heliconters as firhtirg

vehicles was given further impetus by a “roles anal mIssions ”

—riapute between the Army and the Air Force. A na V or issue in

this dispute centered on the mission of close -air sup -por t . In
the late l95Os , the dispute was temporarily resolved by an agree—

me -nt between the f-ecretaries of the Army and Air Force to re-

strict Army fIxed—wing aircraft to 5000 lb gross weiohc .

ceptions to this linitaf ion were g ran ted  fo r  ~h -r Caribou and the

Mohawk , n -ither of which was a threat; ~o the Air- ~ r r c e  mor~ p o y

4
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TABLE B -l . EVENTS IN THE HISTORY OF THE C H E Y E N N E  H E L I C O P T E R
(AH- 56)
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of the close air surr~:rrt mi ssion . However , in l~~1- , the A ir’ Force

took ovor the (‘an bou as an I n t i - -at h e a t e r  t r a n s p o r t , w h i l e
giving up all claims to helicopters designed and operated for

ir~trathea ter movement and s u p p l y  of Array forces.

In addition to the exclusJve right t o  perf’ :-r : . the close

support fund ion , in a kind of “ --- at ch—22” ar rangemen t , the Air

f o r c e  a lso  re ta i r ie5 . i  t he  right , to ripper- t ion a ir c r a f t  to ails: ors .

The Air Force doctrinal order of m i s s i o n  p r i o r i t y  w a s :  a ir  de-
fense , interdiction , and then close support . Here-over , the
Army had cons iderable skepticism a bou t  the Air Force ’s ca p-abil-

i t y  to p e r f o r m  c lose  s u p p or t  u s e f u l l y  w i t h  the  h i g h — s p e e d  r e t

aIrcraft it was procuring.

Thus , th e Army could neitner select , r~ r- own , nor cont rol

the use of aircraft in supporting groun d orerati c-ns. flatu r-a~ ly ,
the Arr;;y became interested ir~ acqu iring its own armed vehicles.

The 1961 Berlin crisis resulted in an In-c r-eased ‘r ng;hasis

on giving the A r m y  increased ca~ ab-ility to f ’ioht  ma l or wars

both in Europe and in Asia. Pres ident  Kenn e dy ,  interested in

providing more flexibility in possible responses after the era

of “massive retaliation ” , called for  an increas ed t- -udget  for

-- Army aircraft .

Aircraft armamen t at this tin.e was relatively primitive .

Rocket launchers and machine guns had been hard—mounted on the

landing~ skin: of the Uil-l utility helicopters and we-re being

used for suppress ive fire . But— because of the unstable nature

of hel icc-pters , and the -difficulty of controlling at’ i t o - i c  and

speed Independently of each o the r  and i n d ep e n d e n t  l:i of the

wind dur ing hover , such weapon installatIons were in f?ec tive.

In a d d i t i o n , t h e  196 1 gu i d e l i n e s  would  not p e rm it  a r - m i m 5 r  a

helicopter with more than one weapon at a t Ire. Th;a;ht was

being given to the use of helicopter rockets as a kind of

artillery for suppressive fi r - -i , and also to the use of the

PS—li , a French developed wire—guided missile , wh ich offered a
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pr -r:slng way t o  att i~ck small  hare t a rg et s  such  as t a n k s  anal

bunkers.

Several nor-c- ingredients wer-i- a I d Ed  to what was becoming

a b-oiling pot of Army aviat ion. The rnited States was p r o v i d~
ing minor assistance to the South Vietnamese Government . Some

of this assistance involved the use of a few helicopters. But

the war in South Vietnam was not going well. In October 1961 ,
President Kennedy sent General Maxwell Taylor and Walt Pc-stow

to Vietnam to examine the situation. C-n e of the conclusions

of this visit was to call for a larger U.S. effort . lie-li—

copters were to p-lay a ma or par-t I n  such an effort.

II . TECHNOLOGY A D V A N C E S

In the 1950s and early 1960s , a number- of technology ad—

~rances ~o armed helicopters were made . Suitable t ur bi ne enn ines
were developed , and irraroved rotor blades , honeycomb ma t er ia l s ,

and simplification of rotor hubs were occur rime . gohemes fcr

vertical thrust , other  than pure  ro tor  l i f t , w e r e  evolving .

The Army sponsored the fabrication and testing of a nurabe~- of

flight vehicles that used several different principles to

achieve vertical takeoff or T h t . - i i r1g (VTOL). One of these

schemes was the compound helic cater- . The vehicle wa s  equipped

with a rotor for hovering and vertical motion , and a wing and
propulsive means other than the rotor so that tir e rotor couli

be unloaded In f o r w a r d  flight. The compound machine potentially

o f f e r e d  a number  of s i g n i f i c a n t  advan tages  over c o n v e n ti o n a l

helicopters and fixed wing aircraft , while seemingly having

only m inor dIsadvantages of its own . For example , a compound

he l i cop ter  could  slow down r a p i d l y  whi le  a t t a c k i n g  a su r f a c e
target , thereby increasing target tracking tine . By increasing

t i rus t , the aircraft could accelerate while t r a c k I n g  a t a rge t ,
without going into the nose—down ponit ion of convent ional he ll—

copters . The separa t ion  of forward p ropu l s ion  f rom t h e  ro tor
p e r m i t t e d  hove r ing  I n .  a range of pitch attitudes , thereby making
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it easier to aim rockets and acquire the TOW missile after

launch. In addition , the “unloaded” rotor had the potential

for Increased range and speed and lower fuel consumption. Con-

siderable maintenance benefits from “unloadIng ” the rotor were

also expected .

In 1962, the U.S. Army Aviation Laboratories (AvLabs)

awarded rotorcraft research contracts to fir-’e U.S. manufactur-

ers for testing compound aircraft of various configurations .

These contracts had the goal of deterrninging fundamental aero-

dynamic and dynamic limitations , which contribute to performance

limits of compound rotorcraft that employ shaft driven rotors.

One of the five manufacturers was Lockheed , which had built a

rigid rotor aircraft known as the XH— 5lA. Development of this

concept had been started by Lockheed with a radio—controlled

model , which subsequently led to the design and construction of

the manned vheicle . The first f l ieht  of the XE-5lA occurred in

1959 and was followed by a highly successful test pro-gram . By

196 2, the XH—51A had been shown to hr ive satisfactory sta bil ity ,

control , handling, vibration , and stress and loading, character-

istics up to a speed of 175 knots. A dynamic instabi lity I- rob —

lem had been noted under certain conditions of flight , but this

was not considered to be a diff Icult pr-oble ., since the per-

formance envelope could be adjusted to avoid such conditions.

Scaling problems in this characteristic were not antiorriate :.

The results of the AvLabs program xe-re used by the Ar-n :- ‘
~

in establishing performance specifications for the Advanced

Aerial Fire Support System (AAFSS). Continu ing its work w I t h

the XH—51A , LocKheed In l96~ was awarded a contract with the

Army to further evaluate the Xii— 51A , setting a speed goal Cf

about 200 knots.* Up to this po int , Lockheed’ s system was perfo rarir o

By 1969, the XH— 51A had been flown at- speeds up to 263 kn-: t;s ,
a lim it reported to be caused by cornpress ibiJ ity effect - s c-n
the advancing blade . It was proposed to slow down the rct -r-r

4 as a means of achieving 300 knots in level— fli ht speed; even
350 knots looked feasible , if the rot-or could ~~~~~

- s l o w e d  down
s u f f i c i e n t l y .
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well , showing consider-able promise for ac1r1er~h :r1g the h ig h  speeds

rind other characteristics ~e:ilred by the Army in a eunship .

There were riopl icabl e- developments in other fields as well .

SuItable avionics , including helicopter stabil ity augmentation
sys tems , navigation . systems , t e r ra in avoidance , and a va riety

of weapons , were becoming available for armed helicopters.

Army planners and conceptual thinkers had a great deal of mate-

rial to consider for use in future Army systems .

I I I . E N G I N E

The T_ 6 t 4  engine , which was selected for use in the

Ch e y e n n e , is discussed here in some detail , since it was an
early independent rind speculative development that was under-

taken by the Navy in anticipation of multiple system r e qu i r e -
m e n t s .  This  p a r t i c u l a r  GFE s u b s y s t e m  c r e a t e d  no p r o b l e m s  f o r

• the AAFSS deve lopment ; i0 st ead , i t wa s  a pos it iv o a s s e t .

The T— 6J-r engine has been used in over a dozen types of’

::avy and c ivil aircraft as shown in Table B-2. Development of

th is en~ ine was initiated by the Navy in 195E-—57, at a tine-

when there was no specific user for the engine but a set of

poss ible appl icat ion s i n s t e a d . These applications were speci—

Vied in a 1956 Navy Bureau of Aeronautics Req uire -rae -nt (Ref. E-— l )

as a High Speed Assault Transport Helico pter , an 05 -W Helicopter ,

and a Carrier Based AEW Fixed ~oning Aircraft . The Uav~
,’ had in

mind a :aumber of other possible uses for the e n - m e , inc ludino

a replacement for the AD fiehter , but  th ese were no t na med in
the  r eo u i remen~ . The requirement describes tn efly the ri s—

si ons , estImates the wei -hts of t h e  a i r c r a f t , and  s p e c i f i e s  arc
initi al r I t irlo for  the  engine of 2650 hp (military ) and 2250 hp

(n Ir-raal ) . The requirement also explicitly state: that the de-

sign shou ld allow growth in these ratine’s up to 3500 bp and
3C00 hp, respect ively. The development schedule called for-

~ or-hoshafI-. q urt l Fm cation by the middle of 1961 a n-i t ur- b op r ia p

t B— 6
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T A B L E  B - 2 . APPLI CATIONS OF T-64 TURBINE ENGINE
-
~~ ( F r o m  Re f . B- 2)

Max . Ra ted Aircra ft
Dash No . Powe r Desi gnation En gines/Aircraft

4- -1 (— 3) 3080 XC-142A Ti ltwing VTOL 4

j

-

- 
HH-53B 2

-6 3080 CH-53A 2

-7 3925 HH-53C 2

-7A 3936 (Growth version of -7)

-10 2850 SHIN MEIWA PS-i

KAWASAK I P— 23 2

-16 3925 AH-56A 1

-413 3925 CH-53D 2
RH- 53D 2
CH-53U 2

-415 4380 RH-53D 2
CH- 53E 3

-820 3060 DHC-7 BUFFALO

G-222 (AERITALIA)

-P40 ~4OO G-222 (AER ITALIA) 2d

a produced in Japan under license.

b C a n a d i a n  b u i l t  a i r p l a n e
C l t a l i a n  protot y re a i r p l a n e .

d ita i jan production airplane. -

4 b-7
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MONTHS F- F~0l. ~TA ~ T

FIGURE 8-1. Engineering Development Schedule for T-64 En cine

The G e n e r a l  E l e c t r i c  ~-r -op a s a l  to  develop  the  eno ine - in-

c l u d e d  t h e  use  of a c o m p r e s c or -  that (55 had -cove l c~~ei w i t h  it ~
own money. The d e v e l o p m e n t  c o n t r a c t  was a w a r d e d  t o  GE ira 19C7.

Some time aft-er develo arcent had started , the Kavy decided that

the  engine should hay - - somewhat  care po w er -  1:harr was  o r ig i  n a l l y

called for. In t h i s  case , there  w a s  no roe-ed for a a l e - S i g n

change , s i n ce  ~he en - l i t e  was air-cody provi ling a birder i cwcr

-o r-tput . Eventually , the first version c-f ~he eac-ine q~ alified

2010 hp .

Early ira The qualificatio n peri od , a few yr -odloro s ~- : - - r ~- er- —
cou n te red , incj . o -iiro r comb rioto r failure , lubricat Ion d i f: droity ,

and carcrrressor blade weakness. The fi ri n g 1 t  these Ir f-I-a-m s

a Iaie-~ two years to the original develop me nt i to- . ccw-’ver’,

this may have been more of a h -- lp than a hlri dran i -c e , a least

‘55
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t o  the c n t r - a c o o r  ar -s ~e~~h r y s  . he Pr io r y , s i n c e  no - ica i- r.

t a r  the er~ --i r~ - aaa  s- ea rly -,i h-a-t. the dete -ji r en t -  -sos i -~~gi n -~~ ly to
have been co rrir l e ted .  b -ut dur-ing the - ir e  e Xt  e r s i  r , t he  Pao’ y

decided to use the erg ir a - ir . the -aN i—5 3 hello o~ h e r .  It also- was

sele -t e d  for  u : -  in t h e  X J — i - ~2 l i t -w i n g  t r - - r s ~ or - h anu the LdL—7

B u f fa l o  t i -~~n s r  or- ’ . As earl:,’ as 19( 1 , too— t— no i ne was  b e l  nrc

flow n it .  a ‘~ - :t—Lr-u PHd—- - ~~~~~~~~ a ~~~~~~ Fl :-:-- r r-: r ai r cr-aft

t h at  th e  dr - tr y w a n t e d  to  u -ce as an toot r - a t h e a t r - r -  r -o-a- r a r t  - The

C - r n i f - o u h ors - r - t - - 1 nally been built r-:i th pi : t o n  e n gi n e s , whi

p r o v i  ued rto  h -s rae -ui ac re  p e r f ~o - - r - r n c e .  ~1 itb  t he  t u r b i n  - -  nod :o-s ,
i T .S  p e r - f o r -r a r i n c e  was t o r  t l e  sh no of r i r - -o t a c u l a r , rir- t icuThr ’,-

its short—field capabilities. How~-r~-~-r , th is -air-~ ~:t  b e c a m e  a

vi ct ira of the droty/AIr F~o--:e “ ro les  and m i s s i on s  c i i s pc te  a n d

nev er’ survived The p r o t o t y p e -  s tage .

A N avy  19u3 annua l report (Ret . P-—3) shows that there ;-o—re

no s igr i i  f ’i c a r . t i i f f r — r e r ces b e t w een  ‘he  o r i g in a l  e r - fo r r nam- r e ‘ia lu s

of the  ero r i n e , OrS  conceived in 1950 , ~ o : t he  va lue s  t h a t  w o u l d
be c h a r a c t e r i s t i c  of f l e e t  t~~( ~ eng i  nes , excer t in the  e ng in e
w e igh t s .  The t u rb o c h a f t  engine  was 2 f f  l i r c h t e r  Than t h~— o n i g —
h a l  requ irement , and The e u r b op r o r :  cm ine woo 0’ heavi s~r.

Moreover , the development cost , despite the- n e a rly  tsr — r e a r

55 
l a y ,  w as less than 00 over  t H E -  es eimat ci cost.

In the follow—on program , the cnn r r ~ was sac r o s s iv e l y  up —

r a t e d  se -t ea -a l  t i m e s  t o  a f i r ol va lue  o ’ i - t o O  hr. This - rcw ’h

was ach ieved  p r i m a r i l y  by c o o l i n g  tor e “ rs ’— s t - r ~- tunttore r e on
and stator. Possible growth beyond 5000 hr is considered pos-

sible by cooling the- second—sta re turb ine . to-r:ist - ’rc t with

the mul ’iuse requirement , the T_fT d era nines were cua li fi- ’d ~c

orer a 5 e at from 100 decrrees nose—ar ~o ~ f Jegr-~e: nose— i- rim .

E v e n t u a l l y ,  T_ fti varian t s were used in a nor--h en of versions e~’
t he H — 5 3  hi- 5 ic o p t e r  and  s e v e r a l  o t t o - s  a p p l i c a t  i r n .

F e b r u a r y  l9 7 d , a t o t a l  of 18-00  T — 0 - -  e n n i r o c - s ha d  b- er r r ’ to:ed

in ‘Jo U n i t e d  S t at e s .  In a t i o r .  , r is: 5 or: w a s  l i c - - r sod  it:

G e t - m a n y ,  I t a l y ,  P - s - i ’  a i m , and J-apar .
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By tire irae the f-he yenne competition was started , th e T— --

-- ‘as f a i r l y  w i d e ly  used and tin -- Cheyenne requ is-er oonts were r-,’-oll
w i t h i n ,  i t s  range , eveni a f te r  t hey  had been c h a n g e d  fr- - it a t - c u t
TL~00 to over 3900 hp. The f h e y - a - r rr e application involved only

some re packag ing of the  gear ing,  which repr-esented a nIt. -n
change for ’ t h i s  eng ine .

IV . DEVELOPMENT OF THE RE QUIREMENT (Refs . B—14 , B—5)

In A u g u s t  1962 , t h e  Army T a c tt c a l  M o b i l i t y  He ou i r ’e roc - ro t r -
R e v i e w  Board (a lso  k n ow n  as the  Howze Board fo r  t h e  G e n e r a l  w h o
was cha i r m a n ) ,  ca l led  for  increased a i r  n o b i l i t y  fo r  Ar m

~,’ u n i t s
through the creation of air mob ile fighting units. The- Board

also recommended development of tact ical air vehicles , includin ro
close  supno rt a ’rcr-oft . The Bell Helicopter Corp. , usirso IR&F:
funds , developed a prototype integrated gunship , using as a test
bed its model  20 7  ( H — l 3 )  Sioux Scout , which was an Army recor.—
roaissance vehicle . The prototype gunship had t r io - P — 6 o  m a c h i n e
ru n s  installed in a chin turret , which had bee -n developed by

Emer son E l e c t r ic.  It also had tandem seating and side—arm con-

trols , thereby prov iding a space for a gunner ’s sight . D e s p i t e
the  P a l l  deve lopment , no e x i s t i n g  a i r c r a f t  was c o n s i d e r e d  ca-

pable of meeting the requirements that had been expressed by

the Howze Board. The Army thought about procuring an inte nir - .

machine , which would involve some modi fication of ex i st i r - a ir-
c r a f t . However , in 1963 ,  Army S e c r e t a r y  V a n c e  i n s tr u c~~ed ‘h- c

A rmy to “lift its sights ” and to  develop an optimal aerial w e - —

pons system . In June 1963, a r - o 0 e c t  management  o f f i c e  r i - s
es t a bl inh e d  for  the Fire Aer ia l  supp or t  Sy s t e m  ( F A S S ) ,  wh i ch

la ter  became known as the  Advanced  Aer ia l  F i re  Sup y ort System

(AAFSS). In October 1963, Secretary Vance requested the

Depar tmen t  of D e f e n s e  to reprogram ab o u t .  ~2.5 mil lion It .  l - Y  6t~
funds  fr - cm the  t o i t e r in  to the advanced  program .

n -b
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The AA F SS requirements specificatior . process began In

1963 with t h e  establishment of’ a (MDC (Qualitative Matental

Development Objective .) This QMD( , which was approv es i n  A p r i l

19614 , would be evaluated for technical feasibility and cost—

effectiveness. The various possitle perforr-:-rnce factors and

capabilities would be traded off , in  an a t t em p t  to  c r e a t e  an

optimum system for the missions and environments that were i t . —

visioned. Following approval of the QMDO , the Army war s to fir-i:

up the requirement for the system and to develop the over-all

specifications. Project managemer t responsibilit y was given to

the Army Materiel Command . BecauEe the Ar -my was ander’go-ing a

reorganization at that time , the ~AFS S pro 8-ect manager was also

given responsibility for- formulating the concept. This stage

of the program was supposed to result in a ~ualitative Materiel

Requirement (IgiR), which would then be followed by a Program

Change Request (PCR) requesting Congress to authorize the new

nrogram and to appropriate money for i t . A detailed plan fm

accomplishing the program , called a Technical Development Pr - c—
gram (TDP), would also be developed. However , t h is sequence

was not followed for the AAFSS. The PCH and the TD P were f irs t

submitted In November of 1963, which was before t h e tHOR was

approved and even before t he  Ar-:Dc was approved . The QER itself

was  not approved ‘until November 19011, sever-al months after the

Program Definition: nror-osals ha-i b-nc r s sbmi tto--d. An in—process

review held in Jan :riry l9(( establish:- d ‘hat the Cheyenne would

meet all stated ren aL - - a n t s .  Th is :‘i:ding came about -ierp lte

the  f ac t  t h a t  new r e qu i r e -n a - n ’ s , par t l~ - - l a n J y  in g r o un d  s u p p o r t

and test equipment , had already began to a y ’ re ar .  I h i s  r e s u l t e d
f ro m t h e  Ar -my ’ s accelerat iron tl. c rr’c,i ect • r-artly in response to

the Vie tnar r .  bu i ldup- .

The m i s s io n s  e n vi s i o n e d  f o r  the  AAF :- :  I n c l u d e s  e s c o r t  of

air mobile columns and their pr- cte ct i -n during l a n d i n g  or e’~ac—

( uatio n of an obiective , surveillance and securi ty (Ir-aludin o re—

A connaissance by tore), an d hlrch ly (sioar-ln.i n at cry fire in ClOS e- 
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p r o x i m i t y  to  ground fo rces  ( i n c l u di n g  a n t i t a n k  f i r e ) .  The ca-
p a b i l i t y  to  p e r f o r m  a 50-nmi r a d i u s  assault mission under IFR
conditions was desired. The close support role , although the

Array wa-s careful not to call it that , was to be integrated

under the control of the ground force  c-cnrni ander with ground

we apon s y s t em s .

The s y s t e m  concep t  fo r  a c c om p l i s h i n g  t h e s e  m i s s i o n s  was a
helicopter escort aircraft capable  of f l y i ng  at rr -ound level
(“ nap of the earth”), in: virtually all w e at h e r  c o n d i t i o n s , at

speeds of 210 to 220 knots. The machine was also to be ca-

p a b l e  of h o v e r i n g  for  the  p u r p o s e  of t r a i nin g  weapons  on g r o u n d

targets for extended periods of time . This characteristic re-

quired an automatic stability and control system , plus flexible

weapon systems capable of being trained on the tarnet regard—

less of aircraft attitude. High maneuverabil ity was essential ,

yet the aircraft needed armor to protect v i t a l ccmpo n~ents.

Hard points were required for ordnance and extra fuel

t an k s , since self—ferrying from COILS to possible theater s. of

war was envisioned. An advanced avionics system , such as the

Navy ’s IliAC (Integrated Helicopter Av ionics System) , vt—uI-i be

needed for the 50—nrai radius mission. Cther k inds of n~-eded
equipment included a doppler navigation system , as ricI an ter-

rain avoidance and terrain—following radon system s . Ira

tion , the aircraft had to fly fast enough to be capaLto~ of
escorting heliborne forces. The CH—147, one of the p rin ci ra l

vehicles used in transporting helibc -r-ne forces , had a ma ximum
speed of 1611 knots and cruised at l~4l knots. The escort aIr-

craft were required to be faster . A dash speed c— f 220 knots

and a cruise speed of 210 knots were the original development

goals. Later , these were reduce-al to 212 and l9(- knots , re -spec —

tively , an d  then to 200 and 186 knots , respectively , as the

The-r ae d i f f i c u l t y  of a t t a i n i n g  such  s p e e d s  in the  AA FS S v e h i c l e

b e c a m e  more appa ren t .
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The AAF SS had a dua l  p u r p o s e  t u r r e t , w h i c h  s- as c a p a b l e  of

using either a 7 . Si—nra minigun or a ~L—mm gre-maine launcher- . It

was also equipped with a belly turret for a 20— or 30—mar t cannon.

Both of t he se  t u r r e t s  were  t r a i n a b l e  O r  a z im u t h  and e l eva t i o n .

Optical s i g h t s  w ou ld  a u t o m a t i c a l l y  t r a c k  a t a rge t  a f t e r  b ein g

l o c k e d — o n .  The turrets wer-e slaved to these sights. Also , the

gunner ’s seat- could he turned to per- cit the gunner to follow

the target.

The Army had also to-en considering an automode version cf

the AAFSS tha t would have additional capabilitiem , such as au-

t o m a t i c  f l i g h t  c o n t r o l  and s t a t i o n — ke e p i n g  c a p a t - O l i t y .  Eat  the

cost and we im ht of the equipment for these capabilities s-:-rre

considered t o  be too grea t . I ni t i a l ly ,  n i gh t  v i s i a n  w a s  not

par- s  of  the  c ont r a c t , an d a p a s s i v e  IR sys tem w a s  s e l e c t ed t o

pr o v i  Ic some n i g h t  c a p ab i l i t y .  Howe r er - , when  t h e  ro l e-  of

k i l l i ng  m e c h a n i z e d  v eh i c l e s  was added , t h e  ‘2GW m i s s i l e  and a

n i g h t  v i s ion  s y s t e m  were added to the  requ i red equ ip m ent .

There was i n s u f f i c i e n t  t i rc e and s t a f f  to a d e q u a t e l y  s t u d y

the A~FSS requirement in the various cognizant offices of the

Army . These offices had authority to add requirements w ithout

supplying the necessary funding , but unfortunately tne Ar my

had no effective mechanism for eliminat ing require -cents that

accumulated during concept formulation. No one in the A r m y ,
except the Chief ml ’ Staff , had the authority to eliminate an

unnecessary or unwise requirement. (Although the prcg~ect

manager may want to eliminate unnecessary items , be cannot

without an agreement fr-ocr the generator of the reosirecent , an
action that is not likely to happen.) Thus , the req si:-cc ’-s:ts

tended to grow during the Project Definition Phase and ever: up

to  t h e  i s suance  of the  b e l a t e d  AMP . By t hi s  t i r e , t r e m e n d o u s

m o m e n t u m  had been b u i l t  up in the program , espe cially with In

the Army , and it would have taken a great eff- s-t. -
- 

inter fer e

at such a point .
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V . T H E  A A F S S  C O M P E T I T I O N

The AAFSS was to  be developed  and p r o c u r e d  urn-icr a s c h e m r r-

of “ T o t a l  Package Procurement. ” Although the reqiui :-c c~~rt was

Initially biased tcs- jar - O a c nr -~~nund helicopter , It was later

changed so as not to i r-eclude tiltwing and tiltengine config-

u rat io n s .

Twe lve  p r - o p  -sa ls  fo r -  t he  AAFS S were received by the Army ,
of which r ime s e-re f o r  v a r i o u s  t y p e s  of conw o-und hel  I centers.
The o t h e r s  w e r e  t i lt p r o p e l l e r  or t i l t w i n g  a i r c r a f t , ors w h i c h
prototype developments were or:gcing.

On 1 March 1965 , Lockheed and S i k o r sk y  were selected to

receive c-cntracts for the “Protect Definition , Phase ” of the

program , whO oh was to last six months . Since both Lockheed

and Sikorsky had proposed rotar y— wi n g type mnan- i - i r - - s , t h e -  Arr ay
apparently had i-e l ected t h e  configur ations that inv~-lved 51:-n- I

wings . Not  least among the reasons f o r -  r et  ect  ing fixe -- I:
aircraft was the old Ar-r ay/Air Force “roles and c.O :sions ”

agreement , which lim ited Army fixe :swirg air- c raft a - e i g h t  to

5000 lb. The Army feared that a Ii xe-dying cor :figurati on w o u l d

run into Air Force opposition , whereas a ro tor cr- aft w ould be

-- 
much -more difficult for the Air Force to oppose.

Representative Otis Pike had this to say about the Ar ray ’s

selection : “ . . . the Army has chosen to go (the compound

helicopter) route because the tc- n of it goes round and  r o u n d

and they know they are not going to get in 4 o the roles and

missions fight- with the Air Force if they go the helicopter

route. Whereas if they go the fixe-dwing route and call i t

close air support—— see , anythim g that goes round an-al rourd

provides suppressive fire , this is p a r t  of t he semantic ritual

that we go through , and anything t hat has fixed s-:ings and

4
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shoots the sam e guns provides close air support——and this the

Army is not auloweil to do .’!*

There were additional reasons for not selecting tiltwing

or tiltpropeller aircraft . These technologies were  not as well

developed and , hence , not as l arailiar as rotor technology .

Also , these VTOL configurations generated higher downwash ve-

locities that would intensify the problems of operating fr-on.

unprepared fields .

After the evaluation of the m- rc --t ect definition phase

reports , Lockheed was selected f o r  e n g i n e e r i n g  d e v e l o p m e n t ,
because its vehicle included t he  r i g i d  r o t o r  t e c h n o l og y , pr - on:—

ised lower costs , and its mana gement- proposal was considered

to be superior. On 3 N ov ember 19(5, Lockheed was chose n t o
build t e n  AAFSS protot yres. **

Under the total packa ge- r :r-ocur-er :Le-nt plan , Lockheed assumed

total responsibility for logistical sunpa - r-t and program manage-

ment and gave performance guarantee-s. However , there were no-

predetermined penalties for “failure to achieve ;” instead , the-

contract called for “equitable adjustment ” . Correction of de—

ficiencies after delivery of the aircraft was also provided for

in the contract.

Also included in the contract was the production option , 
- 

-

which gave the Government the right to rurchase 375, 500, 1000 ,

or 1500 AA FS S vehicles at specified pr -i ce-s. These prices do-

pended not only on the number ordered b u t  also on the delivery

Rep. Otis Pike , Hearings , Armed Services Comn ittee , Hous e  of
Representatives , pp. 8183—81811, 8 Marc h 196 1 .

** In the public announcements made of this award , Lockheed
claimed : a rIgid rotor was needed to provide a stable ~1at—- - form for ar-name-nt ac csr-acy, with a spec -i pos siti lit y of a b o u t
350 knots , and at a unit price of -~5OO ,000 In a large p - rn—
ductlon run.
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schedule . More significantly , the speci fied I r-ices also in—

ci ’e~~seJ  each day t h a t  t he  du ve m’ r c r r e n ’n  d e l r -~ved in signing the

p r o d u c t i o n  c o n t r a c t .  A f t e r  31 December  19(7 ,  if the Governoent

had not  s igned  t h e m on t r a c t , t h e  p r i ce s  would  be s u bj e c t  to

complete s’entcgc~ i a t i o n.  This  l a t t e r  r- m - an- ’i s ion  held  w h e t h e r  or

not L o c k h e e d ’ s perforr : iance  on the development contract wri t

s a t i s f a c t o r y . This  a r r a ng e m e n t  was to  lead to maj or d l f ’ f i c u l —

ties for the  Army .

The rigid—rotor technology , which was one of the features

the  Army j udged  in :po r - t an t  in awarding the Cheyenna - development

c o n t r a c t  t o  Lockheed , had worked  we l l  fo r  the  X H — 5 l A , a l t h o u g h

the aircraft had exhibited some problems of instability and

lack of controllability in certain flight regimes. Other’ heli-

copter manufacturers had tried rigid rotors and had abandoned

them. The dynamic characteristics of rigid motors were n~at

completely understood at the time of the contract award to

Lockheed. But in 1965, no one felt impelled t o -  c h a l l e n g e  t h e
award to Lockheed on this technological question , a circum-

stance that would have tragic and expensive consequences.

Meanwhile , although the Army had decided to forego an in—

terirn armed helicopter , events were working to offset that de—

cision. Commanders in Vietnam were requestino interim gun~sh ips~
not be ing  w i l l i n g  to w a i t  f o r  the  AAFSS , w h i c h  w o u l d  r o t  be
operational before 1968 at best. When the 1st C a v a l r y  D i v i s i o n
was dep loyed  in Vie tnam in t he  summe r of 1565,  t he  i r : te r ’ir -
armed helicopter became a combat requir e-rae -nt . The D e l l  I i uey
C obra was chosen for  th i s  role , beca urn -- ~t c o u l d  Th a v ai l ab l e
in a short time (it had already been len: - n st r ’a t e d  in T i e t n a n : ) ,
and because it had a great deal of comrac-ns1~~~I,-- w ’lth t h e  C l i — l

systems then being used extensively in, Tietnars .

3
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VI . CHEYENNE DEVELOPMENT PROGRAM

The Lockheed Xi: — 5r5 (Cheyenne ) deveoonn:ent pr-ograra s t a r t e d
off well , with the first airframe rolling out and static test-

ing getting star-te d ahead of schedule . Progress at rollout

time i n d i c a t e d  ch a t  a l l  o b j e c t i v e s  would  be n e t .  The f i r s t

flight was also ahead of schedule , and no significant hardware

prob l e r s i s  had y e t  appea red .

As t e l  earlier , the p r o d u c t i o n  p r ice  of the a i r c r a f t
w o u l d  in c r e a s e  for  each day t h a t  t h e -  p r o d u c t i o n  n o t i o n  was n o t

exercised. The 0-clivery schedule would also be slipped cc- m r-es—

s-ondingly . ihe first barrier to exercising the- option was lack

of funds , because the Department of Defense withheld then . The

DOD wanted the Army to avoid a commitment , at least until after

the air-cr-aft had f l o w n  and systems testing had been initiated ,

t h e r e b y  p r e s um a b l y  m i n i m iz i n g  the  r i s k .  Moreover , the DOD

wanted to obligate funds at the slowest product ion schedule ,

w h i c h  meant  t h at  t h e  a i r - s t  p r o d u c t i o n  v e n i ci e s  a c -a la  no t  b e c om e

a v a i l a b l e  u n t i l  1970. In u rg i n g  the  slower  p ace , the Secretary
of Defense noted that the Army had yet to develop an inte—

grated force plan for the Cheyenne .

- The Army was in a tight position. It had no funds to coma -

c i t  fo r  p r o d u c t - i o n  and yet , if i t  did  rot r , :±ke such a commit-

ment by the expiration date , it would eventually he forced into

a sole source negotiation. When the expiration date passed ,

the A r m y  c o n v i n c e d  Lockheed  to  e x t e na  the  o p t i o n  per -ic- -i fo r  a

short tOrt e , dur~ ng which a last—d itch negotia t-icn was held wIth

t he  DOF . The o u t c o m e  of t h i s  n e g o t ia r i o n  wa s  t h a t  DOD w o u l d

permit the Army to exercise the option , tut the A r m y  wcul-i have

to  r e p r o g r a m  the  a n n e y  f rom i t s  c u r r e n t  budge t , s-: I : i  oh meant a he

d e l e t i o n  or r e d u c t i o n  of o the r  programs . The pro-gram that f-:-lt

the p i n c h  the  most  was  the A N — i  Cobra , w h i  oh had been  p l a n n e d

as the inte r-ic. gunship .

-4
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V II . TECHNIC 4L PROBLEMS

A t the t i c~ .- the Cheyenne production option was exercised ,
the - i e v c l cp - r ae r : t  program appeared remarkably trouble— free . But
by May ls(8, a few m o n t h s  after the product ion contract had
been sign ed , technical difficultie s started to appear. In  May,
a Cheyen nE- manic an emergency landing after the pilot noticed

something ;-:r-ono. The landing damaged the rotor and fuselage .
In August , the rotor’ of a test aircraft struck the canopy and
fuselage . These were early hints that gyro— induced rotor in-
stability would occur in t he  Cheyenne  flight envelope , al though

it had been possible to avoid them in the s m a l l e r  X H — 5 l A .

The problems were severe enough for Lockheed to convene a
Blue Ribbon Coracri ttee to advise it on the rotor instability
proble m . Some m em b ers of t h i s  c o m m i t t e e  adv ised  Lockheed  to
study the problem analytically and in a wind tunnel , before

deliberately provoking the conditions in flight. U n f o r t un a tely ,
t h e  advIce was not heeded. To comeounci the error- , Lockheed

also f ile-i to install cres- - escape e q u i r r € - n t  or t e l e m e t r y  e q u i p —
rae-nt in the test aircraft , orOssions that were to result in,

tragedy.

Other problems were related to the performance of the air—

craft . The addition of the TOW missile increased the drag sat-—

stanti-ally over the original Lockheed estimate. More po --rer was

required , but this put the transmission under greater- stress

than had been antici r-ated and caused considerable downtime ,

thereby stretching out the flight test program.

A v i o n i c s  p r o b  lens- were ale-a appearing. The AH— 5 (A h a d  a

hi gh propor t ion of GP’E , an-I a numb-er of pr -ak ier :s o c c u r r e d  i n

i n t e r f a c i n g  t h i s  equi p - r :ent w i t h  the  a i r c r a f t . The s t a b il i t y

-
‘ 

augmentation cy s t - on  and t h e  w e ap on s  c on t r o l  s y s t e m  were  the

most notable cor.triLotors in ~h is regard . The o m a r u t e r , w h i c h

h a d  been adopted from the Navy ’s i HA S (inte gr- ot -- l h e l i c o p t e r
au - r i - m s syst~ m) program , was also exp~- ri o r c i n o  rLall funct ions.
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Lockheed claime d that OPH der ’! -ier cies were ~~ L’~ blamed for-

s l o w i ng  progress err the hell cc l tea- developm :ent program .

In r e s p o n s e  to these  d i ff i c u l t  i~ s , a system raa r~s ’e-r office

was c r e a t e d  by the  Army . T1 ,O s office was to monit or the pr-c—

gram ar,d resolve -dif fi culties as they arose. The O r- p-o r t r ce of
the program to the Army was indicated by the fact that it r arcea

a major general as the system manaver .

On 12 March 1969 , one of the Cheyenne prototy p es exrloded

in mida ir and crashed , killing the r-ilot . There was some

evidence that this was a flight enve lore expansion mission ,

although Lockheed claime d it was not. On April 12 , the Arra y
sent  Lockheed  a “cure ” notice on the product ion contract , wh ich

listed 11 i t ems , not all  of wh ich wet-c related to the gyr oscc -rc—

rotor instability p— r --:blem . The contractor was directed to reply

within fifteen days. Lockheed responded with a ~i30—page report.

In a d d i t i o n  to t e c h n i c a l  d i f f i c u l t i e s  that occasioned t h e

Ar-my ’s cure notice , the Lockheed contract- costs were snar i ng .

The R&D costs of the 10 prototype machines had  risen to $193.5

million compared with the oririnal estiroat e of $77.5 r:illicn .

Moreover , despite the “fixed” p r i c e  c o n t r a c t , p r o d u c t i on ,  v e h i c l e
unit costs had reached $2.2 mill ion from $992 ,000. Lockheed

blamed this primarily on the delay in ex - r - ai simo t -he -  rroduoti on
option. It stated that although it hat extended the an ti a—n at

the request of th~ Army , the subcontractors were root obli outed

to do so and , therefore , Lockheed could not guaramt --e its sub-

contractors ’ prices. Lockheed wanted to neo’otiate a new con-

tract , while the Ar m y w a n t e d  to ma in ta in t he old agree-fl—upon

unit price.

Since the proposed fixes did not- c o n v i n c e  lo - Arm y that

Lockheed could solve the - technical problems or mee t h e  r o o m —
iced -delivery schedule , and since- costs were ber o -m ri ng exces sive ,

the Army t-emn ,i n-k ed the pr-od uct i on contrac
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The t e r m i nat i o n  il the  Ch e y en n e  t o ’ - r - ~ct  ‘ 
- n resulted In the

re lease  of Cu r ds f u r  o ther  p u r - ~ oce s , in c  a -  A rrr~,- soon con-
t r a c t e d  w i t h  he l l  fo r  an o t h e r  200 Cobra  g u n s h i p s  f-cr  Vi~ - tn ar : . .

V I I I .  C H E Y E N N E  D E V E L O P M E N T  C O N T I N U E S  (Refs. B-6 , B - 7)

After the fatal crash on March 12 , Lockheed ana the A r r r y
tried to restructure the program . The contract a-as rewr itten ,

and perf orr-ar: cc specifications and sehedulo and coot projections
were made more realistic. H oweve r , thi s re-str-aotur -ing avoided

the resolution : of’ the dyn :roic—syst err f r ~-t lem - .. ‘She problem ha d

~ been identified as being causes by the ir a h - i li t v of the mechan,—
ical gyro system to c i  f f c rer , t i - a c  t - o - t - 4-o a rotor f l ap p  ing ar,d

inplane rotor motion. Under certa in cor - ,d~ tions of flight ,

which  u n f o r t u n a t e l y  were w ithin the desired envelom e of the-
Cheyenne , this contamination of the y,7ro si lnal would result

in a r a p i d  divergence of the rotor’ blade and es of a t t a c ~-: a n d
cause the r o t o r ’  to go out of control. In t he  A H _ 5~UO , - h i s
h a p p e n e d  so r a p i d l y  t h a t  t h e r e  w a s  no o p p o r t u n i t y  f o r  t h e  p i l o  -

to  c o r r e c t- t h e  s i t u a t i o n  a f t e r  t he  conditi on had started .

Lockheed proposed to deal with thi s problem by develak irag

an advanced control system , which was capable of d i s c r i m i n a t i ng

— b e t w e e n  the  two c o n f i i c t i n r -  in l ut forces. However , br-crea se

contract litigation was going on in which t h e  p r i m a ry  a r ea  -a- f

content ion was the rotor system , this solution to the pr ctlem

could not be contract-ed for di re ctly, since it m i o h t  u p r o a r

that Lockheed would be adma ittir u to the d e f i c i e n c y  in the

earlier rotor. Eventually , this new control system was level-

outed by Lockheed as a rotor irai r-ovement program and it w o r k e d

well (Ref. 9 — 8 ) .

Coma -a other facts bear on the outcome . I-ic-st of the CFM

came from the vario us Army Commands . The Avicn ics were supn iled

by EC (l-T , a-cri b -m s by AHHCOM , t -:S VO by MICCIt , and aircraf~ sat- —

s:,stems by AV~ -f OM . C ince the AAMS S was in fact an a iva raced
—4
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concept , very little star —lard -~~ui !r;ient was b e i ng  use—I . In

fact , so me equ ipmen t (e.g. , commu - c- ic o ro gear- ) ha—s rot ra e- c c- rae

available yet. H e n c e , -;h en d i ? f i cu l t i ~~s s t ar - t e d  to  emerge , t he

gene ra l  b e h av i or  w i t  rain the Army was to avoid a d m i t t i ng  to  any

er ror  w h a t s o e v e r - . The Army believed t h a t  in  such  an. i n t e g r a t e d

system any a d r r a i s s i o r ,  of b e i ng  wrong a n y w h e r e  w o u l d  i m m e d i a t e ly
— make the Aor:c4- responsible for the contractor ’s overrun .

Lockheed continued its work with the Cheyenne w ith sc-me

hope tha t the difficulties would eventually be ironed out and

a later production decision might be m a d e .  The m i s f o r t u n e - s

continued however. On 17 Septer :ber 1969, a Cheyenne protot ype ,

which was being tested in the Arces low—speed wind tunnel , clis—

integrated , injuring two techn icians and destroying the 1t-th

prototype vehicle. Efforts continued for about two racr- o years ,

during which time a base of knowledge about rin d rotor charac-

teristics was built up. In 1971 , the Arr a y again turned down a

production decIsion on the AH —5 fA. In 1972 , all efforts or, the

machine were abandoned and Lockheed went out of the helicarter

business.

IX. C H E Y E N N E  SUBSYSTEM D E V E L O P M E N T A L  O P P O R T U N I T I E S  (5 ef. B-6)

In this section , we examine the hi story of t h e  SA M SU , as
recounted above , for opportunities in which early or indepen—
ient development - of subsystems occurred and t o  deterraine whe th er

such developments :-: i ght have been beneficial to the program :..
Th i s ap~ roach is taken w i t h  c omplete r e c o g nit i o n  of i t s  af~ c r —

t h e — f a c t  n a t u r e .  In h inds igh t , one is bound  to have a t et h e r -
pe r s p e c t i v e  on the  d e c is i o n s  tha t  were made , wi t h o u t  o o m p e n s a t —
ing empa thy  fo r  the  p re ssu r ’ i -s  and s i t u a ti on s  tha t -  were f o r c in g
such d e c i s i o n s .  ~- e  m a k e  t h i s  e xam i n a t i o n  s o l e l y  to  h e l p  gem: —
er-ate gu i d a n c e  fo r  the  f u t u r e  and not as :i c r i t i q u e  of  past

actions.

-t
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A. Air [‘1-ri r d f—- D m a n i c  .‘ -~~ a - ’- Po rn

The dynamic a y s ‘ ro , inc lud i  rag t h~ r o t c  r’ , nowor gear-i rg

and controls , a-as a ma,~or basis for Lockheed’ s award of t h e  do- — 
nt an-i p -i-o-i ucti --:n con k a-acts for- t h e  A AF S S .  A l t h o u o }a

rigid rot -ar -s had been conceive d ty others at an earlier tiu,e ,

no one had :- -a-i ously proposed their use before Lockheed dial .

The rigid rot -ar concept , the- first model of’ whic h fi~- ct fl-ow

in a test—bed aircraft in 1959, ar r-eared to be a b r e a k t h r ’ u gh
in aircraft dyn ami c systems . Testing on the -IH— 5lA ar.i ot her

Lockheed aircraft was very successful and indicated a great

poten tia l for  the  conce p t .  At this point , about 19(2 or 19(3,

the Army might have initiated the -development of a family -of

rigid rotor dynamic systems . The first systems might have been

used in the AH— 56A , w i t h  other a-erosions earmarked for use in

future helicopters and perhaps even retrofit ted to existing

cr i e s .  Even f r - e ra  the  cu r r en t  t ime  p e r s p e c t i v e , t h i s  does not

seemra to be a particula r ly gool idea for  t h e  fo l loor i ng r e a s o n s .

a. The research on rig~d ontors was iro c -map - l ete , and
state of the art would raut support faliscale devel—
opmenb of this tyae of system.

b .  R e t r o f i t t i n g  to  curm -ent aircra ft . ;-:-~u1d need substan—
- tial study , since helic opters on i t h e ir  systems are

h i g h l y  i n t e g rat e d  m a ch i n e s .

c. Speculation on the characteristics of future i elic~- t e rs
would be very nebul as ama wo u ld not yield a h i ch
rro t -ab i lit :— of success In the select i-r n of Oil 0’-- —
pr-late tar-c-c t, chara ca - ri st ics for deve lopme nt

d.  Limite d d e v e l o p m e n t  f ’ a r n d i r : e  a-as avai l-able.

It is conc luded  t t u t  t he  sp e c u l a t i v e  d e v e l o t m e n t  of - i ” —
namic  c o m p o n e n t s  f-oi -  helicopter-s does not have a h~ oh p o t e n t i a l
payoff and , therefore , would n ot b ave been a desirable approach

in the pre—AA PSS- :-g,’s.

We n,ote in sop r o r t  of  t h i s  c o n c l u s i  ma b l a t  the f i r s t  c o n —

ception of the  AAF IiC r- - qui rement , a u s h  ned with t h e  a p p l i c a b . le

technology , occur -re-i about l9(-3— (~ -k th  a ~o s i r e- i  d e l i v e r - v  date
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of l 9E- ~ . T h i s  highly or iris ti c schedule p o t  d. ly r- o-~~ul tea :

from a c - u a h i r i o l  l o t .  c:  w i s h f u l  thinkin g , on the r ae - a of t h e  Ar - ro y ,

and t h e  a p p a r en t l y  c l ear  s u cc e s s  ci ’ the ~H — 5 I A  c or opo unu  h e _ I —

cot t e r .  A ma - i  i t  gave r i s e  to expe- -at at i - a s  t h a t  s c a l i ng  up to a

d i f f er ’ - :n t v~ t i i c l c  , u s i n g  the: same e - t h c l r  lea , o-: Dc lai te  a a iro r t o -

j o b .

B. t r a k r a - ’ a r t  Tr a r o s r a i s s i o n

The em ;oirre selected for’ the C h ey e n n ~- :-:-a s the- T — ( ” — d h — t (

rated at 3P35 shp .

D a r i n g  the Chea-enne i e v o - l  - a m  ra e -nt  l - r - o O o : ~r :, , i t  was foanad 
a hi~~he:’ pova:r’ v - o s l o  be needed , hec a -~se a he air-cra ft de - a ~ h a d
grown beyond exp octal ens. lhe ene—ine mam afactur-er quickly

r r o d u c~-:J a c o d i f i c a t i o n  -of t h e  e n g i n e , desl -ru 4 ed the 7 12 v e r —

s-ion , -4r:~ ch was rat- c at 392t shp . UnC -ort-crately , this created

a problem w i t h  the  t r a n s m i  s s l c r , a - :hi ch  had beer  desi anei t a r

the  l ower  power and  could r~~t be as easily sr-rated as could t ie

e n n i r r e .  The result was a siornif ic :ant d e l a y  iro t h e  f l ig h t  t e s t
p r o g r a m , because of t h e  ica -r o  t i r e -  cau s e d  b y  the be- ar oa:ol ssi - ‘n.

Here we have an iilu strat l-n of an i r a d e p c - n - c -n t .  d ev e l c~ —

ra c ra t (the erigine ’ that -sas or i nat  ly deve ic~ e C — a -  ra~~l~ i r  le

- — p~ao no s e s.  an d  t ha t  was capac  Ic of b e i n g  rca rily t - . l o r t h  for  ~sc

in t r ir o air -cr - fr -ant i reare ilored aft-er the o r i n i r a l  sp e c i  Ci c a t i o r a
had char ’-c -or . On t he  o t h e r  h an d , the tran sraais si on. a-sa l -oh a- a a s c l i

n ew , a-as i r c o a p a t  le u f ’  be ing  e a s i l y  r a - o f i f i e d . I f  A A F S E  pr - -a d a c —

l ion  h a d  c-untin~ ed , a mac - - li  f~ ed transmission desinra would h a v e

b e e n  r’ - a - q u i : - e - - i , a l t  i ,oe~~h i t  is liwely that tb .e memo do-si n a-cull

have b- c -a-n a s ’ ~- r p - e d — s r  v er s i o n  of the  (ar:g:ro-: 1 one. The- cx—

per’ ie mo- 55 po~~m t u -  up  t h e a-c l u e  of u l - r i - : , l r , e t  a-er-sar i li a n d  flex-

ibility O r , l u a sut  sc- s tem . r -  c - a r r n o r a e r : a - .

C. Avionics and 1-li ssion cnuipm ent

r c lude  in th i s  c a t - - c - c o y  th e-  com m -r o u t .  - a - t i  or, a s€- t a , m c v i —

gal - 1 r s~-t s , weapons  s y s t e m s , ara c  r a d a r  equ~ p-” t ::at a-a c -c
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necessary for the air-c a-aft t o acc s o m a l i  oh I a ad sa’ f o n .  A c- n—
5 t d e r ’ u l  t o  a c c o u n t  of t h i s  equf pmen 4: wa s  de ve - c - - I ni - - r e m I- n~ ly
C the A li—5 EA by various Ar -n y c r a m s - s e n d s , I nc lu f i n n  EOCi-~ , ~~~~~ 

‘ - -li

AFM00i4 , ar :,f AVSCO U . This  e r - s i r  a - - m t wa s  sup~ f r - i  as ti -alt ‘0

Lockheed. I’a most cases , the Int o-m t- i r .  of t b ”  Army w a s  a

develop - equipment that could to installed ii. a a 4-ty C aIr- —

craft . The I I I A 2 -  was one of the items j  c i  r t l y  - I c y - - l o s  - - r by  P r . ’-
H a vy  a ma - i  t he  A r r a y .  The IriAf c - - m o m  a1 or  ba-i a k i l o  f ~ili:’e m ’ a • e .

In sort — cases , t h e  r - o i u i k r a e n t  l i d  r o t  becar :-a- avail d Ic tn t im e -

f o r  m o o r - k - ra m I er a f r  t I c- dev e  Ic - p -ra .o Pa l  at  a - c - r a f t  . I n o i ’ - k  o r .  ‘ e r t

d e v e l op m e n t  of t h i s  equi p-ra e-nt seems t o  have beer , a him tr an ce

r a t h e r  t h a n  a he lp  in  the  case of AAE - ’SS. U P I  s r a y  p ro v~ cc su: : e
ai ’ t u r a e n  f o r  i n i t i a t i ng  such  i nse~ - e c d e n t  level  ci a r - r o t s  e a r l i e r ,
and t e s t i n g  the-c ;. crc - ar- c f u l l y  b e f o r e  a t P e r a ~- t T n g  t o  I n c o r p o r a t e
thema in a rca- veh icle-. But theta the risk is present that the

d evel eprr rer t wi l l  not represen t  the  l a t e s t  s ta t e  of t e ch n i c l o gy .

X.  D I S C U S S I O N

The Cheyenne  pr -c -gram , a l t h o u g h  a failure itself , illumin-

a tes  se ver’ -r l  f a c e t s  of the i n d e p c - m a c e n t  development questi

Ir a the case of the t—6~ emagine , an early -develo-pn ent was io~~
tiato-al in, 1957. This engine was spec if ically re- ru in -e d to have
a mult iuse c -s -p -u t i l i t y  u - n d  a t-’r’ -t - a - ; t h  -anr ant ility. In fact , i t

was n u a l i f i  ed b e f o r e  i t  was sd - - c 4 -ad for us-’— in a sys’ “a..

a 4 the time of desio’r , none of t he  si a - c r - a f t  fo r  act ch

i t  was he i r - - c o n s I d e r - e a t  e v a - n  hme d a prel imi n a ry -i-’ -sisr . All

t ha t  was w a n t - : ’I was am engine in a p a r t  i c u l - o r  t a - c -  r - -am - ,g e .
Thi s em .  s i n - -  I r-~ or s u c c e s s f u l .  It a-oas used H, s e v er - a l
a i r-a- n- aft. Eventually, it was select -H for Ic AAF SU ar c 11 c c— a
d o n , a devel —~a-r aicn: t that failed hut not be-cause C ~h- em .ulr~e .

On the - - her hand , I e IHAS was b e i n g  de-vel cn’ cd se t—a—
r-ately and iriac E - k - e m d e n t l y ,  also with the I rd e-nti - r, of I e l m o  u s e d
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Ira a m a c - r a w e r -  of  A c - c a y  and t avy  helicopters. I~~n sele c t i o n  cre-
ated I r r , L- t e ca s f o r -  t I e  A l t - f-C deve l op r r c-nt  , si nce the  h A S  c u r t . —
put  r -r  had a l e ig h  f - a l l u r e  ra te . U n f o r t u n a t e l y , the IHAS wa s a
new development then , arac- the bugs had r o t  been f u l l y  worked
o u t .

O t h e r -  equ ipmen t  .t n te r ded f’or i n c o r p o r a t i o n  i n  the C h e y e n n e
was u n d e r  t h ~ c - m t rol c r- the various [a r ray commands .  Thi - se  were
s i m u l t a n e o u s , in d ek a - en den t  deve lopments  tha t  we e -c  to h e  s - u i - n  i led

to the prime contractor as GFE. App a r e n t l y , se -ra e c-f thi s

equiroment wart nc— h ready at the t i n e  the p rim e contractor-

needed it. But , except for the IHAS , it appears that this

equipment a-coked satisfactorily and was suitably intea -trated

into the aircraft.

The major failure in the Cheyenne war— in the rotor na -stem .

This deve lopra a e- r, t was d i r e c t l y  un de r - t h e  c o n t r o l  of t I e  p r imr -
c~ ratract or- and cannact be considered as a m inLiepenio nt -i c-v- - Icr;—

ment. The Cheyenne rotor was simrly an ex ter ,a’i cn ; of the t e c h -

nology tha t  Lockheed had developed and operated su ocec -afi al lt’ ira

a smaller aircraft .

The transmission was a problem cc- r:rrone-nt , s i n c e  it  teas

required t-o operate au higher power th u r  it had beer designed

for , and it resulted in slowing down t h e  develcr a:- .o- rtal flioaht

schedule of the Cheyenne .

XI. C O N C L U S I O N S

We can draw some general conclus ions about indepe nic-mt
development from the examination c-f the Cheyenne sub-systems .
In the case of a long lea-i ticrac i t em such as the  c r c - m e , e ar l y
deve lopment  was essen t  I-al. The I— I ‘ - was highly successful ar,i
useful in develop ing the Cheyenne - for aco reasons. The en-sine
was mature enough to assure i t ~ reliob ility and its des~ 
a-as sc ,v’}a t h a t  it coul d be  e a s i l y  u p r a t e d  i f  necessary . The
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IHAS was not cor ip l - :- t o ly  de ve lo i ed and , th en - a - fo r e , i ts  reliabil-
ity was not yet assured. The rot r scaling was not understood ;
the transmissIon design had no pr vision for growth. These

cor~clusfons suggest the following rules for assuring the suc-

cessful application c— I’ early deve Jpments .

a. Start as early as possib ~~~.

b. Plan for growth ir~ the o tginal design .

c. Avoid specialization and clan for a ran:gc’ of uses
in the original design .

d. Fully understand the rulE s for scaling.

e. Ensure that the potentia l market justifies the
development .

f. Demonstrate a flight tesi vehicle before committing
to the subsystem end use.

g. Expect some required in a t € ,~ration effort , even for
well—developed subsytems .
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A P P E N D I X  C

T H E  X M - 1 T A N K

I. I N T R O D U C T I O N

Ir. r-e-cr-nt . 7 - - a t , ,  tl~~- a’~ l u-a-c tr - - ma t hi - e- - ma r- c-. m a c i r a  i n ’ a ~~e
tank prcagr -ar:i n , r a - : - .r -ly , ~1ae -~BT—7O , -T- —e 03, aru ,-f-— ~ . The
WBT—70 a-mr s a joi r b  prc- ’a’maco witn he Federal hepub li -s o i’~~ er-:’ac.

(FEC). It enta f led an at be -n- ap t - 
- r u l  I-i a l l  n e w  0 -:’ r - - :-ne 

r a the a -  r oa r ,  u sr -  e x i s t  i r e ;  ones . TId s rol 2y a-nan or e ~f the au - c —
t o r n  c o n t rib u t i ng  to i t s  b o i s e  - t o ’ hr- o v e a ” s h e t - - i n -  reason:

for  t h e  pr - - s g r ’ara ; ’ s f a i lu r e  ;-:as t I n t  t h e -r e  tome s m. c ma m ole ac-ui s - i c r —
r a k e r  in char-ge . Cinra r l.e .i r - - c i s l r n s , - .~~~

-
. ,  a-: ioeth -a- a- - ’ C tOO - ‘ ‘ ‘ r i o

or English f a s t -n e c ’s , c o u l d  nut he - ca ’a t e .

The s e c o n d  pr - cm - r u - c - a , th e  -H— ~~O 3 ,  was a r e v i s e d  W3- T --C O r n - - a—

gram , - - 1  med at r ae - c t  i n n  -. ) r :a ; J  t h e  ~~~ f-~ requl rca -end , not  t l a e  E E l

r e q u i r - e r e r a t  . I t  c o m b  i n m u e l t o  s u p p o r t sa tin;; of the corm p om ac - not s

ini t i a t e d  unc ier  the  W [tT—70 pc’ogr- arr~. I t  di ed when the costs es—

cala ted , and when - d o u b t s  aro se  over  the n--cal advance rei n- -u se r ’.—
- - t ed by t h e X~-~— PO 3 over t h e  p r o d u c t — i mp r o v e d  E — 6 0  e u - r o b .  The-

cancelation actiom ., however , (Old allow a large s-urn of raacm -c y to - -

be used f u r t h e r -  deve lopmen t  of componen t  t e c h n o l o gy .

The third program , t h e  XE— I tan k , was in i t i a t e d  i t  l97~~,

when the  Ar -ny formed the -ain Battle Tank (-PT) Task  °orce at

F t .  K n c x  to de f ine  a tar ol-: t ha t  a - c o u l d :

• Be greatly supe rior to the NCCA1E 3 tank .

• C o n s t i t u t e  a I - a-c — t,. a- iurc — .ievelor-memt- ri s k

The NE T task  f o r - c e  r— re r  u - r e -  I me “Ma t ~- r i a l  N e e d ”  d o c a m a - e n t  ana l  a

“ U e ve lopment  C o n c e r t  Pack -a n -a . ’ To a c c e n t  i t c h  ic s  m i n s l ~~n , h~

~as k fn r c ~ also p r ep- aar- ~-d .a “ shopping li s t  “ of low risk and
4
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m o d e r a t e  r~ ok comi or e -m a ’ a; . The-ra e’ - cr0 1 or~c-rd s he-cam e- - ‘ am ul -icites

f ’ r - in s  m c  - i-a t i ,~ r . i n t o  t l r -  -N -—l amA syst err: . ~-‘an;j of * her a cu -ma c
fr  -

~~~ . P- W—6o + - rn;: serb~-s . Q
~~ len - nc were d e v e l o~ -d u r . ce- r - tb - :

~-cLrao l~ gy 1 ire :un 11mg at  the TA ( ’( t E  l r t  r - : r t o r - io n - ar -i a-n --re t h e n
slate i fur - t h e  r-:BT—7- o i’ogr-arcr . 1i~ -n a - h ’ - r pr-u-n ’ s ear,cel ,ati er .,

I hey were conk inur--c for the ,-::-;—8o3. These c c- p cm ’—nat were f-ar- —
t h e r  deve loped  un d e r ’  t e r m s  of h a -  c : e n c t - l l a t  ~or. C tt , - - xri— 803,
a-aPi ch revi le I substantial funds C-c r tl ,- - eeretir ,ue -d u~-vc lc i rue-nd

of tank conponen: t S

1he APi—i tank is being develop r-d in ~wo ccr .f’i -oi’a t icn s :

the e2hrysler version: wit i: a turb ine A 1T— l500 engine , and the

G--neral Wotors vers ion with a d ir - s - e l A? 5—1310 engine . It is

t o -  - - - nearing in- e -m, d  of t h e  a i ’n a r s e u  ca r -v e l opmen t  s tage . T a b l e

il—I comro ’~rc- s a- he l?-’—i tdi r ,k w i t h  o t h a - i ’  t a n k s  of r e l a t i v e ly  re—

cer . t  vintan- e , am1 I Tad le ~— 2  compares  maj r --a - c o r : p -  r o e n t s  - C rrae

of these  componer ta s , n a m e l y ,  ‘- he two competino emc-ir ,€ - s and the

:-:—iloO trana smnission are discussed here .

I I . AGT - 1 500 T U R B I N E  E N G I N E

The f o r m a l  b e g i n n i n g s  of the A C T — l 5 0 0  were  in 19 15, when

an RFP called for a re-generative 1500—hr turbine . AVCO was

selected out of d c-Pt or r,ir :e cc:a r etitors . The deve -n -p m e r , t

comes the outgrow ’L of several year-s of research studies and

har  ia-care i n s t a l l a t i o n  t e s t i n a l .  The engine confirurat I-o n was

esta flishe d by USATACON design and performance r-recificatiom ,

representing an advanced engine considerably beyond ‘he state

of the art

Th ’- A 17—1500 turbine is spec i fied to deliver I~~00 h p ,  at

1000 F , and s spec i  f i c a l l y  d e s i - r a r - d for  p o w e r i n g  the  heavy

class of m i l i t a r y  v e h i c l e s .  S ig n i f i c a n t  advantages over cur-

rent engines include : light weight , small size , quiet operation ,

I— ow fuel consum ption , ease of cold startino , higher net output ,

rel iability and durability (2 to ~ times greater than previously

a’t-i inable), u-r d a f avorable life cycle cos ’ advantage .
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ht ’ e t ,~] nso C~ -~~ 1~~ ig-)~- Ct ~ - - n (F~ g .  0 — 1 )  c on s i st s  of a. t w i ~ .
s po o l , c - n - - - - -n ~~r ic , -: - : -o n - e r i ’o t ’ 1~ ~te -~ c~ -r- i- s s~ - - r1 section , tel—
1—owe-i by v:-&riable nozzles ann two fr~--e—p aw 0r- tur-bines . A c y l —
in-arical heat exc hnIk ~~0r (recuperat or- ) :..;r-aps around the reduc-

tion —ear- s and the concentric exhaust—di ffuser section on the

ou tnu t end of the turbine , adding almost nothing to the en—

gine ’ s l eng th  and w t d t h .  A s inglc- — can , t a nr e n t i al — s c r o l l  con—
b urt or had a sino-le ir’n~ tor plug and fuel nozzle , wn ich oan t- ~-

sei-viced from the top  of the e n g in e - . The a c c e s s o r y  s e c t ion
provides direct top accessibility to all engine and user power

t a n e - o f f  a c c e s s or i e s , for - ease of ma in~ ennnce in tank installa-

t i o n s .  The 3 000—rpm max i m um ou tpu t  speed p e r m i t s  engin e  use
w ’,t h  a v a r i e t y  of s tandard  and a d v a n c e d  t r a n s mi s s i o n s .  Min i-
roal e: ;:ine cooling requirements (15 to L 0 hp) make substant ially

c-p eater net ~-ewer’ available for propulsion. The engine is a-i —

s;quately protected by standard , compact two—stage static air

cleaners , with servicing beyond a 20—ho ur- interval.

The f irst  TA COM contract was f o r  30 mo n t h s , and it re—

~uired the production of 30 engines (5 development ; 20 ~ro—

totype ; 5 final configuration). Actually , 20 en gi nes ha d b een
bu ilt by the end of the TACOM contract (July 1969) for the

-
~~ total cost of $21 m illion .

The first engine developed only 1200 hr . A zeroth stage

was added to the compressor to get more mass flcw (~ nor- eased

from 9.7 to 11.7 ib/sec) through the engine . It was estiroatei

that another 20% growth could take place in the same e- 

envel ope , wh ich was fixed rotin ~ y by the PIBT—70 req uirem ents

ann has been extended only slightly s’~nce. in retrospect , ~~
‘

can he said that the original design of the engi a-: was a flex-

ible or-c- ; i t  allowed a 500 growth ir out~ -ut shaft horsep ower.

The compone r.ts that paced most of the turbine Engine ’s

develc-r- rv-nts were the ccronr~ - snor , recu1era~t nr (a hea~ ox—

change r) , cnmbustor , and ~he turb ho-s . F e cu l~ -ar to he a - t - ,’s,-Tti ve
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a p p l i c a t i o n  were  t h e  s l a t  ior ar -v recuç-era’ or- , the singl e—c ur .
c o m b u s t o r , and th-c variabl t:— I- wer’ r nr-r m e  i ’  n or o l e s .  These

thr ee compone nts w~-r-e t ~‘yon d he stat ~ of ‘ he er- t of the n.i i —
196 O s .  The main  c-onc e-i-n of the ieve - lo~ :: -~- nt eff-’ rt was to

- - achieve better fuel eco4’xc-n.y at rte - r’ r ro~-~ late - ;-;er level (10 to-

300 of full rower), .SIi. ’ the- i-ec-ur -rator .

The recui- ex -ot co r l~ ’ A T  -~
‘ uses  i s  of a unique le-sior. ,

w h i T h  eal a i l s  a large number - w e l d s .  For- r’anul ’ac tur’ir,g, it

requ i res ±h e ieve1o~ to-mt of new r- - e’ i’ ive we~ d i r g  515 ~~
O-!’..

The function of 4he x- e c -,ge rat-o r- s t o  n e - t  air erxer ing Iron

the compress or- by abou t 2000 F. h~ x- ecur -era l or- is esser .tbal

to a ch i e v e  f u e l  eco n - : r : -; comparable to a diesel. lhC I a i tl a l
version of toe x- e-cuperu’ or was nevelor ed by AVCG w ith it~s

IF\&D iund ion , with no d i r e - c t  assistance from TACC i-i , ann it was

a basic ir!gr- - - nt n. its win a trig tx -c u -or al

The var-i;Lble — l - - c :rnetry turbine nozsles ncr-mit a shift of

pow er to the  gasl :’ i E r  turb ine for r-a r -l-i a c c e it - r a t i o m . They

also maintain high exhaust temperature ar d reculerator e fri—

c iency  und er part ial r ower , and can “slow -open ’ for protection

a~ C a1~~~St destructive over-speed on loss of load.

The turbine inlet tenDer -al ure Is 2180° F. This -ie-:ei-:r—

ment effort , for fuel economy , ;-ushCd materials technology for

the high r-r-essure turbine bey ond tte state of I ho a r t  at

beginning of the n r-oo’ram . By 1973, a hotter root c-rial (‘ SPATT .1 Y)

was developed  and pu t  into use . Even so , the t x - t i n e  b l a d e s

had to  be a i r - — c o o l e d .

During the July 1969 to May 1971 period , the fun diro-~ was
slow . Little work was acc-o m r - l i sh e i , b u t  t h e  o rg an i sa t i o n  w a s

kept intac F- . Then , the spending rate accelerated under a

TACOM contract for $11.8 n,i L l i o n  (M a y  197 1-January  l 9 7 L )  ~ n d

with a foli nw— on contract trot: Chrysler for ~1 .5 mi ll io n ( J , x l v

1973— Or-r il 1976). These ~w n cc-nt ra :-Is were both under t h e

X M — 1  p r - o g r a r r  t u r n i n g  - Tb - - - 1 1  r st  n r - w i  d o d  f o r  the development
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or ’ the  en g i n e  O r  ger . — z-ic ark applicati ~r s (i.e • r

ii a mon i  f l e d  T—~ tes z i g ) .  The sec -rn-r provided ‘h e  fu n d s
for  lie s p ec i f i c  ad a p t a t io n  of t h e  c e - f i n e  to  he - 0 — 1 :  n a n e l y ,
s~ ed f ic  d imens ions , fa ult  I s .  la i -~r . ar c  m a J : E E r 0 0 0 c e  ~ n J i ca  ors ,
spec I al f a st e r er s , a pow er  ott i r e  spe- - -d o n v r r n o r , a r ev i sed
accessory  gear -t ox , and mat  ir e-- w i t h  the X1-1—l elecl ri cal sys x— x -

As of 1 Ju ly  1975 ,  the AGT—l 5 00  had a to ta l  o r ’ 8 3 , 0  E - n g i r e  t — s t
hour ’s , inc l uding 12 ,500 v eh i c ula r -  mi les .  C u r r e n t l y ,  a “dtslgr .

to  cost ” p r o d u c t i o n  cos t e s t im a t e  is b - Ing  WC -Ok e- d out .

The f l u c t u a t i n g  f u n d i n g  i s  be l ieved to ha-;~- had the effec

of su b s t a n t i a l l y  e x t e n d i n g  the du ra t ion  of t h e  ve ra l l  pr’o,-raro .

Co mpetent  perso ns— el  es :iI: a 4 e tha t  had thC funding and the na~~ r
sy s t e m ot .~ectives been reasonab ly  s t e ad y ,  t b .~ engine  would have
been r-e ady f~ r open- ‘ional esrs in a :otal of five year: ~nd
t c r ’  pr ’ a u c t i o n .  in a t o t a l  of seven y e a r s .

O ur COncl ~ Si c j . ~ w i t h  r e s r ~~ct  to  the AGT— 150 0 t a r t i r . - a r -
as 0 l l ow s :

a. Indeper .dez:~ resea rch  a o l  l e v e l - p m ~ r . :  p l ayed  an i x : r : r - -
t ant role  in 4 - h e  devel m e - nt of t h - -  AVC O rec upera~or.

b .  TAC O tI t e chnc logy  b a s e  fu r - d ing  was r e s r o n si t l e  0 r  some
of the early ievelopment work of the AG — 15 0 0 .

c. FundIng f - -a r l i e r  t a r t  p ro grams , w - J c h  we re Thts- r
cance l led , SUpp~r~e~ much of the early development
o ’ the CC -T— l500 .

d. The Xi-l — t ank  has a t u r b i n e  er - ir e  as an c-I t i - -u ,
la rgely  as a. r e sult  of d e v e l cn r a e n t  wo rk  -or . ier ~ ak- ’ n
p r e v io us ly  for-  ~he ca n c e l l e d  ‘itT — fl and E he  tt ’— 8 0 3
t ank r .ro -r - - :f s . Had the  e ng i n e  deve lcp r :ent  wai~-u n t i l  1 9 2 , t t E n  he e n g i z e  cc~~ld r - t i f l  have t - ~- - ix
ready for production by a b o ut  1979 ,  b u t  there  - ‘mld
have beerr no development engine- on which to base
s y s t e m  d e c i o r u s .  The ear - ly  ~~~~~~~~~~~ Ii i  r e su l t
in the earl” availability of a de-;elopment engine ,
w t I c e influenced the tank systen . decisions .
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The deve  - :r  n t  of  r I e  l lC — i n ~ d l s~ I c o e r i e n t  ( O l D )  diesel

sta r ted  in 1- 5 6  ‘~or he T—95 ta id :  (~~2 t o r : s ) , in a d ev e l c a : e r , t
r r ’cgrrtr :  t ha ’  la st ed  2 . 5  years  c -ni  cost  the  f i - c v e i - n r n e n t  a b o u t
1-3 . 2  m i l i t o n .  The 90~ V , : our- x c l e , air- - c o o l e d , 12-cylinder

e n g i n e , p r o v i i e d  (00  hp .  fever ,  eng ines  we re p r o d u c e d .  They
logged a t o t a l  of 6 0 0 7 — 7 0 0 0  hours , in c l u d i n g  some t ime In t h e
deve lopmen ta l  T— 9 5 t a n k  in the test field. The engine: were

s te - red  in 1959 , when  the  T — 5 9  r r c :ran was d i s c o n t in u e d .

In 1961 , 0c01 b r o u g h t  the i d e - a  of a var-table cirl r-essior !
r a t i o  ( V C R )  p i s t o n  to T AC O M , and o b t a i n e d  a 150 , 000  c o n t r a c t .

U nder t h i s  c o n t r a - c t , a piston was built to fit the 1100—OlD

en ct i r -: . It r u :  deve loped  in a c - n e — c y l i n d e r  c o n f i r u r a t i on i , ar.c

i t  y i e l d e d  p 0 - : :- :- e qu lva l er : - t to 750 hp fo r  12 c y l i n d e r s  in 19( 1 ,
9 00 hp i r .  19(2 , ar i d 1100 np in 19(3 . In 19(3,  a 1 2 — c y l i n d e r
v e r s i on  was b~~ii t-  and i t  logged  a b c - u t  3000  mi l e s , Ic a I ark , at

1000 h p .  Cu r i n g  F Y 6 1 — F Y I O , the f u n d i n g  rca i ., a v a i l a b l e  by 02701-I
was a b o u t  $ 2 .  3 m i l l i on ;  It  was  a O e a : r a t e  funcr ini- .

(A b r ief  t e c h n i c a l  d e s c r ip t i o n  of the  VCR pisto l : Is as
fo l lows . If  the peak f I r in g  pressure  is t x ~ -c  as a furot i-cr.

of the  load , the  r e s u l t i n g  gr a ph  is usually a rising straight -
~

l ine . The OCR p i s t on , l i k e  any  other piston , has a c -o-r :r- ecti ng

rod to  wh ich  the p i s t o n  is f a s t e n e d  by a p i n .  The he i vh t  of
the  p i s t o n above t h i s  d r .  is - i - table , h o w e v e r , a nd  I t  i s  con-

t r o l l e d  by the  peak f i r i n g  pressure. As long as this pressure
r emains  under  1930 r s i  , the p i s t o n  remains  i f .  I t s  ex t  e rcOer l

po sit :-xn , giving a 1ar~ e compression ratio. As soar. as t h e

p e a k  firing pressure reaches 1900 psi , the  p i s t o n  r . - - - i s  I a re-

tract , giving a lower- c m I ression ratio . Th i s  r e t - i - a c t i o n  re-

sults in h o i - i in g  the peak  f i r - ir e  p r e s su re  c o n s t a n t  at 19 00 psi ,

even a: the load increases up to a point Ih at would have p r o —

du o - c d 3800 ~si w i th  a normal  p i s t o n . t h I S  feature and t r : e  r c - : u l r i n g
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r a ng e  of p e a k  f i r - h g  rr-e ssure s result in less s t r e s s

Ic ing I-laced -c-i-, the  ii: ton j r - I  t he  et h e r  era — i  r e  cc~r cr :o r i~-nt  S

- o f  t h e y  lead t o  10c r ‘rr . r - i n e  :‘;-: i gh t I cr’ h o z - c : - ç ’ - w t - r . )

W i t h  the  r - eg ln n ing of th e  r-Ih1I — 7 0 p r o g r a m  in 19(5,  GM gave
al . -cri gine- subc -r~tract to TCI~I for 113 nii l1iiz~. As nor-b of this

s u b c on t r a c t , t h r e e  90 0 V e n {- :inea 2re b u i l t  :e- r use in tran :: —
:.x :s,: t-::. deve l or - rc - r . c .  They W e - r i :  de 1iv~-r -eu  w i th i n  1 year , and
each cool-i produce 1200 hp or t o r i .  The-ri, the engine was re-

designed to 1200 V to lower its silhouette. This engine was

being used with the Renk hydi-okinetic transm ission. To achi~~cre

t he  required power output (1075 ht- ), the er.etne h-a-i to- be

su o e r c h a r -r : e c r . C r - i  girally , the en gi n e  had 01.1:z f-or- b c chargers

r r e c h an i c a l , ger r - — -ir ive n Roots  blowers  had t o  be a ddo- . The - se
high—speed blowers reflected a substantial advance In techn-o 1—

ogy and they osed :r -cme r e l i a b i l ity  I - r - c b l c n S . Towards  the  end
of the ME T— 70 p r o g r am , he sec- o rxdary cr-tion engine , (Paimle-r- —

Benz l - f s — 3 C l K a ) was  f ’in a l l ;  s e l e c t e d  for the -:00—70 it, or-ocr

a t t a i n  I-he r e l i a b i l i t y  -:- L~~ec ti v e s .  I t  was  a 2 t 0 0 _ ~~ID en1 -i n e

of co nve n t i onal te chnology , and represcnted less of  a t e c h r . o l —
ot ical a d v a n c e .  Then , in  December- 1915 , the  l-IBT— 70 t - r o ~~r a c

was cance l l ed .  West  Ge rmany cont inued to f ur s  TC -i f o r  a :,-ear

fo r  p r o v i  - nh-i cr 2 0 0 F — l l O O  e n g i n e s  to  i t s  p-i lo tanks .

The -J i-803 p r o gr a m  began  in A p r - i l  1970 , a n d  021 a o n t t r . at  i

f u n -du g t he  A V C B - l l O O  unde r  s u b c o n t r a c t .  - 11th t he  X - - 8 0 ~ p o : —

grarri , there was a change  f r om  t h e  R e n k  h y d r o - t in e t i c  trans-

m i s s i o n  ( w i t h  a to rque  co nver t e r )  to  t h e  -21fi-I—l50 0 h’zdrosta~ Ic—

hyd ro -r xEcch anical .  t r a n s m i s s i o n .  - :i th  the  l a t t e r  t r - a n s r r i s s l - - r . ,
the  low—speed  t o rque r e q u i r e m e n t  cou -i be met with a 1 2 5 2 — h p

o u t p u t . Thus it was po ssible to remove the engine part s -of

questionable reliability (e.g., the Roots blowers ). It was
also fe a s i b l e  t o  1-over the extous t - temperature below the 180 )0

F’ it was r -u r i r , i r s r  in the  i - IB T—7 0 .  Th is  led to improved reliatT l—

i t y  i n  t he  en g ini€:- , at -  t he  cost  of c- or - s. I d e r ab le  r i s k  In  the  o n —

proven h y - : l r - o t -a t i c  t r a n s m i s s i o n .
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Th e X HM — 15 00  h y d r o s t a t i c — - : y d r - o c r c - h c i n i cal  t r a n s r : t s s i o r ,
specified for the 21 - 1— 0 0 3 d i f ’ f - i r ’ e - c i  f rom he u r : ua l  h y d r o k i  n :et l  -:

t ra n s m i s s I o n .  Th e t o r q u e  c o n v e r t e n — — r - --cnge pack 2 -m otion was
replaced by a variable—displacement hydr-ostatic pump , c o u p l e d
to a fix o-I— disp lac orc --ni hydrost atic r-:otor. t’-uc - Ic an arrange-
ment  offered infinitely var-table ratios , conti nual c-p ero t  i-c- ri
o ndr r  optlr:.ur performance conditions , and a lower silhouette.
Unfortunately, it was also more c -r- :plex , c-:-:tlier by about 501 ,
heavier , and had l i t t l e  f l e x i b i l i t y .  This lack of f l e x i b il i t y ,
stemming f rom incompressible nature of oil , ofte-n resulted in

broken shafts and the resultant fa i lure of the entire propul-

sion systo r. It was the lack of flexibility , plc: flu added

cost and greater wel l ift , th:ir t late r- led to the rept -icetent of

the 2111-1—1500 by the X—ll OO in the YT- — l tank .

When the  211— 803 p r o g r a m  t e r m i n a t e d  in Dece mt er 1971 , TCI-I

had one year of -d i r ec t  Army funclirce fo r  t h € -  07k er.oi~ Then ,
the e-ngin-~ pas sed the stiff ~t fl-C— hour NATO t o - s t .  Total  f a t  u n - -
during this one year was 12.1 million.

W ith  the  advent  of t h e  21 - 1—1 p rogram , the  h tj dr o s t c r t i c  t r a m s —
mission : was abandoned im favor of the X—l lOO , w h i c h , like th e

Gen t :, is a hydrokinetic one. Since the vehicle now had ci weight.

of 58 tons and cons iderable requirements for agility , t h e

engine re utoement was changr- --l to 1500 hp. Thus , the  en coi ne
was up-rated to 1360 OlD and the Roots bl - wars had to be used
again. This deve lopmen t  is now sa id  to  be p r o c e e d i n s  s a t i s —
fact:orily . The test—and—fix pro cedure is yielding a Duane

reliability growth curve with a 0.5 slope as desired. This
engine is now designatt- i as the At ’ b — 1 3 10 .

Our f i n d i n g:  w i t h  r e - sp e c ’ ~D the AV -Ok— l3600 eng ine are as

f o l low :

a. The VCR p i s t c- n was lnv erxte -cr-ic r in :- er d e n t  re-
- c o - a r c h  r u n  deve lop- rn --’ r. r and  w a s  d e v e ln r e d  unde r  a
TACOM technology hate contrac ’ -
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b .  The VOR engine was developed un der a cacce ::I- - r . -f
I - IBI — 7 0 , 21-1— 8 0 3 ,  and X1l~~t t a n k  p r o gr am : , wI~~t . n - --
TACr dI-1 technol- gy base funding added. If b~ nd t o  h e
modi fled subst - tr:tially to fIt t he  22 — 1 1 

c . Oh-:- I ’Ck :istc-n , supercharger ::, and c n  I - . n r ov e ]  ira —
j e c t i on  p ur r -~:p , made p o s s i b l e  b L  d o u b l in g  - C t I e -wor
outpns l of the 01cr 10-11:0—1790 engine by t he  new A VC R —
1360 , while reducing the ceight by 511 (see F i g .  C—2).

d .  The 2v-1t_ l320 is said to- have a growth pot ent Ial i f
3011 (see Fig. —3 ).

e. The availability of the AT-O P-— h OG dev elcrrr en t eri c - i ra ,
In : f a i r l y  well—creveloped, low—r isk form , was what t o-i
t o its ad-ct t i u r  for one cC the Lw-: competing versions
of the 110— i . It would nit have been available in
such a form , except for t h e  precursor  1- 107—70 ar-i
221—803 program:.

IV .  X - F A M I L V  OF ARMORED V E H I C L E  T R A N S M I S S I O N S

This section deals w i t h  the X—2 00 , X — 3 0 0 , 2- 5 00 , 2 — 7 0 0 ,
and 2—1100 h y d r o kin e t i c  transmissi--ns and the lessons that were

learned in their develc-pnent .

The model number inc the - — fr rctly corresponds g e n e r a l l y  t o
the lower en~c of t h e  ran ge of horsepower values that the par-

ticular transmission is designed to handle.

All the m e m ber’s of the 2—family of trar:smissions a r e
crossd rive transmissions. They feature a hydraulic torque con-
ve r to r  in c o m b i n a t i o n  w i t h  a p l er i r i e t a r y  ran d-c package  for  pro—
p uls - ion , a h y d r o s t a t i c  pump a n t  m o t o r  n c r - c i t  w i t h  c c - m hi n i n c  plan—

e t ar i - c . ;  for  d i f f e r e n t i a l  ste-c r c - t t r o l , r ind i n t egr a l , power—

a s s i s ted b r a k e s .  An a u t o m a t i c  conc- e r t c -r  l ockup  c l u t c h  is
employed at the higher vehicle speeds to cc-nnect the converter

p urr - p and t a r - L i n e  d i r e c t l y . The range section consists of hI;—

drauh ically—ap-plied clutches and piano-tn:- :; gearing, ruro”Idino

four forward speeds and two reverse speed :. The hydrostatic

steer cons ists of a differential steer system , con trolled by a

hydros tatic pump and mo t or . Oh c- integral brakes are of’ the

rc ul tip1 -o —~ la te , oil—cooled variety. -
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A .  X - 200

The X—200 was developed ‘n 1 (8 1 y Al lison ., order’ the A000

program , for use in the 21100 t i - a ch e d  v e hi c l e .  Two pil ot r r-uns—

m i s s i o n s  were designed , fabricated , and  c a r - r i u d  1 hr- :nugh lab ar - i

v e h i c l e  d e v e l o pm e n t  on 0 1-i fur-i l ng. TA CT -1-I t h o r :  funded a 6000—

mile r-erformarice and durab i l i r y  evaluation in ar I -11 3A1 veh i c l e .
Subsequen t l y ,  the t r’ninsn:iscr i c-n ru: :-;electe d for the tracked

v e r s I o n  of A ROO , where 7 units ac-cumu lated - xc than 28,000
miles of en:-:i no- ccring d e v e l o p m e n t  t e n t  i r~~ n o r  to program

c a n c e l l a tI o n .  The 2 1 — 2 0 0  t r a n sm i s si on  r e m al n u  a c a n d i d a t e  f or
a pn-o do- :t—ircpr -oved 1-1113 vehicle .

B. 
~~~~~~~~ 

and X - 5 0 0

The X— 300 and the X—500 started out as two distinct trans-

n i s s i u - n :, b ut - -~-.- - - r -a  l a t e r  merged i n t o  a s i n r le u n i t  with a n-ange

or ’ 2 5 - — 5 5 0  hp .  i t  is row  the alternate transmission for the

21~~0T. The toll:wi : o pur-arraph : give its h i s t o r y  som e deta il.

The X-300 trar ,s :r-.I :sion study effort originally began (-nader

the t-cchni cal su~ O :- n j i~~~c C: n c-f t he U . S .  Arm y Tank Automot ive Com-

mand) in 19(2. lhe first generation :,nlt , the 21300—1, w a s s u b s - °—
quently designed , componer ot— t-ested , and fabr icated in 19624.

Laboratory , dynamo -rooter , dur-ahi~~i t y ,  and vehicle testing con-
tinued throuoh 19(7. During this period . 2250 vehicle mi les at

31,0 net  horsepower -rub 20 °ons , 219 laboratory develcpn:ent hours ,

and 8000 simulated durability miles , were accumulated. Con-

currently, the X500—1 program accumulated 60 hours and 63241

vehIcle miles at 550 net horsepower and 25 tons.

In 1968 , a p r o g r a m  began to redesign the 1-1—300 and 2—500
tranu m~ ssion:, based on the exp - o- : on c e  g a i ned  d u r i n g  the  f i r s t

generation testing . A common c o n c e p t  was  employed , and con:—

norc i- n i cc cr cp c-r :oflts were adopted so 1-hat a max ir :i:r :. c- orr- :r :cnality

- - . of parts , cons istent w i th sound and proven design practice: ,

was obtained. The results of this effort- were t h e  X — 3 0 0 — ~ and

C_ 1n ~
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2 5 0 0 — 2 4  t r ’u n s r r - c i s s  1 - u . s  - A f o i L  l w — O r ,  O r - i b r i c a t  I or and r r-o—
n - ;n an.  woo- al: 0 undem -ta keri ar -cd c- : r - n lel ed .  A t~ 

- al o f  208 b e v e l —
-c- o ne -nt  hou r s  an - :  28 10 m i l e s  i n  an M l0 9  t c-st  v e h i c l e , at. c-aria-a

l eve l s  -:11 3-~0 and 515 ne t  h o r s e p o w e r -  a n d  v e h i c l e  ~ y i ht~ of 19
o 22 t o a n , r - -~ saec~ I v e l y ,  h ave  been  a c c u m u l a t e d  or: t h e  — a  con—

~irunaticr:s . i-ior’e than 1000 of these miles wer e s-un at  the

515 net hon- sep w a  level.

The X~ C0~~24 d e s i gn  was  s u b se qu e n t ly  opt  i n i z o  to  m e e t  the
an t  c I a  o t t ed  0 r - - Jr-o r g -nt s in la te  1971 an-i early 19 -‘2.

- n t  i : ’ zeu - n i ’  has un d e r g o n e  30 hour-: of l a b o rat o r y  c a l —

I b r - r ’  i c r  a n d  i l e v e l c c p r r i c ’a t  testing an-i  h a s  opeo’at .et i  r- --- x i ma t e l y

l~- O O  mi t- S ir: an : M l 0 9  t e s t  h-ed .  The m a j o r  r o r - t~~on of t h i s
I r . has --- ~-n at a 60-1—gho- level. The latest cper- -at ic ro

has bt ’~rr: a - a lo .-:o- r, TB D—t - hp- level . Frirc:nxry test act iv i t y  h a s

been cc cer -no~-a with p e r f o r m a n c e  and f u e l  e c o n o m y  c om p a r i s on s
at var-i --u: p a-or levels and hydrostatic steer- system evaiun—

I ~ns. As of Aur- il 197d , the m a j o r  p r o b l e m  h-a d been witn the

c r a : o e r - : i a l l y  su p t  l ied h y d r o s t a t i c  steer unit . hot subsequent

o w n - b r -des i gn  cc -l i f i c a t i on s  have apparently elim inated thIs

p r - o h l e r - . The o pt l r oi :e d  t r a n s mi s s i on , X 3 - 2 C — ~~A , was on but-at i I—

ity test n t  General Plotors Proving Tro-unds in an 1-1109 test r-i--~
v e h i c l e  d u r i ng  197T . F c ± b r i c a t i  I: of two  n ew X 3 0 0 — 0 A  t x - a n s m i s —

sions was undertaken under TACOM contract . :-:inor design. re-

visions have beer: im :uorported to meet r--IICV v eh ic le  ins t a l la t ion
r-equ ir-urrier :ts.

Thus , the latest X—300 units available are the pr - c --duct of

12 yea r s  of c o n t i n u a l  d e s ign , deve lo ronen t , and t e s t , in c lu - i i nr

560 laboratory development hours , 8000 simulated bar- -ab il i ty

miles , and 11,700 veh ic le  mi l e s  at  power levels  to  Coo ghp and

w e i g h t s  to 25 tons.

C . X-700

The I’T-700 , which was a cross—drive model for 1-he retrofit

4 of the M—A 0 tank , was a concept only . It  evolved in t o  t h e
X— llOO design .

C—l --
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D. X - 1 1 0 0

The 21— 1100 is the largest member- of thin t na r : :r c .i CC I a-n
toni lv - I t -  is now b e i n g  d e v e l o pe d  for bath ver-si one no I’ the
21-I— I t a n k  ( i . e .,  O r ’  t h e  ( i 1 0 — A 7 - 0 }L — 1 3 ( O  di~~sei enc’iao and the
C h r y s l e r  A 1T— 15 0 0 t u r b i n e  e n g i n c - ) .  I t  s a lso  p l a n ne i  n o r  -u se

as a r e t . r - c - f i t  fu r  the 1- 1—60 p r o d u c t — i r - ,p r ’ov ed tank wIth the AT’D0- —
l7C~0 -diesel. The 21—1100 fit: these different roles b :— using a

module design , in which -different input sections , adaptable to
the characteristic s of ~he different engines , are utilized. It
would be enual , ‘ adaptable to the Da:roler— Benz :-:d—873 er,crime .

~otL the 21— 200 an d the 21— 300 have 00 -C’ of their parte inter-

changeable with the AT— 540 and HT—700 commercia l traruom iss ion :,
respectively. Thus , these parts were already develoned; they

r e q uir e d  o n l y  r - e p a o : k a g l n r c  f o r  u s e  ic. th e  X—1100. 1-Icr- -a imp-or—

t ant  i~ f r a n -a p r -c d u c t  I O f l  r - o - I r , t of vi crc , t h ec- -~ part : are avail-

able f r-o n  r e l a t i v e l y  h i g h  v o lu me t - o o i ir ~~~.

In t he  new commer- c ial series , r k e -,T t r a n sm i s s i o n  was - n o —
velomed first , followe:i by the  PT , anal finally the I-IT . Sc- —

s cr r p t i o n s  of th e s e  t r ar s r c iss ii -r :: are g i v e n ,  icr F ig .  - 1—24 .

The large volume p r o du c t i o n  of c o m m e r c ial tr-n c~: an— i car
transncin~ ions has made it possibl e for 21-etroit Diesel 21111c c-n

( D D A )  to  deve lop  d e t a i l e d  da t a  b : n k s  an d m e t h o d s  wh ich can  b e
-osed fo r  p r e di ct i n o  b o t h  t h e  per fo rmance  t h e  r e l ia b i l i t y  of

e u — r h  c omp o n e n t  In  probabi l ist i c  t e r m s .  LISA ha s  a l so  evolved

a computer—based rn- tho-dolo gy for sinuiatir .a ~~‘ ent ire t r c n s —

rd s a l o n  :,ystem and obta inin g b o t h  p e r f o rm a n c e  rind r e l i a b i l i t y

prediction :. This r e q uir e s  t Y p I c a l  d a o y — c ~-’cle I n f o r m a t i o n ,

i . e . ,  i nfo rma t io n about  the  torque  and spee d ino u~ to the

tra m::: ssion during the typical use for w h i c h  the vehicle is

Intende d . Such information is oLtair~ed e x p e r - i a ’ - n t a l l y  f o r  : - m e

vehicles and ~s then scaled for use w ith other relate : t c r e s

of veh icles.

(1—1 7
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Detroit Diesel Allison (DDA ) found  t h a t  a b ou t  75~ of the
reliability , : oa l n ta i r ; : - n h i l i t y ,  an d d u r ab i l i t y  a-irk on cei :- o c r er .t s

a lso or. v e h i c l e  t r ar ~sro iss ic- r:s w o o ;  d i r e c t l y  t r a ns f e r a b l e
from one model to ano t her ( i n f o r m a ti o n  o b t a i r ’ nd f ro m F . Bla ir ,
DDA D i v . ,  u P  C o r p o r a ti o n ) .  This is  p a r t i c u l a r l y  s ig n i f i can t ,
s inco e the  AT ser ies  is r a t e d  at  only 200 hp, while the PT
se r- i e s  is r a t e d  at ~t 0 0  hp. System integrat ion tests , hc-we’rer ,
must  he done for  each v e h i c l e .

F i r r i l a r  cases of ar-oath have been f o u n d  in  o t her  t r u r , c r —
m i s s io n s .  The T X — l O O  t h r e e — s p e e d  t r a n sm i s s i o n  ( r : nr o n u l s io r ,

only) was r a t e - i  at 175 nhp in  a 2~~, 0 0 - 0 — l b  I i l l3Al  t r a c k e d

personnel carrier’ . It was t h e n  o rp ra t ed  sc. 209 nhp fai r the

28 , 0 0 0 — l b  D u t c h  A i I -~; (A r - n c r - e d  infantry Fight ing C’eh i c  I c )  - The

r e q u i r e d  c omp o n e n t  c h an ge s , w h i c h  e r :t ai led  t h e  use  of ’  ~ r ovo-a

c omm e r c i a l  i t e m s , u n d e r s t a n d a b l y  d id  nc- t cause  an ;, s e r i o u s  net - .

r e l i a b i l i t y  p r o b l em s .

A s imi l a r  u p r a tin a , o c c u r r e d  w i t h  the  X T I — 2 5 0  trarismissic-n

first used for the Sheridan Y— 551. A l t h c u ~oh orIginally

designed for eventua l use of 3~~,000 lb and 250 nhp , the deve l—

opment  took  p l a c e  at 30 , 000 lb and 2 0h  nhp at- 35 m p h .  Subse-

quent changes raised these parameters to 36 ,000 lb an-i ?2-i 8 nhp

at ~~ mph for the r-rodunotion vehicle. The uprat ing. ;-;as accor,—
pl ished by increas ing b: ’n c-ke a l u - t  s t e e r  c l u t c h  c ap a - o l t i e s  an- i  by
r e v i c i a ~~ the  heat  t r e a t m e n t  of gear-s . As f i m a l l y  use-i  in

VIetnam wish anti—mine armor plate and e x tr a  am m un i t i -n , t h e

v e h i c l e  w e i gn e d  03 , 000 l b .

I t  would  appear- t h a t , in a u t o m o tiv e  t r a n s m i s s i o n s , s c al i n-

laws for  in d iv i d u a l  c u - m p on e n t s  are reasonably w e l l  understood .

Thus , when a d e s ign  i s  t e s t ed  at one r a t i n g ,  m u c h  - f  t h e

r e lia bil it ; :  i n f o r m at i o n  is app it - -ab le to a sca l ed— ar : -  or s cale _

1o-Wfl v er s io n .

4
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N e w  des l u -;ns :tr- e usual_ig1— mari e ;-~i t h  an eye  to the economIcs

of  t r’cn I u C t  icon . For -  c - - T r u r n e r - - - i a l  deslgt :s th at are to b e p o c - d -o c o- -i
Ii; l i r ’ ’ e  v o l u m e , sp e c i a l  t oo l s  make up t he large—c- cu-st item ,

n, ; - e r e a s  m a t e r i a l s  are less s ia n i f i c a n t . Thus , h ou s i ng s  arc-
usually -lesigit ed w i th e xtra space for mo o r- c clut ch p l a t es , e t c . ,
w h i c h  may be r eqc ;  I r -ed fo r  hi -d c - ; -  power  -or ~r’eater’ que in a

l a t e r -  model. Itt -n the- -c-th or h a n d , in m ilitary ‘ r-n r;smIsnicr:s ~hat
I_ T o  i;nn oigne c ; for 1:-or v o l u me  p r o d u ct i o n  for-  a sp e c i f i c  s y s t e m ,

S I Ze  ar !-d we i~- h o  are o u t  i;:,i r ed fo r  t h e  ir o d i ’ ’i - d u a l  s y s t em .  Pero-
Is less p r o -v i s i on  for -  g roa t- h c l t a r :  is t y p i c o l  or ’ the c om m e r c i a l

p r o - d u c t .  E v e r y  m o d i f i c a t io n  is , of course , pa~ d for by the

:oi lit  soy customer and , thu s , is a potential sour - -oc of i n c om e .
c o n s e q u e n t l y , t h e r e  is an i n cen t i ’-.’e fcn r t h e  -designer  to c r e at e
d e s i o n s  w i t h  i e s s  r u - c m  for  g r o w t h .

The DDA s~ ru l  o l o n  m e t h o  ci o logy  ma -:-cs i t  p o s s ib l e  t o  a —

d ie t  r- - l~ 
- i~ - lii ty on s c a le d  vera ions of e x i  sting hydrc- kinn:t ic

tranon;-:issions. hut , s of y e t , it  does not  per  it  reliah-~~l i t y

p r e d i c t i on s  on h y i m -  s t a t i c  t r a n s mi s s i o ns , l a r g e ly  b e c a u s e  of
s h o c k  waves , rn ;o e f f e c ts , ic-nd ot her s y s t em  phenomena occar :’ing
in i n c o m p r e s s ib l e  f l u i c o s  in t h e  hydrostatic transmissi:--ro .

- 
These p h e n o m en a  depend on t he  t o t a l  sy s t em c o r n f i ; r - i r c u - t i o n , not

-~ u s t  or ~i t h e  c u m u l a t i v e  a c t i o n s  of t h e  i n d i v i d u a l  c : -r ;pc - n ero t s
a s s e m bl e d  i n t o  t he  system.

E .  Findin g s

It  has o f t e n  been  found pract icable to ir orease the inpu t

r a t i ng  of ’ c o m m e r c i a l  hon :Irokinetic a u t o mo t i v e  t rar i s r : i ss - i on s -  by
a larac- f a c t o r  ( a b o u t  t w o ) ,  w i t h o u t  changinc. the basic tech—

r lo logy . A l l  t h a t  is r e q u i r e-i is to  decrease the torque ratio of

t h e  t o r q u e  c o n v e r t e r , a d - i  c lu t c h  I m l a t e s  an-i l u b ri c a t i o n , or
l i-p r o v e  t h e  h e a t  t r e a t m e n ts .
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— In such cases , reliability and durabIlity work carrie-i Out

on the lower- rated transmissions was applicable , to a ~c- r e t c -t  C X —

t e n t , to  t he  h i g h e r  r a te- - i versions. A successful design co-ui - _i

be scalec e i t h er  up or down , w i t h  m i n i m a l  r i s k .  Cr~l;~’ system

i n t egr a t i o n  t e s t s  had to he done aga in  f o r  each v e h i c l e .  I t

t_ 

is be l i eved  t h a t  these  f i n d i n g s  are t yp i c a l , not  only of hydr’o—

kinetic transmissions , but alsc of other military sahs~,’stems ,
where the component and subsystem scaling laws are r-easor,ably

- ; well known for both performance and r e l i a bi l i t y .  However , t h e y
do not hold for subsystems , such as hydrostatic t;-ansro .Issions ,
where system effects are dominant.

V .  C O N C L U S I O N S  AND R E C O M M E N D A T I O N S

There is considerable similarity in the iev eln roo:er:t hIs-

tories of’ the two ero u T
~~nes and t h e  X— far~iiy of t r a r , s m ts s i c -n s .

Each new design had considerable growth potential , a~ chis

growth  took  p lace  as the  d e v e l o p m e n t  o b i e c t l v e  s h i f t e d . Pr
major reliability problems developed as a result of t h i s  sh i ft.
This suggests  t h a t  an a u t o m o t i v e  c o m p o n e n t  ::- r rio t - s y s t e m :  can
u s u a l l y  be -des igned  w i t h  g r o w th  in m in d . The d e sign  can t h e n
be en g i n e e r e d , b - u i l t , t e s t e d , and debugged . And t h e  r e s u l t i n g
dehugs-;ed design can be alter~-d to meet  a c h a nc e d  s -r e e l  f i c a t i c - n ,
without requirir:e a corr :p le te  r e t e s t  prog ram for  she component ,

although a system integration test program will he reauired .

The reasons f’or growth potential design are clear in t h e
case of hydrokir oetic transmissions : the reliabi lity and per—

formance scaling laws for i~ ~lvidual ccc-mp onents arc- well known.

~~~ The e f f e c t s  of i n t e g ra t i n g  these  c o m p o n e n t s  int - o a s:-; s~~er: a r e
- 

- 

not dominant . Thus , the extrapolation of’ aeliab-ilit y I n f a r m a —
ti on is q u i t e  m e a n i n g fu l .  A r p - a r e r t l y ,  a s i mi l a r  r a t i o n a l e
holds  fo r p i s t o n  engin r - s , and to  a much lesser extent for- tur - —
b lne s . Hc-we-:er , i t  b reaks  down when sys t e m  e f f e c t s  b e c o m e
dominant , as shock waves do in h y d r o s t a t ic t r a n s m is s i o ns  and  as
t h e rm a l  and v i L r a t i o n  e f f e c t s  seem to in some turb ine e n g i n e s .

~
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The above conclusion holds for such industries , as the

automotive one , where a new design can be made to provide for

future growth without excessive penalty. It also requires that

both the reliability and performance scaling laws for com-

ponents be either well understood , or at least be capable of

being formulated and verified during the early development

phase; it also requires that system Integration effects not be

dominant . In such cases , the need may be clear for a certain

system to be developed , whose exact specifications are indeter-

minate. Also , some long leadtime components or subsystems may

need developing . Consequently, we recommend that the develop-

ment of such long leadtime Items be started , using a very ten-

tative specification. A component or subsystem can then be de-

veloped to a design based upon this tentative specification but

allowing for future growth . It can be tested and debugged. If

it then turns out that the specification needs changing to meet

the needs of the system , then the component can be redesigned .

But the resulting redesign will not require as much testing as

the original one , because much of the original testing and de-

bugging information will still be applicable to the modified

design . Thus , it should be possible to fund such long leadtime

items in advance of the date when the final system specifica—

tion is known , and to decrease the need for concurrency ~n the

development of components and system. With components and sub-

systems made available by an early development process , the

system designer can then proceed to design the system with a

minimum of overall risk.

Another conclusion that can be drawn from this case study

is that , often , the incentive system Is such that new designs

have relatively little provision for growth , even though allow—

ing for such provision may be technically feasible and may not

entail any unreasonable added cost or increase in size or

weight . Accordingly, we recommend that in drawing up specifi—

cations for new component or subsystem designs , consideration

should always be given to the inclusion or a requirement that

0—22
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the new design allow room for future growth. The decision on

whether to include such an item in the specification must be

based on a cost—benefit tradeoff for each case , giving due

weight to the issues outlined in the preceding paragraphs .

The study shows that independent research and development

plays an Important role in the uninhibited , early invention of

new devices and components , and that 6.2 and 6.3A funding sup-

ports early development . These new devices and components of-

ten serve as the very basis for new system ideas , as in the

AVCR engine , where their early development is a precondition

for the ultimate development of a new system .

Just as the existence of certain new devices and components

is a prerequisite for the development of certain new systems ,

the existence of mature components and subsystems Is a prereq-

uisite for the development of a low—risk system. This requires

extensive early development , including substantial RAM work for

selected , long leadtime components and subsystems .

Thus , we recommend the services ’ sponsorship of early de-

velopment for some long leadtime devices and components. For

a few critical , long leadtime components and subsystems , early

RAM work should also be undertaken.
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APPENDIX  0

THE GAU-7 GUN

I. INTRODUCTION

The development of the F—15 fighter was preceded by nearly

a decade of studies and analyses. In the course of these

studies , a need for a new aircraft cannon was identifIed.

To minimize concurrency in the new fighter program , the

Air Force undertook early development of some of the high—

risk subsystems before airframe development .

A QMR was developed for a high performance aircraft

cannon (HIPAC). This resulted in contracts with AeronLtronics

Division of Philco—Ford Corporation and with G .E ., in the summer
of 1967, for competitive developments. In January of 1968,

Aeronutronics accepted a proposal from IITRI for the develop-

ment of a high—performance telescoped round with a fully corn-

bustible case.

Phase I of the program was a conceptual design . Phase II

(1969—1970) was a continuation of the gun design , ammunition

development , and gun fabrication. Phase III covered the design

of a feed system and a shootoff to select the contractors who

would complete the development and undertake the manufacturing

of the gun and ammunition.

In Phas e IV , which was to be the final stage of develop-

ment , problems arose that could not be solved under the con—

straints of time , funding, and special requirement s for the

weapon. And the GAU—7 program was terminated.

‘ p..
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II. D E V E L O P M E N T

The design of a gun system requires coordination of the

design of the aircraft , gun , ammun ition , feed , and storage
systems . Historically , it has taken 8 to 11 years to develop

a new gun and new ammunition. If the ammunition exists al-
ready , then gun development proceeds smoothly in about six

years . In the case of the GA~J—7 , a concurrent development of

gun and ammunition was planned , and several of the requirements

for the gun and ammunition exceed the state of the art .

The GAU-7 program began with a set of requirements calling

for :

• Caseless ammunition

• A fully telescoped round

• High velocity: ~~ 14000 fps

• High rate of fire: “~ 5000 rounds per mm

• Lightweight gun

Phase I of HIPAC included conceptual design and gun and

ammunition tests , which called for the firing of some rounds

from a single—shot test fixture . This phase was to demonstrate

technical feasibility, including the feasibility of telescoped

caseless ammunition . Philco—Ford and G.E. were prime contrac—

tors and IITRI and Hercules were ammunition subcontractors .

The primary purpose of telescoping a round is to reduce

the volume of ammunition carried. Various degrees of tele-

scoping are possible . Full telescoping is where the total

round Is essentially the same length as the projectile . Partial

• telescoping is where the round may be considerably longer than

the projectile. Full telescopIng presents some difficulties.

It requires a special ignition time history , enabling the pro—

~ectile to move forward into the chamber and seal , followed by

the development of full chamber pressure and the propelment of

the round from the barrel.
4 
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With respect to telescoping, IITRI reported:

“The barrel entrance for telescoped combustib le-
car t r idge case rounds must be carefull y desi gned.  Th e
reason for this care arises from two conditions directl y
related to telescoped combustible -case rounds . First ,
the combustible case provides a soft launching p latform
for the projectile , guiding it into the barrel. Second ,
the teles coped feature of the design means that the pro-
jectile must travel its entire length before it is corn-
p le tel y within the barrel , whi ch means that , compared
to a standard confi guration round , the round velo city
at  the  time i t  is co m p l e t e l y within the barrel is high.
Third (and related to the second po in t ), i t  is des i red
to project the round out of the telescoped combustible
case as fast as possible to obturate the barre l and pre-
ve nt blow -b y from the propellant ahead of the projectile
(in the annular section surrounding the p rojectile in
the case ). Under these conditions -it is possible to
generate a transient projectile jump that causes a de-
viatio n between the axis of the projectile and barrel.
If, under such a condition of misalignment , the round
engages a rifling in the barrel , sub j ec t i n g  i t  to a
r o t a t i o n a l  coup le , proje ctile balloting can result.
Thus, when the proj ectile leaves the muzzle it may have
a sp in about some undetermined axis. In effect , the
yaw at the muzzle is a function of the yaw in the barrel ,
which is depe ndent upon the barrel entrance conditions. “

IITRI also observed that previous firings with 30—mm corn—

bust ible case ammun it ion , with a specially designed barrel en—
trance geometry , gave stable round—to—round launches. It pro-

posed to make the 25—mm MIFAC barrel entrance s~ milar to that

of its 30—mm design .

The term “caseless ammunition ” means that there is no non—

consumable external shell surrounding the propellant , and that

the propellant itself , or some other consumable material ,

serves as the container for the propellant , primer , and projec-

tile . An acrylic fibre and nitrocellulose were used in the

round , and a residue problem arose.

The absence of a hard case also introduced the problem of

sealing the hot combustion gases into the chamber.

D— 3
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The residue and the sealing problems became major issues

during this development .

The Phase II program , in 1969—70 , included the finishing

of the gun design and continuing ammunition development . G.E.

and Hercules were active in the program also. Aeronutronics

was confident that all problems could be solved. The main

problems in Phase II were

• Sealing the chamber

• Sealing the firing pin

• Residue accumulation and metal erosion

• Designing the feed mechanism.

The sealing problem affected the gun performance , because

leakage of the hot propellant gases eroded metal and Increased

the tolerances , thereby reducing the gas pressures and the pro-

jectile velocity. Reduced chamber pressure mitigated the seal-

ing and erosion problem , but it also reduced the projectile

velocity.

The residue accumulation lead to a short firing life for

the gun. The corrosive gases leaking past the seals , coupled

with the deposit of the residue , lead to considerable reduction

in burst length.

Problems in the ammunition feed system arose from the merg-

ing of the feed section and the gun . A principal concern (of

the military sponsors ) was the possibility of the ammunit~ on

getting wet or too hot or cold . A protective coating was added

• to the rounds , which had to be stripped off before the round

could enter the chamber. This was an additional complication.

Rounds were being damaged in the feed , and the stripping mech—

anism was not working well.

The high firing rate of the GAU—7 demanded a gun that was

externally driven , i . e . ,  the action was separately powered as

opposed to guns driven by recoil or hot gas . This required a
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uniformity of firing times that was not present in the caseless

ammunition. Rounds were being damaged in the feed , and jamming

occurred. It was hard to get the velocity up to the specified

value , because of the need to reduce the action time to raise

the rate of fire .

Early in the program , IITRI calculated the driving loads.

It concluded that- the bearing stress on the driving force , and

the shear acting across the base of the band , could be allevi-

ated with high copper content rotating—band compositions .

IITRI recognized , at the start , that the centrifugal stresses

in the rotating band represent a critical design area , and it

recommended consideration of a welded overlay band . The Air

Force , however , insisted to the end on a plasti c rotating bar .d.

The plastic hand never worked , and this became a r-.a~ or obstacle

and an important . factor in the future of the program .

Another major problem surfaced at this time : round sur-

vivability and vulnerability. The rounds burned , hut they did

not explode unless confined. Rounds would be confined in the

aircraft , which became a major issue with the airframe con—

tractor later on. Several methods for quenchIng fires were

considered , but no decisions were made at this point .

Phase II ended with the firing of the Phase II fixture
(L~5OO r/m ) with a 25—round burst. The burst was limited by

residue buildup . The problems that followed the program to the

end were set by the conclusion of Phase II.

Phase III was to establish proof of principle. It Included

the first contract award for feed system design to accommodate

150—250 rounds . The rights to the telescoped caseless round

concept of IITRI were sold to the Brunswick Corporation , during

Phase III , and Brunswick became the supplier of ammunition to
Philco.

Hercules (G.E’ s partner in the competition) was permitted

A to supply rounds to Philco—Ford for evaluation. Aerojet Corporation ’s

I



Shillelagh companion round was also considered. Philco con-

sidered the Brunswick round to be structually better than the

Hercules ’ round , but the Hercules ’ round was better from the

standpoint of environmental protection , e.g., waterproofing .

Although the Philco gun could fire at the design rate but

only in short uneven bursts , Philco ’s attitude was very opti-

mistic. At this time , a restaffing took place at Philco—Ford

Aeronutronics. People formerly occupied with the reentry pro-

grams were transferred to the gun program . A shootoff at Eglin

AFB was scheduled for the end of Phase III. The F—15 aircraft

contractor had not yet been selected.

Philco—Ford Aeronutronics heat G.E. in the shootoff at

Eglin. G.E. encountered problems in the shootoff that Aero—

nutronics would have later on. The gun weight was reevaluated.

A 150—lb reduction was desired , because the Air Force wanted

the GAU— 7 to be similar In weight to the 20—mci cannon. This

was to pose a major problem in reliability, because weight had

to be reduced from highly stressed parts.

The requirement for light weight in a high—performance gun

demanded removing metal from highly stressed parts. Further-

more , since the gun was externally driven , uniform action times

and rapid ignition times were required. Both of these require—

ments were unachievable , because of the pulse—pulse mode of

propellant burning . Variations in timing, stemming from lack

of round repeatability, leads to jamming, broken rounds , and

possible damage to the lightweight stressed parts.

Phase IV was to be the development of the actual gun . All

of the Phase III work involved prototypes and test fixtures.

Philco could riot improve the Phase III product by 30% , and now

it started to design a new gun , with separate chambers. The

weight requirement was unrealistic , since the weight goal was

well beyond the state of the art for guns . Furthermore , the

ammunition was not to be changed . The decision was that Phase

4
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III ammunition was considered not bad , and now it should be

made producible in large quantities.

The design problems now began to surface. The ammunition

had to be burned in the “nonstop ” mode to achieve ballistic

performance , but the seals required a pulse—pulse mode. Sub—

specification ammunition would work the gun seals properly ,

but it would lose about 1000 fps in velocity. This problem

was caused mainly by the fully telescoped aspect of the case—

less roun d .

The new gun design , with separate chambers and two seals ,

compounded the problem. Design alternatives that could have

minimized seal problems were not tested , e.g., the M— 6l recip-

rocating bolt , front load revolvers.

The proposed solution to the survivabLity and vulner-

ability problem was to eject the ammunition storage box after

a fire warning and before explosion. This proposal was not

acceptable to the ~ir Force. Satisfactory solutions to the

GAU—7 problems were not forthcoming by the deadline imposed by

the F—l5 SF0, and the GAU—7 program was terminated .

It is important to recognize the coupling between the

problems of the gun and the problems of the ammunition . The

problem of the gun sealing propellant would not have occurred ,

if a fully telescoped caseless round had not been required .

The poor sealing of the chamber permitted ga~ blowby, and the

subsequent metal erosion and residue deposition contributed to

the short firing life of the gun.

Toward the end of the program , some tests were run at

Eglin AFB , using a plastic cased cartridge with a copper rota—

ting band . This round did duplicate the GAU-7 ballistics on

a test fixture , but the copper band could not be considered

further , because the program demanded caseless ammunition and

a plastic rotating band .
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The mass production rounds made in large quantity for

Phase IV had larger dimensional variations than those of the

test rounds made for Phase III, and this contributed to the

• sealing problem too.

I I I .  O B S E R V A T I O N S

The principal requirements of the gun system were :

• Ballistic performance
• Firing rate

• Gun weight

The .~pecific requirements for the ammunition were :

• Caseless round

• Fully telescoped round

• Low vulnerability and high survivability

• High resistance to environment (e.g., waterproof , and

temperature insensitive).

The apparent objectives in specifying the fully telescoped ,

caseless round were to save on volume and to preclude the use

of shell cases. The consequences of specifying fully telescoped ,

caseless ammunition are listed here according to the source:

• Full telescoping caused ~roblems in:

— Projectile seating

— Sealing the chamber
— Pulse—pulse mode of propellant burning.

• Caseless ammunition caused problems in:

— Sealing the chamber and firing pin

— Residues

— Survivability and vulnerability.

In retrospect , It appears that yielding on some of the re-

quirements might have saved the program . But it would have di—

minished the superiority of the new weapon over what was already

available , thereby reducing the justification for the new weapon
-A development .
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I
~ Early development might have be~ n helpful by exposing t h t -

problems earlier. But it Is not clear that this would have

prevented the failure , since the problem symptoms were ignored

I during the directed development .

• I 
B I B L I O G R A P H Y

IITR I Progress Report , Project K6127, June 1968.

j IITRI Progress Report , Project J6055, 1968.

USAF Ammunition Test Laboratory, GAU—7A 25—mm Aircraft - Gur ,
System, Vol. 2: “Ammunition Subsystem Development CU),” A F A ’L —
TR—7 2—lll , Vol. II, June 1972 (COnFIDENTIAL).
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A P P E N D I X  E

THE SRAM W E A P O N  S Y S T E M

This appendix reviews the history of ThAN , empriasizing
the problems encountered during development of one crItical

subsystem. The high performance specified for the system pre—

cluded the use of off—the—shelf components or subsystems . Each

subsystem required required significant advances in the state

of the art and not just repackagin~ . Without definite specifi-

cations to work toward—-not only in the usual performance

parameters but in volume , weight , vibration environment , power

required , radiation hardening , etc .—— the independent develop-

ment effort would not have p~’odoced usable components.

Information contained in this appendix was obtained

chiefly from A. H. von der Esch , who was general manager of the
Lockheed Solid Propellant Division ciuring the entire SRAN de-

velopment program , and from John . P. Smith of Boeing , who was

head of the SPAM Systems Engineering from the first concept de—

veloprnent activity to the delivery of the l000th missile.

I . S Y S T E M  D E S C R I P T I O N

The SRAM weapon system (also known as the WS-l~ 0A) consists

of a nuclear—armed miss ile , airplanes that support , control ,

and launch the missile , specialized ground support equipment ,

and trained personnel. The missile can be launched throughout

a wide envelope of carrier aircraft speeds and altitudes , wit- h

its flight programmed for one of many trajectory and velocity

profile options. The trajectory may be semiballistic for max—

Imum range or low—level performance , controlled by either an

inertial system or an altitude sensor. The weapon ’s velocity

profile , shaped by a two—burn , variable interval solid rocPet ,

may be programmed to provide maximum velocity over the last 10
4
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miles , ma x i m u m  average v e l o c i t y ,  or m a x i m u m  range . The target
may be at any a z i m u t h  fnc- rc t he  l aunch  a i rp lane , i n c l u d i ng  t o
the rear . A given m i s s i l e  i s  u n c o m m i t t e d  to a s pe c i f i c  t a rge t ,
u n t i l  t he  t a r g e t - c o or d in a t e s  are fed i n t o  ~he c iss i ie  c ur ing
launch c o u n t d o w n .

Currently, t o t h  the B— 52 and FB-lll  a i r c r a f t  are opera-
tional carriers of SRAM . The B—l is expected to be a SPAN

carrier and is designed with three identical weapon hays , each

180 inches long , with a capc~city of eight SRA i~i mis siles on ro-

tary racks .

I I . P R O G R A M  H I S T O R Y  (See  Fi g. E - i

The S p e c i f i c  Opera t iona l  Requ i reme nt (SOP)  t h a t  led t o
SR AM was i ssued by the  Air  Force i n 195 14.  The Boe lni - Corpam :,

was one of two w i n n e r s  of a Sys tem D e f i n i t i o n  Con t r ac t , cover -
ing work in 19(5 and 1966. In November  a 5 6 6 , a t o t a l  packa ge
p rocurement  type  c o n t r a c t  was let  to Poe ing ,  co ve r ing  the  de-
sign , develop ment , tes t , and ~~v d iu ~~t i of l  of the  whole  s~’st em .
Boeing had n~ ar- —c r ip l e te  con tr o l  over s y s t e m  d e s i gn  and s u t —
c o n t r a c t o r  s e l e c t i o n .

F The f i r s t  ot - e f .  in leve locing  SPAN was to put together a

specification tcee that identified all mo~ or functional equip—

ment and the equipment’ s interactions. The equipment was di—

vicod into th r e e  categories:

• A ir ~eLicle Equipment ( A y E ) ,  which consists

of’ m i o s i  le compor - ents

• Th—fl.l and B—52 Carrier Aircra ft Equipment

(CAE), which consists of SRAM system avionics

• Aero space Gr ound  Equi~ ment (AGE), which con—

sists of all dedicated ground equir~ment nec—

escary for SRAM operation and maintenance.

I
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Ya~ or sections of the AVE are what are usually referred

to as subsystems , but all major elements of the CAE and AGE

were developed as subsystems specifically for SRAM .

The selection by the prime contractor of subsystem sup-

pliers was done in stages. First , the system manager (Boeing)
• had to be sure that he had knowledgeable personne l of his own

for each of the technical areas involved. Preliminary screen-

ing was then accomplished on the companies that had expressed

interest in bidding on the development and production of each

subsystem . The companies were screened according to the usual

criteria of past history , plant facilities , available personnel ,
and tho understanding of the problem . Bids were then invited

on very detailed design specifications , and the selection was

made based on the received bids. The state of the art was being

pushed in all areas , and competition for the contracts was in-

tense.

The system development and integration job did not go com-

pletely smoothly. There were mistakes in judgment as to the

available level of technology , and as to what performance could

be delivered when. Several law suits resulted between supplier ,

the prime contractor , and the Air Force. But the first launch

occurred on schedule in June 1969, with the f irs t  production
missile delivered in 1972 (see Fig. E—l). The last missile in

the 1500 total came off the production line in February 1975

and was delivered to the Air Force in August 1975.

I I I .  P R O G R A M  R E S U L T S

• The SEAM weapon sys tem pro gr am reached I0~’ on s.~he du l e  in

1972 , with only a small reduction in performance from that en-

visioned in l96’-~. The average cost per missile of the first

block of production miss iles was much higher th a n  on i g ~ nally

planned. But the costs went down a steep “learning curve ” ~nd ,
- 

~. at the end of production , actual unit cost was below the pre—

dicted value and below that of the negotiate d price. The only
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incentive provision in the prime contract was for radar cross—

section reduction , under which the prime contractor earned al-

most all of the available incentive award .

Today , SRAM i s a s u c c e s s f u l , opera t iona l  sys t em w i t h  no
recognized deficiencies. Other than shooting down the aircraft

that carry it , no high—confidence military weapon exists , of

either the United States of the Soviet Union , to counter the

SEAM . The Air Force has no modifications planned and no SOR
for a successor.

I V .  D E V E L O P M E N T  P R O B L E M S

Most major new systems have some problems in meeting the

original schedule and product specifications . But increased

management attention , with minor reallocation of development

resources , will usually provide satisfactory solutions.

The SEAM system exemplifies this philosophy , but to an

extreme degree. The weapon system required advances in a num-

ber of’ technical areas: guidance , radar cross—section reduc—

tion , flight control subsystems , and propulsion , which was the

most critical. The system concept was based on achieving not

only high total impulse in a given volume , but  also the de-

livery of thrust in two pulses , separated by a variable—length

time interval. Rocket restarts had been accomplished before ,

but not at the low temperature and pressures associated with

high a l t i t ude . Several new technical problems were introduced
here , and the difficulty of solving them was seriously under-

estimated in the system planning and definition phase. The

problems of getting adequate bulk specific impulse and a nozzle

liner that could withstand temperature cycling were particularly

difficult . No previous development effort , either contract—

fun ded or IRAD , had progressed to a point where the level of

technology could be reliably extrapolated.

E-5
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The competition for the contract to develop and produce

the SHAM motor was intense. Competitors were the leaders in
the industry , including Lockheed , Hercules Powder , Thiokol , and
Aero—Jet General. Lockheed , through its propulsion subsidiary ,

won the competition to develop the motor with a fixed price bid

of a p p r o x i m a t e l y  $6 million. The next  c losest  bid was for  $7
million.

By the time the motor was qualified , approximately three

years later , Lockheed had spent $66 million. During the

height of the development problems , when motors were consist-

ently blowing up test stands , the prime contractor (Boe ing)
had more engineers  work ing  on the  p ropu ls ion  s u b s y s t e m  at
Lockheed than Lockheed did itself. Another indication of the

t echn ica l  d i f f i c u l t y  in th i s  area was the i n a b i l i t y  of Thiokol ,
during the  p r o d u c t i o n  phase , to q u a l i f y  as a second source of
motors , even a f t e r  being given a $12 m i l l i o n  c o n t r a c t  and much
of Lockheed’ s know—how. Eventually , the motor was developed

w i t h  only  a minor compromise  in low—leve l  p e r f o r m a n c e .  The
t w o — p u l s e  concept  Is work ing  as p lanned , and the  opera t iona l
reliability is high . Lockheed recovered most of its develop—

‘I ment c o n t r a c t  losses dur ing  the  p r o d u c t i o n  phase , but  sub —
sequently dropped out of the solid propellant business.

Ser ious  development  p rob lems  a l so  e x i s t e d  in the  gu idance
subsystem and in components  of the  f l i g h t  con t ro l s , bu t  none

came as close to causing the program to f a i l  as d~~i t h e  pro-

p uls ion r. r ob lem.

V .  F I N D I N G S

a. The SEAM system used no off—the—she lf subsystem or

major  c o m p o n e n t .

Comment: This should be expected. A high—performance ,

high—technology system such as SPAN would probabl y not-
incorporate any existing subsystem except , possibly,

one that represents so much development t ine  arid cost
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that to reject it would be to make the new system

economically infeasible. There was no such subsystem

for SRAM , unless the launch platforms (B—52 and FB—ll l )

could be considered as such.

b . The specific operationa l concept and the physical en-

vironment for a weapon system are critical In the de-

sign and evaluation of important subsystems .

Comment: The SRAM system provides the example , in the

case of the propulsion subsystem , where , If a high

specific—impulse motor had been developed independent y

without knowledge of the heat soak problem or even of

the very severe volume limitation , it probably could

not have been used . To develop a high technology

piece of hardware , with the intention of producing a

standard item , is a very risky undertaking. The

likelihood of understanding the relative importance

and utility of all the possible specification parani—

eters appears very low indeed. For example , these

parameters include vibration , resIstance to radiation ,

total observables , volume , and required operating t i m e

E-7
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A P P E N D I X  F

F O R W A R D - L O O K I N G  I N F R A R E D  S E N S O R S  ( F U R s )

Forward Looking InfraRed sensors (FLIEs ) have been devel-

oped over a long period . By the midsixties , FLIEs already had

good performance , rivalling low light leve l TV (LLLTV). The

market was poor , however; most buys were for only one or a few

units at extremely high prices ($500 ,000). Volume production

was unknown , and there was no real hope of lowering the unit
price as long as each unit required R&D , followed by custom

design and fabrication .

The Night Vision Laboratory (NVL) at Ft. Belvoir had been

set up by the Army as the lead laboratory in the infrared area.

It had already a well—developed organization for dealing with

both R&D for new technology and the translation of new tech-

nology into volume production. It achieved this capability by

developing the required production engineering methods and by

standardizing the required product to increase the volume re—

quired. This was proven during the long (more than five years)

and successful effort to standardize Generation I and Genera—

tion II image intensifier tubes. During that effort , tubes

with 18—mm , 25—mm , and 50—mm photocathodes were developed as a

standard family, and were used in a great variety of applica-

tions.

In its role as lead Army laboratory in infrared , NVL , with

strong encoura gemen t from ODDRE , studied the market for FLIP

sys tems , both in existing applications and in new areas that
might open up, if the price were to plummet. It concluded that

the market would really open up, if the cost of FLIR systems

‘4 could be lowered to between $10,000 and $50 ,000.

F-l

~~~~~~~~~~~~~~~~~~~



F .

~~~

-----—. .— --—---— - -—
~~~

- -—-- - -- -.- .-•—-— 
—-— ., -

NVL , still with the strong encouragement of ODDRE , used

its position as the major service funding agency for infrared

R&D to force the standardization of FLIE—related detectors using

HgCdTe , a m a t e r i a l  tha t  can a t t a i n  su i t ab l e  d e t e c t i v i t y  at
770K. The deciding factor here was the relatively high tem-

perature of operation and the moderate cooling load.

NVL was then instrumental in initiating a triservice study,

sponsored by the Joint Logistics Commanders , on the modulariza—

tion and standardization of building blocks for FLIR system .

An NVL study team defined the requirements for’ the various

b u i l din g  b locks  and inven ted  some des igns  su i t ab l e  for  modu la—
tion , including an oscillating scanner. Honeywell and TI were

asked to brassboard these designs ; TI produced a suit-able pro-

totype . With the backing of the Joint Logistics Commanders ,

EVL was then able to proceed with the standardization e f f o r t ,

us ing  the TI sys t em .

Throughout  t h i s  program , the  Army suppor ted  NVL both be-
cause of the logic of its actions and because NVL was the Army ’s

lead l abora to ry  in infrared. The Navy had no centralized view

on this subject , although Adm iral Kidd did back NVL. The Air

Force was less cooperative ; at one point it tried t-o have a

different FOIR system one designed with serial scan by Honeywell

adopted as the common FLIR system for all tactical applications.

Certain approaches were the key to attaining success in

• this effort . Eirst , a procurement approach had to he developed ,

in parallel with the technological effort , to ensure the devel-

opment of volume production capability by several contractors.

Suitable data packages had to be obtained from TI, and their

v a l i d i t y  had to be checked  in house by a c t u a l l y  b u i l d in g  the
various modules from them . This took much effort——and some

3000 engineering changes! Once a valid production dat a  package

was avai lable , a second volume production source had to be

found ror each module. Thus , competition——and lower prices-— —

were assuned.
F—2
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In this programs , it became clear that ~he repai r’ p- h~ l cs —
onhy dictated the data requirement . For’ throwaway modules ,

t~o rin , f i t , and f u n c t i o n  s t a n d a r d i z a t i o n  is sufficient . But for-
every module tha t  must  be r epair ed  by the Gove m - n n e n t  (as  or’ —
posed to repai r  by the c o n t r a c t o r ),  c o n f i g u r a t i r n  c on t r o l  is

essential , and detailed information on the interna l structure
of the  module  is required to r - e rm i o  r e p a i r .  Thus , part lists ,
drawings , etc., are needed.

NVL had the  advantages  of the f ul . suppo: t of ODL4:E and

of having no other service organizatIon as significant compet-

itors in the  f i e ld  of in f r a r e d .  Hut NVL also had to provide
the Government with a continuity of purpose in this five—year

endeavor.

Our conclusions with respect to developing subsystem~’ sis-

liar to the FLIR systems are as follows :

1. To provide the real benefits of standardization , wa~ s
have to be found to ensure volume p r o d u c t i o n  by two
or more suppl ie rs  and con t inu ing  c o m n e t i t i o n .  T h i s
en ta i l s  the  development  of a suitable production hota
package and an indus t r i a l  ba se .

2 .  A repair ph i losophy  must be de f ined  ear ly  in  the
s t anda rd i za t i on  process . If se rv ice  repai r  is con-
templated , then configuration control must be ii: -
plemented  inside each m o d u l e ;  form , f i t , and f un c t i o n
standardization is not sufficient .

3. A strong central guiding organization , capable of de-
veloping both technology and an industrial ease , is
central to a successfu l standardization effort.

4
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A P P E N D I X  G

A I R C R A F T  S U B S Y S T E M S

I. S U M M A R Y

A preliminary analysis of aircraft subsystem d e ve l op men t

was carried out by examining  the h i s t o ry  of th ree  m i l i t a r y  a i r -
craft : The A— u , F— i5, and F—l7/F—l8. The A—~ series has a

20—year history , the F— l5 is just getting into squadron service ,

and the  F — l 7 / F — l 8 , which  evolved f rom the  T—38/F—5 serIes , are
— in the prototype development stage . Despite the different life—

cycle phases these aircraft are in , there are some sirzilarlties

in the programs that are worth examining.

The pr incipal  ca tegor ies  of subsys tems  c o n s i d e r ed  in this

study are :

• Avionics

-Radar

—Communica t i ons  and nav iga t ion
-Weapons control

-ECM

—Digital computers

• —Heads—up displays (HUD)
• Mechanical systems

• Secondary power

‘ Fuel Systems

• Escape systems

• Landing gear wheels  and brakes

Among the programs considered here are a few examples of

early development , although generally suhsystem development is

concurren t  w i t h  the program (and  migh t  be a repackage of ex-

isting equipment). Acco rding to the definitions established
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f or  t h i s  t ask , ea r l y  d eve lopmen t  or Independen t  deve lopment
does no t  usually play a major i-ole in t h e se  acquisitio n pro-

cesses; exceptions sjc-ht be such long leadtime items as engines

and radars . The aircraft p r-icc- contractors exhib it clear pref-

erences for  p a r t i c u l a r  modes of s u b s y s t e m  d e v e l o p m e n t  and ac-
q u i s i t i o n .  They look f i r s t  for  s u i t a b l e  equ ipment  a lr eady in
producti on . However , for first—line aircraft , m a ny  c r i t i c a l
items are not available and have to be developed. The contrac-

tors themselves prefer to  con t ro l  the  develo pment  of cr iti cal
items as c-FE. This is an obvious and natural preference from

the  s t a n d p o i n t  of the  p r ime  c o n t r a c t o r . A f t e r  an it em becom es
developed , It might become GFE and be made available t -c other

sys tem s , a l though  t h i s  outcome appears to occur  in very few
cases.

In some Instances , the aircraft arid engine R&D programs

are carried on under project names , or designations , t h a t  are
different from the ultimate designation of the program (e.g.,

the F—l 5 airplane went through a long program definition study

phase known as the F—X). During this study phase , both e n gIn e
and radar developments were start-ed , although they were not

completed before the airframe development program began. We

consider these to have been early developments of long leadtime

i t e m s .

Another early (though unsuccessful) development associated

with the F—l5 was the GAU— 7 gun . The expe r i ence  w i t h  t h i s  gun

indicates that high—risk items should not be tied to a particu-

lar program. Delays in the development of the it-er . can threaten

de lays  in  t h e  ad n c r - a f t , t h e r e by  for c i n g  t h e  p r o g r a m  manager  to
su b s t i t u t e  p r o v ’n  t e chno logy  o~ lowe r p e r f o r m a n c e  t h a n  co-n—
sidered desirable .

Some r ecen t  expe r i ences  in d i c a t e  t •h a t  h ioh—r-i s k items

shou ld  not  he t i e d  t o  a m aj ~~r s y s t e m  p r o gr am ( t e c h n o l o g y  demo n—

st r a t i o n  s h c al d  he independent). But m a j o r  pro grams are an
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important source of funds , and ne~ programs are catalysts for

ideas on new developments beyond he technology demonstra~ ion

stage . The aircraft companies id ntify areas where particular

incremental developments or appl i a t i c~ns would  b e n e f i t  the i r
projects , and they use IR&D funds in many i n s t a n c e s .  The corn —
panies will seek c o n t r a c t s  for fo lowon R&D ( e spec ia l l y  tech-
nology demo n s t r a t i o n ) ,  not only ~or the fu nd ing ,  b ut  also for
a form of endorsement or qualification of the equipment in

terms of the sponsor ’s project report , assuming that the

equipment  passes  the q u a l i f i c a t i o n  t e s t s .

While desig ners  wi l l  t a i l o r  and cus tom design sys t ems  to
get better performance and will ti-y to avoid pe r fo rmance  penal-
ties associated with standard parts , components , or subsystems ,
prototype budgets are often inadequane and can cause short cuts

that  are r eg re t t ed  l a t e r .

II . A -4 AIRCRAFT SERIES--DOUGLAS A I R C R A F T  C O M P A N Y

The A~~~ L~ was designed in the early l950s by the Douglas

Aircraft Company (El Segundo) as a carrier-based attack plane .

Douglas (El Segundo ) c rea ted  many new a i r c r a f t  des igns  in  the
early l950s. One new aircraft design per year was typical , and

they were pushing the  l imi t  of tha t  t echno logy , i . e . ,  the  air-
craft itself was the limit. The subsystems were relatively

s imple  and the  equ ipment  could  be made by the company i t s e l f ,
a l though it chose not t o  make small  s tandard p a r t s .  For ex-
amp le , Douglas made its own landing gear . After a prototype

was b u i l t  and t e s t e d , i t  fa rmed out the f a b r i c a t i o n , f rom the

• company drawing s , to s u b c o n t r a c to r s .  This “ make it inhouse ”
philosophy was typical of the El Segundo Division. On the other

hand , the Santa Monica Division of Douglas was oriented towards

commercial aircraft and tended to buy subsystems from outsIde

suppliers.
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The A_Li was designed with th€ El Segundo philosophy . It

was equipped wit.h unsophisticated electronics and with meager

navigation equipment . The basic communications and electronics

weighed 120 lb , o r i g i n a l l y .  As experience was aalned with the

a i rp lane , it was decided tha t  more e l e c t r o n i c s  -and av ion ic s
— were needed.

There were two ways to develop these items:

a. They could be planned as GFE f r om the beginning , or

b. They could beg in  as CFE , where the company had re-
sponsibility for development . Later this equipment
would  become (iFE , a f t e r  the development problems had
been solved.

Douglas preferred the latter mode .

The new equipment  for  the  A— ~4 r equi red  going  to subcon-
t r act  competItions among s p e c i a l i s t  houses .  And the equ ipment
bought in this way usually had very specific functions.

Table G— l shows the evolution of the A— 1-4 and its sub-

systems . The A—~ changes were always short—term improvements.

There was no long—range plan for these developments , because

each m o d i f i c a t i o n  to the A—24 was made for the next buy , w h i c h
was a small number of a i r c r a f t . With  the excep t ion  of the
eng ine  and the AN av ionics  equipment , most  of the  s u b s y s t e m s

a were developed s p e c i f i c a l l y  fo r  the A— 14 .

Some specific systems are singled out for discussion ,

because they illustrate some general points that are worth

n o t in g .

A . E s c a p e  Sy s t em

- • The Douglas Aircraft Company develops and sells escape
systems . In concept , each one d i f f e r s  s l ig h t l y  f rom the next .
This requires new development and new design , and there is n on—

recurring money spent on qualification testing . For example ,

the divergence from the aircraft must be t e s t e d  for  each escape

system , which requires zero—zero trials and sled tests. Even

P..

- — ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~ 
- -‘ ..o-~. ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~ .. ~.. ‘a

i~L 
_________ 

_ _ _



r -
~~~~~~~~

- ---
~~~~~~~~~~~~ ~~~~~~~~~ •

- - i 9 o i. 19 5  1964 
___________ _________ 

1967

IT~~4 £.1 4.1*7 110 4.1.4 4110 4.1.4 a,JIC 0.46 £.J’P T*.4p 4.1.~ 1a.40 0.444

A, 1050 
____________ _____________ ____________ ____________ ______________ ____________ ____________ —
J~~~~

_4U ?37~~~ 0, 11 j51. .00, TI 052.7.60. ~~

$4054 045 ..11.l~ 1 045 .01.211 J 4 ~01.16A 065 .4.20 063.4.70 j65.148 j52 ’.7.’8&, 61 j .P.4.8 057.7 .8*, 05 J52.P -.0a~ 6* • s .o .-h , o~ ~~~~~~ 6*
J45 ~44.1*70

1.70° ~ 7.?oo # 6~5oO *‘ ~.3oo 8 ,soo

7,700 # 8.1010 7.700 6,1.00 I 8,1.00 # 6,l’ool ,•300 4 U,20o ~~~~ I ~.)o0 ,,~oo ,~,oc •
6.1.00 1 

__________ _________ _________ __________ ________

10001. 1110404-41. 5. 400 US 5~410 4.50 5~1*00 LII 5/400 1.50 5, 400 LOS 5, 400 US 5, 1.00 1.10 5,1.00 ~~ ~.4- US 5, 100 LOS 1. 0,03 LaS 5,1.00 Us 8,1.
OTtO lIlAC!?? 800 0 42, to o GAL 800 0*1. 000 GAG. 800 501, 600 GAL 800 GaL too 001. 060 GaL 600 441. 400 GAl. 800 GIL ‘~

4101 3145T00 41 40 #0 440 40 IC 110 #0 NO 40

PIIU40 011004 NO 010 TOG 015 04-5 TOG TOO TOO TOO 015 015 TOO 071

£111 #~~U1L1I.0 500*1 40 015 TOO MO MO $13 TOG TOG TOO 315 TOG TOO 071

00011 10 NO MO MO MO IC *0 III *0 M6 NO

— apI o/ A 0 4 1 .  110 00 10 40 MC TOO TOO TOO PROVISIONS S . 0~ 40

01100* S?0?~~’ 5 LITTI 5 LI100 5 Ll?00 5 LIT~~ 10 LIT00 10 L1100 SO LI?00 I D LI T ~~ 10 LI?~~ 10 LIT00 SO L0!~~ RI P400GUTlO N I NI
£011405 04571

*0040? (7)  15010*C.L*.I 101*100.1*—I OSC *?8 C .1A.1 OO C A P *C .1A.l IS C *P4C.1A _ 1 1500?O C—1i—I 1510,1.1 IS CAP1. C OSCA PA C IOC L?.0 4-30 41*0 100 *0
101001431 000? 000000 —1 ST OI CI L 001I I C I L 5710041. $T020CI L STIO COL 5312*C!L 50.3 l C — 3 10 .3 11—3 10.3 IC—)

PlOD 4(02 0104- 1100 1100 0100 01.4 (7) 111.4 (7 ) 07—3 (7) 17—3 - ‘ 11 .3 (7 )  50.)
10—I (7) 11.3 (7) 10—3 (7) 00 — ) 0) 15—3 (7 ) 10—)

NOS1*~~~ L OTW !440 *0 00 010 MC NO SO NO TOG TOG TOO 010 TOG TOO

• $0011,405 NO MO TOO TOO TOO NO TOG (3) TOO TOG TOG TOO TOG 071

0*10 CIMOTI 30 MO 30 NO TOO 40 ao No 00 400 00 010

$344- 50*4- 7400000 . PARTIOI . P000T 141. PABTIol PA RTIA L 74000

0*00 ( s )  NC NC ISO NO NO P000I51005 PROVISIONS PROVIS IONS PVCR101005 p0 00100000 I40 Y : ; O  0 0 0 C 0 3 1 0 G .  PROS)
CO LT 0111,?

I-
00001SIOIO PS0015IClO01040 *500*115

117*01.4314-N? 00 NO MO *0 NC MO 005 ItS *0 43*LT NC 001.? #0

L ____________________ 

NO 40 MO NO ISO TOO TOO TOO TOO TOG TOO 015 171

1100*0 10 050 NO 00 *0/414.11.3 *1/010.530 *II/A10-330 *0/020.530 *07/00430 *0/115.531 *0 *? _ 40I *  47/040.43* 001/4

04-CIA TTPI 72 a1l/AZ ’S-130

#4010. 0307070% NC01 47/050.110 NO 011/0111.150 GOPPLL’l/3&RS 11/100—134 I (4-aOL? 0-41) *0/ 054.45 02l/454—*I1 01*/AOl—Cl *5 *00-41 47 /*00 .1.1 lAS/I
13100740 4 - I S P .  _ I A0/AGN.41 

_________ _________ __________ ________ ________

4f.)55/014.07 00.355/050—07 CS0 ~~’ I *01—170 00, P70 377 01 .355/150—17 43.355/050.17 1iI/A.0C .511 1.0/101.510 104/051.511 1.5 0 0 0 5 0 1  1001. 101411 0001.
CONITOIC0510-’R (u./41c.77* ) 41/011—27*) 00L500 t 1) I 616*.7I OW OW/ OW ( 015/ 110—27*) ( 41/411.271.) 1.4/600.6, 00/600.6, o_3/*M..6, oS *01.o• 47/o41.4n oJ5/~004.41.1 I IT

____________________ ______________ 
no*.~4C AJ4/l11C.15~

10/AlS_N.oI.O
01.1*11 11/07.5.210 41/440-350 47/470.210 47/1.40-210 0S/*4042(T) 01/41*0.210 (CARL? A-.40 ) *0/4004-51(T) 11/47542(0) 47 /4154-32(T)  01/*?3.)0 T) NO 40
_________________ ____________ ____________ ___________ ____________ ____________ ___________ 

171142 (T) 
___________ ___________

L 
111—1060/ 17.1760/ 11.1260/ 11.1260/

*5, 474.17 *54 -17 100.73 00.103 311—206 *50.07 *50-17 47/41*40 47/*0o42 11/43*1.50 *0 .00-4 0 1.’ .0040 AIM/I
__________________ 

(&O/aTu.25) (*5/404 .13) (*4/41*1.45) (1.0/1.1*1.25)

P007031040
#00*0 41.004-00% NO A1S/,PN ~~I6l NO *1l/*,N.1I,1 .0/070.11.1 47/410—5 1.1 11/470.11.1 415/410.1~43 47/410 .151 4.0 AP IOl  *11/00—11.1 *11/11
______________________ ________________ ________________ _______________ 

001.?

NO $1711 TOO TOG TOO TI~ 305 171
____________________ ______________ ______________ 

1310. 03010000PL11 *4/470.153 NO NO NO NO 
141 4*014.

1 1.5 (6 )  MC MO 00 5070.1 ISO #0 MO *0/1.1*1—63 ISO #0 NC ISO IN

#1311 011.001111. 40.3514/000.17 40.3514/400.17 40..351.f*$o.07 RT .351*/*5*017
0 01010* ( lOP ) )A0/.PI .41) (01/00.63) 070 47/471.73 700 1*1,6 (40/44143) (47/01 .4) ) *i*/*PI-4*.(T) 43I/ifl.6*.(IC *0/A1o ..61.)T) 1.’ 1 .91.05? )  1.0/671.4-6 44/4

L #005051040 PR05051040 40105*1. p~~~ *j*110 00 40 MO IC MC MO *0 NO 40
______________ *71.1.62 (1) 471—407 (5 )  7405051150 P 3 0 0 1 0 1 0 0 5

304100 101OOA 30 #0 *0 NO lOS *0 MO 110 0*0 #0 MC 110 40[ *174- 40005 3 3 3 3 5 3 5 5 5 
- 

5 5 5 3

101 110 110 1*0 IlO 110 4000155000 7007151043 P*0T701003 SOW 00 140 40 40

*0/105.3 47/418.3* 1.0 *.l ’* 47 /013.3. 515/71LAPS *300 56) *400 58N NO Ill NO *11/011.3 10/601.3* 11/4111.31. 01/411.3* 4007151040 3 * 0 0 1 0CM!  #001101005 P000

111—74- 5/A 
— 

00 0~ 53 MO TOO 50 310 01 TOG #0 n (40 N

511000 11. 00 *700 000 TOO #0 PlO NO TOO $05 TOO ItS #0 *0 110 40

100 $010100 000 100 007* 01CM 100 5 0 , 0 0 : 0  NC 5. 47 1 3 0  0000 0317 POW 117171L :llr alSII 40 51.) MC I? *70—203 00 7 4 0 5 0 0 5 0 4 0  $010147 IT *71.233 * IT 071.431 5? *1~~J*7 I PlC 01*0104 00* 010 ’ 01*0104 001.1

4010.1*’ 50 74OVIS IO’l0 0: 03 ISO P000151003 0*07100:5 !  0* 171! :’  000V 0 0 0 0 5  P’ :V101 40 I p 0 0 1:MS 00 40

01*0 PlO 5011 4300 00 NO #0 #000105040 PR0015IC 3 P4 -0vIOl000 0 0 0 0 : 3 1 0 3 5  5 NC #0 40F 41/47N_151. 41 NO IC #0 SC TLG TOO 015 NO *0 0! 110 IS

LL’OITOO P *0TJC P .7035 7 * 0 7 . 4 - 0 0 . 1 0 0 05(01140 NO 110 *0 110 110 005 TOG TOO 530 405511100 0071 005 01.1 Pr! .

0 *1.4.170 NO *0 NO MO NC 40 7 4 C f l $ V 3 5  0 0 0 7 1 0 3  30 #I I<Y . S MC 0 S

• 
4010 0040 20 735 7 0 7 0  20 30 110 20 1111 15 110 20 P71 70 010 86 434 70 1*’ 737./2:345 0 70 55

700 #0! 750 #1*5 100 7 200 *00 300 4-55 000 4-00 100 *55 000 *05 200 1103 200 *05 700 405 3 01113500405 200 I
00$ I 405 01 0150 NO 00 NO 50 *0 PlC 0 40 41 3*0 

— 
PC NO N

1.1540 0,0? T?10~~~ NC #0 40 00 II #0 NC SC 00 *0 N

NO MC NO #0 110 40 00 40 01 NO 
— 

3* 0 00

II ) 5110.481 5100*TIS 4.110,1 *11014310 TO 4.0 0 0 5 , 0 5 1 0 4 7 0 : 0  - (7 )  P74 5*142164 01 00110 1N ?L *1_ISO LOO P I!? , 004- I 101011) INTO ( 31 *71.41.2 SOC PTlI~~~3. (4- ) 470405 6
4,01 4/4 *1105*4. P4 0 . P / 0 l ? C  .10.0 0107010 103441.011 ~~~~ 1*1*. 41

~lLI?l10 - TOIlS IS  I CNIVt001L 13?. 



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~

TABLE G .1 - E V O L U T I O N  OF THE A—
_______ _______ ________ _______ 

1.969 
________ 

1.910 
________ _______ ________ _______

T*.*.0 £ 1.15 T*.JSN TAIlI 6.1.0 78.154- 8.1.1. 51.4 4.1,3* 8.1*01 I, 1! *.1,IAI 76.15)71 TA.* lJ/71 4.,155 6*401 6*
____________ — 

040.0*14 0100 ___________ 
~~~~~~~ ___ _ ____________ M.IMS 117.34- _~~~*15 34—66 , 65 J~5.4 70 — -

1524-11*. 6. 150-11.6* , 61 1524.6*. 88 J524 ..68~ 88 152441, 6. J524.6*~ 8* .63.4-JI ll 1374*406 1524.1.08 1524.1*00 *1514.615 *1524.80 *1514.6* *15,4.406 534.408 *13

— 6,500 0 6,8CO #
9,300 0 0 ,300 1* ~ ,3 OO 11 1.300 11 ~~ 3OO 

~ 9,3 00 11 0,800 0 11.200 0 11,200 0 11,200 0 ~.30N 0 ~,5Oo g 
~.3O6 # 11,300 0 11.1000

4- • 1*66 0.10 5, 400 JO 4,1.8* .15 4 ,4*6 US 5,800 1.15 I* ,I.68 LOS 5,400 0.10 5,1.00 1.65 5,800 010 5,800 2.55 5,1.60 1.015 4- .•66 LAS 1*.1S88 us 5,800 0.40 5 . 1.00 215 1.
*40 5*5. 600 3*1. 660 SAL 640 541. 606 GAL *40 SAl . 600 4*2. 606 041. Ooo 5*j. 600 0*0. 600 OAt. 640 GAL 640 0*1. 1100 3*1. 654 GIL

41 ISO NO NO NO NO NO TOG 
— 

TOG 40 #0 MO NO TOO NO

TOO TOO TOO TOO TOG TO5 TOG TOG 113 lOS 015 115 111 710 715
— 

TOO TOG TOO TOO TOG 34-5 TOG yos ... TOO TOG 715 34-5 TOO TOO 
—

NO NO MO NC ISO ISO 51771 01714145 315 *70445 54771 MO #0 00 Y4-5 015 
—

1*0 1*0 40 4007030000 NO NO 315 11400152040 P*OT000040 NO NO 0*05051040 4005010301 7*00151000 10 IN

10 LITOO MI 404531104 III P0055000 10 I.OT40 10 LITCI 10 L1T0% 10 1.100% 50 LITD 10 LIT00 50 LITD 00 2.270% 10 I.IT40 10 1510% 00 0.170% IS 0.101* 00
5*01000 0*00005

13C *,10 4-3041*0 4-51*010 05181*1 151*P*C 4-50*7*0 OSC APAC.14.1 £5001.0 ISCA711 ISC*?AC 0SC*? I1.1*.l 151*140 4-SCAlIl 4-3047*1 150*7*0 4-15
IC—3 10.3 11.3 IC—i IC.) 11—3 574-4112. IC—I IC—) 011.3 STVO-CCL 10.3 10.3 10—3 70.4 II.
57.3 (,) 

~
,_ . 7) 17.3 (7) 57.) (7) 57.3 (7) 17.3 (7) 1117 17.3 (7) II’—3 13—3 (7) 1100 07.3 (7) 17—3 (7)

10—3 (~~l ~
_) (7) 13.3 (7) 53—3 (7) II-.) (7) 10.4 17) 101 17) 10 3  10.4 (7) 15.4 (7)

TOO lOS 315 TOO 313 TOO NO TOG TOO TOO NO 74-S TOO TOG 313 1

TOO 305 SOS lOS TOS TOG 315 14-5 TOG TOO TOG TOO 715 TOG TO! 3

NO 1 TOS ‘10 TOO 005 MO TOO 005 113 NO SO NO 
~1S it s

P11*11*0. 7*01140. PARTIA l. 114731*2. PAR T IA L P177100. $1710 C17IPLXTI C01PL4-T1 11013171*1. P40711,1. P A R T I A L  PAR? I*L 13000.4-TO 751
0007051050 ‘ 3 0 0 1 0 1 0 0  7000151043 7405057005 740N3S1095 POCVIOIOIIS P0001S1054 P000101001 7400100040 POOV1010NO P007151071 4705051505 7007151000 74010010*5 ISO Al

0*2.0

£007001040
ISO COLT NC NO 005 ISO 34-S TOO 315 703 TOO 50 #0 TOO TOO

TOO TOS TOO TOO TOO TOG 105 TOG TOO 715 713 305 TOO TOO 140
— 

AJN/J70.531 sM106/1.1L1,r11~ 10/41543* 111/01430 130100/*02.0.170 --‘/171-145 I5~pa 1.0/471438 *14/110431 47/01431 000000 0041.0 *4/111143* 40/071438 111/110431 OPIO01S1050 006710) 17 I 47/115.11.5 1.5/170431. 7417001005 7000151000 P00?ICN *4 7411111000 000
__________ _________ ___________ __________ __________ ____________ __________ — 11/01714 31 _________ __________ __________ __________ 40/A2’O43* __________

*IS/ASIS -41 47/*30.41 17/1511.41 *25/657.110 iJl/ASNI11 111/404.43 *1*/ISN.I,* 07/15041 *5,’ *50~ 141 00/00:3 .1.1 47/400.61 *4/*~*-45 IC0/AO S -”1 *0/*0k-Mi *0/147.161 3*15*1

— ___________ _____________ 
11*01151054 0001101000 37 01010 5 7*07101005 1011111100 P510101CM’

1* 47 / .30410  030 * 1. 15041A 1 00*0. *1*1.31* 11/03041* 17/10141*1 11/011*045.1. *1l/*OC—311 07/17141* *5/*51-139 OVA L 11141* *5/00145* 00/41141* 1.5/17045* *1l/l01-15~ 20 *0. 111-41* 00*4 40/4.40 .61 *00 ,01.604 LOS/OW- OS 47/10043 07/171115 *1*1*41.115 47/17644, *01*00.6, 40/47149 *0/480.69 0)5/171145 00/071.69 10/0749 *0/0014, **/1717.6~ N3d
(11110—lIP) (7110.11) 40/170.151* 4.5/110.111* 11/00-118

— __________ ____________ ___________ 

*11/100.43 A31/1M4~ (140.1*) 100007)

*5/0115(43(T) 17/1311.52(7) *7/1*03.46 740110100 *05001040 04071515110 
—

5(1) **s/A*.543)T C No NO *15/173.68 03/10142(4) *04/154.52(T) *11/*YIII.32(T( *1*7*5441. *11/115.88 MO COLT 010.7 071.? *7/130.64- #0 15

S 1.M’ *01-55 *5 .014! 1.0/1.01-50 47/47*40 *11/11*140 *31/010*140 *0/111*40 17/17440 10/11149 03/11*40 17/13141 01/17*40 017/64*140 *0/07*46 *15/17*40 lI ~

1.1 4.5/01.11*1 *1l/APS_1I,1 A,S/APN—1ll 1 03/415.11.1 07/*7N.1141 47/00.181 01/170.11*1 
~~~~~~~~~ 1.0/410.71 4.0/007.01.3 *0/05.11.1 ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

04-5 30$ TOO 4701101040 115 113 ISO P001150050 7407000040 04-0 TOO TOO 7407051040 P*071010N0 440TIOICI71 NON

00 3*0 00 ISO NO ISO 71 115/17.443 (8) *31/174.63 MO NO NO *0 11/17*1.63 40 01

AIS/A111.61*(T)
5(T) LS’ *,1.611(T) 1.5/171.1.6 *7/171*44 IIM/*7X.72 03/170—72(0) *5/071.72(1) A*S/1fl ..6I4(T( *21/170.72(7) 47/471.72(T) 

1
17/01.77(T) 11/111-45(T) 47/CPO.70)0) *7/111.33(T) *iI/*fl.33)T) 1.0/470.72(T) 55/

ISO NO 7170112. ISO 55 *07001015 P00715101*0 P*OYI510 f~~~T. 4-Id ?? 4000055175 P*CT1OICISO PNCT . 15017? TOO 05017! 341

— ________ 
01101151000 0171-461 

_________ _________
1

~

,0IT ?_111 *71.467 171.461 1!? 1 04-1 TOO CI? I SIC CI?

*0 1*0 00 NO NO NO NO 140 *0 L*070TOONO NO *0 3*0 00 P4-OPISICI71 I

5 5 5 5 5 5 3 5 5 5 5 3 , 5 5 S

NO #0 NC NC 46010010150 PlC 11100101040 7400151000 
— ~~~~~~ 

0000151C40 P51010100 ISO MO *00111040 U

~~~~~~~~ ~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ 
*0/AJN.3* *0/841.3* 47/0.20.3* 40 17/04,14 Al/MN-j O *5/1.20-3* 47/*.I1.3 40

40 NO NO 7407100040 PM0V101005 P000151000 705 700 740 0 NO 70150017140 7407011071 015 P71 U

NO 40 00 SC NO NO TOO TOO TOG NO NC 41 PC TOO NO I

4017 POW 117130 TOO TOo 00*7530 1*0 ITA TION TA O 074110! POll P00% 7*0 POW
OT *T1O N 00* 7105 ST*TIO N NO 510TIISS PlC IT *71.250* 4? *71409 5? 111409 STA TI C - N 01*01011 110 #0 STATIOO 00111001 

— 
U

• 3000111005 10 NO NC P*0TISI40O 6000115050 P005050005 7400101301 040 74001110*0 740015506 04005050*0 7000151171 #0 *OT7SICP71

*0 ISO IC 110 NO ISO PMOTI010IG 000 310 40 *07115041 7407107041 74001010*5 lOS IS U

*0 MC (0 *0 NC NO TOO TOO 740 40 1100151071 NO WI 703 #0 U

NC NO 4007107040 54011101000 POOTIOIO N5 700 703 TOO TOO TOO *07001153 P*O11010M1 ‘40 040

01 ISO NO 00 40 #0 40071400 7400151050 P000151010 P*OTI5IC00 *00151130 40 #0 *07001000 40O50SI0010 I

00 1 oo’,q~ o o’ poo 20 424 20 PlO 10 00 70 *1 2* 745 20 P10 10 115 30 Plo 10 40 70 40 10 40! 8 0 40  30 40 is I
200 505 IGOV300405 200 400 700 450 700 1105 100 #60 200 002 4-00 *01 4-06 #53 300 1105 100 #00 100 403 ION 400 4-00 403 90* 410 7*

50 #0 NO 40 NC NO NC NC 41 000 * _ 00 00 *0 400 OIL? *0 I 415 I

40 #0 NO 40 *0 40 40 00 II IS NO 41 #0 7400151005 71 I

010 #0 NO #0 50 10 *0 #0 #0 *0 40 00 40 11*00011005 40 I

(4 -) 0140401 4-40 010101400% 4- ITO TO (5 ) COWTPJCTQO 50000*2.4-IT (170) I!5TAL L40. (6) 0571404 17/*10S~ 14-5 OP 17/671—5,8 1400 1*40. (7) *40 *48, 57.3/100—156 l0—~. IS) I40.4-~~
— #1STP*CT?040 47 3*77 , PS LI. 



— — — —--

~~

- ------ .

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE G-) . EVOLUTION OF THE A— 4 AIRCRAFT AND ITS SUBSYSTEMS
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though escape systems are well dev~eloped and different models

may use some common elements , a development and qualificatior .

program is neeaed for each system , because the systems are

tailored to each aircraft type ,

B. A n g l e  Ra te  Bomb ing  Sys tem ( A R B S )

The ARBS (Addendum 1) originated as a specific solution

to the problem of the A—~ not having a satisfactory air—ground

weapon delivery system . The Navy had been pressuring the

Marine Corps to adopt the A— 7 a i rp lane , ins teaa of’ m o d i f y i n g
the A—1L But the Marine Corps could not support the A—7
system , because of its cost. Through modification of the A—14

airframe , visibility was increased , and p e r f o r m a n c e  was im-
proved by installing a new engine . The Marines also wanted to
add a new weapon delivery system that would provide good de-

livery accuracy.

To develop this new system , the Marine Corps funded a de-

velopment program at NOTS , China Lake. Feasibility testing of

the new system occurred in the early l970s, and a f lyof f
between two contractors , Martin and Hughes , was held. Hughes

won the development contract. But further demonstration is

planned to show performance and reliability. The hardware for

the next demonstration is to be available in 1977, after which

full—scale development will start . The b C , however , is not

expected for several years. In contrast with the ARES develop-

ment program of the Marine Corps , which will take from seven

to nine years , McDonnell Douglas claims to have developed , in

two years , an equivalent system for the Israeli Air Force. The

Navy has shown little interest in expediting the Marine Corps

ARES development , since it regards it as benefitti rIg only the

Marine Corps.

Nevertheless , the general bombing system that will result

from the development program could also be used in other air—

cra ft , such as the AV— 8A and the A— iC. However , each of these

Pt.
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a i r c r a f t , would  have to use a b u f f e r  to p rov ide  an i n t e r f a c e
Le t ween t h e  equ ipmen t  and the sensors , since each a i r c r a f t  has
d i f f erent  sensors . A new “ heads— up ” display would also be
needed.  Thus , a l though there  is some p o t e n t i a l  for  common a l i t y ,
add i t i ona l  development  would  be neede d to r ea l i ze  t h i s  p c t e n —
t ial .

The case of the ARES illustrates how inter’service polit~ cs
can influence technological develoni :ents. It also illustrates

how a lack of interface standardization imposes ad~fltiona1
b u f f e r  equipment requirements , t h er eby  i n hib i t i n g  the  potenti al

common use of’ equipment , such as the AR Ey .

C . En g i n e s

Pratt & Whitney proposed to McDonnell Douglas an upgrading
of the T52 engine for the A—~4 . The proposal was a result of a

direct req~ e~ t from Grumman in l9IE~ for more power for the

EA 6B. Pratt & W h i t r . e v  wanted to enlist .  Dou g ] c~ to broader. the

cu stomer ’ base .  At t h a t  t i m e , t h e  Navy was t h i n k i ng  about  cut-
t i n g  out the  A— ~ prog ra m , b ut the  Mar ine Corps decided 4:o buy
the A— 14 M w i th  a new e n g i n e ;  then Grumman backed away from their’

r e q u e s t .

III . F-15 A I R C R A F T - -M C D O N N E L L  DOUGL AS ( M a c - A i r \

The F— lb is the out (~nowth of y~ ars of s t u d i e s , b egir .nTh~
w i t h  fo l lowons  for  the F—lOO and continu~.ng thrc ngt t h e  F—X .

Most  of t he  a v i c n i c s  e q u ip m e n t  in the F—15 was OFE , e x c ep t t h e
1FF. The ftir Force speci fied the rer’fornance requirenents ,

a l t h o u g h  the  f i n a l  con t r ac t  speci  ?~ ed ce r t a in  en u i n r .e n t ; r c r
example , in the case of the  A R C — l 0 9  r a d i o , M a c — A i r  wro te  t h e
s p e c i f i cat i on s and then  reques ted  b id s , l o c k i n g  ir .  partieal ar
f o r  e q u l a r r e r i t  a1 ready in  p roduct  ion  - Th e ev a ln a t i  a p rocedure
consider ’~’d costs , but a low bid was nc~ t h e  oniy crit er ion .

E x c e p t  for  the radar and inertial nav~~~~ i a sys~ ern , fixed—

p r i c e  h i d n  were nought - The radar  arid t h e  ~ner ’ l al na v i -a t  ~or

~ ~~~~ ~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~. 
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systems (INS) were CPFIF. In these instances , Mac—Air tried
to get equipment that was available within state of the art and
riot beyond it. However , in the case of the INS , the size and
weight were beyond the state of’ the art , but not performance.
Mac—Air designed the interfaces for the avionics. It believes
that the computer , which processes data from the subsystem ,
should be a part of the subsystem; for example , the radar , INS ,
or ADO should each have its own computer , and a central corn-
puter should be avoided.

The F—15 radar program started two years before the F—l5,

using requirements generated in previous studies (e.g., F—X).

These included a threat study , mission study , and a requirement

for one—man operability. There were also weight restrictions

for the prototype . The dish size and antenna type were speci-

fied. The “look—down ” requirement meant that the side lobes

had to be small. Two flying prototypes were contracted for

and were flown on a B-66. Under the F—15 contract , Mac-Air

decided upon the winner of the flyoff.

In the F—X program , a new gun was specified . Philco and

GE both developed guns and ammunition , us ing a case less ammun i-
tion concept. Then , a vulnerability problem developed with

respect to the ammunition. The aircraft , in effect , was sit—

ting on a bomb . The Air Force program manager decreed that the

gun development program would be canceled , if the problem was

not worked out and if the developed gun was not available for

installation on the 176th F—15. Philco was selected to complete

the gun program , although It had done a poor job with the M—3 9

gun . Mac—Air ’s viewpoint is that the program was iii conceived.

It believes that guns should be GFE , common to other aircraft.

The GAU-~7 program , tied to a particular aircraft , was a mistake .

(see appendix D)

Examples that are given to illustrate the role of IR&D in

developing systems and components for the F—15 make a reasonable
3
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case for the IR&D work being focused by application and for the
prime contractor being in a good pos i t ion  to assign p r i o rit i e s
to applications and problems . There was a requirement from the
SF0 that  undern ons t r a t ed  hardware could not be put  in to  the  F— 15;
therefore , it was to Mac—Air ’s advantage to seek contracts for
hardware demonstrations .

IV . F-5/F - 1 7 / F - 1 8— - A I R C R A F T -N O R T H R O P

In Nor th rop  des igned a i r c r a f t , the subsys t ems  are t a i l o r ed
specifically to the aircraft . Consequently, in the case of the

F—5, i t  was necessary to repackage the outside procured escape
system , whi ch then had to be requalified. The Martin DaRer

seat for Iranian aircraft had to be modifIed to fit the F— 5.
In the  case of armament , the  racks  are GFE . The M~ U~4O had a

spec ia l  weapons ’ c a p a b i l i t y  tha t  wa s not needed .  The IP \ U 5 0
was developed for the F—5 (l~4—in. spaces and 1000—lb store

capability). The IVIAUL1 O was centerline mounted ; the MAU5C: was

py lo n m o u n t e d .  The A 1r4— 9 l aunche r  on the  wing t i p  was CFE .
The standard launcher would not fit , and a new shell had to be

deve loped .  N o r t h r o p  wi l l  develop new launchers , w i t h  a con-
tract to Hughes , because the Government could not provide them

on s à h e d u le .  Nor th rop  claims tha t  slow Government  response
is the main reason why Initial procurement goes OFF .

The NORSiThT f i r e  con t ro l  sys t em (F CS)  was developed in—
house  w i t h  company funds . It was l a t e r  l i censed  to  Ch icago
Aer ia l  In d u s t r i e s .  Bes ides  being used on the F— 5/ A/B , i t  was
also used on the A — 9  and A — b  a i r c r a f t .  The FC S for  the  F— 5 E
was developed especially by Emerson , the subcontractor , with

radar s y s te n c  c omp o n e n t s  der ived from the E— 5 2 t ai l  gun r ada r .
Th e an tenna , however , was tailored to the aircraft. The lead

computing sight was developed specifically by GE for the  F— 5E ,
and was also used on the F_LE. The laser designator for the

F—5 Is a repackaged “Pave Way ” from the F—a.

0-id
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The T—38/F—5 aircraft are the antecedents of the F—17/F—l8.
Tables 0—2 , G— 3, G~~1I , and G— 5 show the selection evolution of
the fire control system , electrical system , escape system , and
the engine . Table 0—6 shows the evolution of weapons capabil-

ity, and Table 0—7 gives weapons store station capacity.

The J85 engine was developed for the Quail missile and

later man—rated. The F—5 influenced the J85 program , and IRAD

funds were used to increase engine thrust.

The Air Force wanted to use the Air Force—developed but

unproven ACES seat in the F—l7. Northrop resisted and held

fast for the proven Stancel seat . The Air Force proposed that

the ACES be used in the F—l6 , but General Dynamics chose the

Stancel seat , so the ACES seat is still an orphan development.

Bendix built an Air Force—developed lightweight , high per-

formance air data computer. Four items were delivered to the

Air Force and two of them were used by the YF— 17 program .

In l97LI , the air combat fighter (ACF) had , as prospective

suppliers for inertial navigation systems , Singer , Litton , and

Delco .  The L i t t o n  sys t em was the  m ost  advanced , but  d id  not
use proven technology . General Electric selected the Singer

— SKN2)400. Again , the tradeoff between risk and performance was

settled in favor to low risk. (This raises a question of what

“off—the—shelf” means?) For the YF—l7, Rockwell built a special

idar with range and range rate--gunnery radar , a derivative of

a Navy gunboat radar .

Aircraft contractors are reluctant to et anything change

the external shape of an aircraft and generally with t~ood rca—

son. For example , putting in the M-6l gun deepened the F—I?

fuselage and , consequently, reduced the directional stability

with angle of attack. Strakes had to cc added to improve the

stability. The fuselage change could have been avoided by

modifying the ammunition drum and making it smaller . Put

Northrop did not want to modify the proven gun system at this

0-il
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TABLE G -2. GROWTH OF T-38/F-5 FIRE CONTROL SYSTEM

Al rcr aft
Mod e l 

- 
Fi re Con t ro l  Syste m Rema rk s

T-38A None No armament  ca pability

N1 56 F AN /A SG-2 0 radar Range only radar
AN/AAR- 1 8 h R  sea rch
Ma rk I bomb director system
Op tical sight Fixed sight
M i s s i l e  re lease  com pu ter

F -5A/ B NORS IGHT 
Uns tab il ized manual depressed (iron) sigh t

CF-5A LCOSS Fe ranti ISIS -N LCOSS
1st-orde r linear predictor-A/A guns
A/G bu nt delivery

F-5E/F AN/APQ- 153/APQ- l57 Fire Control Radar A/A sea rch , bo res ig h t st eer~ng
and r a n g i n g  rada r

AN/ASG-29 LCOSS A/A gunner y — manual and nonmanual target modes
0/F mode A/A guns
A/A missile mode
A/G ma nual depressed , roll stabilized rectic le

F-5E/ F AN/APG- l 5 3 (mod)/APQ- 157 (mod ) FCR Additions: Flat plate antenna
Sau di AN/ASG -29 (mod ) LCOSS Frequency agility
Im provement Angle tracking

CRT/DSC for Maverick
Missile dog fight mode
40 mile A/A scale
Of f-boresi ght acquisition
Pipper slaving

TABLE G-3. GROWTH OF T-38/F-5 ELECTRICAL SYSTEM

Aircraft
-— Model Generator S y stem Ca pacj~,y~ Prime Mover Source

T-38A 115/200 v , 320 to 480 Hz , NAD -d esi g ned 2 - s peed gearbox
3 p hase , 8-10 kva Prime moved by the engine
2 generators per A/C

N -156F 115/200 v , 320 to 480 Hz , NAD -d esigned 2 -s peed gearbox
3 p hase , 8-10 kva Prime moved by the engine
2 generators per A/C

F-5A/B 115/200 v , 320 to 480 Hz , NAD -designed 2-speed gearbox
3 p hase , 8-10 kva Prime move d by the engine
2 generators per A/C

CF514/D 11 5’200 v , 3 phase , 400 Hz , Sunstran d CSD p rime moved by
15 kva , 2 generators per A/C the engine

NF5A / B 115/200 v , 3 phase , 400 Hz , Suns trand CSD prime moved by
15 kva , 2 generators per A/C the engine

F-SE /F 115/200 v , 3 phase , 320 to 480 Hz , NAD -designed 2-speed gearbox

‘4 
13-15 kva , 2 generators per A /C Prime moved by the engine

0—12
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TABLE G-4 . GROWTH OF T-38/F-5 ESCAPE SYSTEM
Aircra ft

Model Con f i 9u r~t on Ilefu arks

1-38 Northr op Seat

• M -5 ca tapult Escape envelope limited , since M— 5
• 23-f t . C-9 parachute catapult did not incorpora te any
• Powered seat/ m an strap separator rocket thrust, High speed lim i ted
• Ar m , leg , and calf supports by ta i l cl earance (A/C later
• Automatic sequencing retrofitt ed with M -9 rocket s).

Envelope : 120 kn c t s minimum @ zer o
Altitude. Lim i ted h q h
speed ,

1-38 Nor throp Seat p ocket sustainer provides increased
N- 156F esca pe envelope and tail clearance.
F— 5A/B Sa me as above, exce pt M -9 rocket/catapult

Envelope : 120 knots minimum @ zero
alt i tude up to 600 knots ,

F—SE Northrop Seat
(Bas ic)

Same as above except M-3 8 rocket/catapult • Adjustable thrust v ec to ~~~~~ : i i”.
seat stabilization , red uc ~~- : s ev~
pitch rotat ion.

• Inc reas ed co t ar ~~l t t h r - J S !  ,

in higher aircraft oepar ~’ion v e l c t .

Envelo pe: 120 k n o t s  ‘ r ’ ~a l t  t - j lE -  up ‘ ‘ -

F—SE/F ~l a r t i n  Baker Seat - M K — IR Q-7A
(I ran) — —  —

• Separate r o c k e t  and catapult  Escape envelope:
• Prague c hute s t a b i l i z a t i o n ,

dece l er iticn , an d separa tion) • Zero speed at ze -o a l y t.:r up
• Powered i v ert i a l reel 600 knots.
• 24-ft parachute ai th in tisquid

• Chute canopy f .ll i n i l i t  on ~ t• Leg strap restraint 
150 k r o t s = 3,5 sec.

F-5E/ F N orth rop Improved Seat
Saudi Arab i a &
F-5E USAF

• 11—38 rock et catapult • 50 knots at zero a l titude up t o
• Drogue chute (stabi l izatic ’ , 550 knots

d ecel era t ion , and separat io r )
• 28-ft parachute , with ba l l i s t ~c • Seat stabilized w i th dro gu e 1’

-
~~ spreader (or pull-down vent ) catapult burnout

• Fas ter automatic sequence, resulting • Chute canopy full i n t l a t i c r  at
in fas ter chute inflation. 150 no ts = 3. 1 ~ec .

TABLE G-5. GROWT H OF T-38/F-5 ENGINE

Aircraft Engine Thrust Level En gine and Airframe
Model Desi gn Military/Maximum , lb Ins tal la t ion Changes

T-38 J-85-9E-5 2680/3850 Basic

N- 1 56F YJ85 -9E-13 2720/4080 New Supersonic in let

F- 5A/B J85 -9E-13 2720/408 0 Same as above
GF-5 /NF-5 J85-9E- 15 2925/4300 Added aux iliary T .O. doors

F-5E/F J85—9E—2 1 3500/5000 Increased inductio n
system size

F- 5B Saudi J -85-9E- 13 2720/4080 Added auxil iary T.O. doors
Arab ia

(3—13
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TABLE G-6.  GROWTH OF T-38/ F-5 WEAPONS CAPABILITY

Aircraft Store Fire Con trol
Mo del Stations Guns Missiles System

T-38 1 CL pod - 
-

N -l56F 3 Pylons Two 50 -cal iber M-3 2 AIM-9s NORS IGHT
2 Wing tips gun pods

(wing pylons)

F-5A/B 5 Pylons Two 20—mm M -39s 2 AW -9s NORS IGHT
2 Wing t ips (F-5A only) 4 AGM-l2Bs

(Bui lpup)
NF-5A 5 Py lons Two 20-mm M-39s 2 A IM-9s NORSIGHT

2 Wing tips 4 AGM - l2Bs A RW-77 m iss i le
(Bu l l pup) radio control

F-5E/ F 5 Py lons Two 20-mm M - 3 9 s  2 A IM-9s Fire control
Radar

2 Win g tips One 2O-nv~ M-39(F) Lead computing
sight

F-5 Saudi 5 Pylons Two 20-mm M-39s 2 AIM -9s Improved Radar
Arab ia 2 Wing tips One 20-mm M-39(F) 4 AGM-65As Lead Computing

sight
(Maverick) Laser designator

(r 5F)

TABLE G-7 . GROWTH OF T-38/F-5 WEAPONS STORE STATION CAPACITY (lb class)

_ Aircraft
Model Wing Tip Outbo a rd Inboar d Cen terline

T-38 - - 500
(luggage pod)

N-1 56F 450 - 1 000 2000

F-5Pi/B 450 750 1 000 2000

NF-5P. 450 75 C 1000 2000
2000*

F-5E/ F 450 1000 2100 3000
~

. F-5 Saudi 450 1000 2100 3000

*A t reduced load factor for 275 -g allon tanks

5’
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point . Also , the accessory gear box and the af~terburner are

ta ilc - r~ -i to f i t  the  shape of the F—l 7  a i r c r a f t , a l t h o ugh  tht~
basic engine is designed to meet the aircraft performance re—

qui r e m e n t s .
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( A p p endi i. G)

THE ANGLE RATE BOMBING S Y S T E M

The Angle Rate  Bo m bin g  Sys t em (AF B S ) is an i m ~ roved we apon
delivery system. It consists of a dual—mo de sensor/tracker , a
h ead—up d isplay for  the pilot., and a cUgital computer for wea-

pon release com putation. The duaa modes of the sensor/tracker

are TV and laser spot tracking .

Bomb ing systems for attack aircraft that use unguided wea-

pons require the accurate determination of weapon release con-

ditions , together with a means for presenting this information

to the p i lo t .

Early bombing systems used the a i r c r a f t  fixed sight .

Later improvement s used sensor inputs , e.g ., air speed , taro—
metric altitude , and radar raro-e.

Recently developed advanced systems use doppl er—inertial

v e l o c i t y  measu remen t s  ob ta ined  from the a i r c r a f t  in e r t i a l  plat-
fo r m , e . g . ,  A — 7E.  These t e c h n ol o g i~ca l  advances  bring with them

additional cost and complexity.

De velopments  in a i r—ground  t r a c k i n g  s y s t e m s  p er m i t  t he i r
application to the  t a c t i c a l  bomb in g p r ob l e m . The basi c idea

is to provide  the wear-on  del~~v e r y  c omp u t e r  with taroet l i n e — o f —
sight angles and angular rates. These measurements are obtain-

m tl e from a gyro— stabilized tracking head , which locks on to a

t a rge t  and t r a c k s  i t .  The compu te r  a lso r equ i r e s  ~npu t s of

a i r c r a f t  a t t i t u d e , t rue  a i r  speed or g round  speed , and  w e a p~-n

hal lirtic chci racter lrtics. The tracker can use a ‘V sy r t e r to

a lac~- ir s~~- ’ tra ckr’r’ a n — i  ian’er  t a r g e t  des ig n a t o r .

A

N.
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In FY65, the Srtval ~~~ ar,s dente t ’ ( 1’ ) b egan p r e l im i n a r y
studies of’ an ARBS . The e x t  e r i r ien t a l  d e V e l o p r r f - r t. led to hard-
ware ~hat w as based on a gyrostabilized TV t r a c k e r , whi ch could
he carrIed ext ~°rn’~ ily or. an A— 2 4 at the center station .

Th is ~- r -ran was developed i n d e p e n d e n t l y  of Tr’lOr angle

rate t:mbin- systems (e.c., Trim , Shed—light), which were de—

s i . g r ed f ’cr Thve I t I  igh t  t a c t  cal  bombing .

El i -hr t e s t s  w i th  the  t w a — a x i s  t r a c k e r  revealed  problems
in tracker ri ~r fotr .ance and s t at i  lity . A n a ly s e s  i n d i c a t e d  that

t he se  r - ~-h l e r ::s c - uld be f i x ed  by providiri c rol l  s t a bi l i z a t i o n
(i.e., a 3—axis tracker). The 3—axis tracker study arid

deve lopmen t  c : nt inu e d  t h r o u g h  F Y d 9 .  In FY 7 0 the  wcrk on de—
si gn in - - , t e s t i n g , and e v a l u a tin g  two prototype 3—axis TV

t r a c k e r s  was cant inwed. Fliwht t e s t  irig a n )  s y s t e m  d e f i  r c i t i  an

wo rk was started , and in FY71 the hWC conducted a orogram to

d e m o n s tr a t e  t e c h n i c a l  f e a s i b i l i t y  and t a c t i c a l  ut ilit y  of A RE S
fo r naval aircraft. (This sS/stem differs fr om the  p r e v io u s
an;-le r a t e  s y s t em s  in that it Is des igned  for sinole—

seat a i r c r a f t  ( i . e . ,  the  p i l o t  uses  i t ) ,  and the a i r c r a f t  can
be maneuverino or j  i n k i ng  while a t t a cl - :i no .

I n F Y 7 2 , h AVA IR was  a i r e c t e d  by OP SAV t o  st o p  fund ing  the
AR BS d e v e l o p m e n t .  There w a s  no “hare ’ for  the  s y st em  and rio

- 
havy funds were available. The Air Force Avionics Laboratory

funded the oroa ram during this period a n d  ker t the advanced

d ev e l o p m e n t  n r c — c - r a t - :  a l i v e .

In F Y 7 3 ,  t he U SE S en t - - rec) t h E :  p i c t u r e , ar id t r :- : i e o f f
s t ud ie s were in i t i a t e- I  l e a d i ng  to  an e ng i n e e r in g  deve 1a i r~ent
proar’arc w i t h  Savy funding resumed . O EU AV d i r ec t e d  t h a t  t h c - *

ARES be usable in the HARRIER and the Ah although he A _ L .

was s t i l l  the  f i r st priority. Prctotype system s were devel-c a-et

and flight tested through FY75, ending  w i t h  a source  s e l e c t i o n ,

4 base :)  on a f l y o f f , In  e a r ly  FY7~~.
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I
I
I The ARES requirements included

• Laser target designator system (LTDS)

I compatibility

• Accurac y of 10 mil or better for unguided

I ordnance

• Dual mode , e.g.

I —Day—visual

—Night-laser designator

• Backup delivery modes , e.g., fixed sight

• Maximum use of off—the— shelf items .

Hughes Aircraft won the flyoff competition against the

I E a r t in  Company , and it will build rim e systems . The timetable

for the  ARB S program wi th  Hughes is:

April 1975 Contract with Hughes s igned
September 197Ei Pesign review

I Ear-oh 1976 First test item due

Aun ust 1976 First A2-i—M test

November 1976 T&E

Date deleted Release to p r o d u c t I o n
Date deleted First production items due

The aralgsis of the ARBS leads us to these observations:

• The ~avy was aware that the ARES could be used in

several di fferent aircraft , and it required that

multiaircr ’aft—use considerations be included in the

engineering development .

• The p rocurement  of the A14—M and the development of

ARES for the A24—M by the USMC were in direct conflict

with the Navy ’s interest in reducing the unit cost

of i-ts A— 7s by increasing the A—7 production run .

- The ARBS flyoff ccmpetition and the lengthy develop—

ment  program were a consequence  of the d i f f e r ng

A interests of the Navy and the Marine Corps. In. effect ,

G— l9
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the flyoff demonstration was a compromise , and the

pro gram was able to con t inue  in advanced deve lop—
ment  w i t h o u t  a commitment  for  i m p l e m e n t a t i o n .

• A l t h o u g h  the program has s u f f e r e d  delay s in reach ing
the  p r o d u c t i o n  stage , it is not clear that this was
harr:.ful. The equipment will be extensively tested

prior to release to production .

• Th e ARBS was an independent development . It entered

engineering development with a “home ” in the Marine

Corps A14—M , and with a specific directive that it be

suitable for use in AX and Harrier.

- From its beginning to the delivery of production hard—

ware , the  ARBS p rogram wil l  have spanned many y ea r s .
In contrast , the Israeli A14—Ns were supplied with a

Lear—Siegler weapon delivery system , in which the

radar and inertial components were developed in a 2—

year program by using concurrent development and pro-

duction.
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APPENDIX H

FIGHTER AIRCRAFT ENGINES
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APPENDIX  H

- 
- 

F IGHTER A IRCRAFT ENGINES

I .  BACKGROUND

Up to the late 1950s, new fighter aircraft engines were

generally started as directed developments concurrent with

new aircraft development . Some engine program s were initiated

by contractors , with their own funds , and were p !cked up later

by the mi l i t a ry  services  ( e . g . ,  Y S— l O l , T F — 3 0 )  fo r  use in a
par t i cu la r  a i r c r a f t  ( i . e . ,  d i r ec t ed  develor tr er : t ). However ,
these instances do not constitute early deve ’lcpr’ent , because

they advanced to engineering development having a designated

home , i.e., a specific airframe that would use that engine .

In the 1960s , the number and t y p e s  of deve loped  nI l~.tary

aircraft engines were restricted by increases ir. s y s t em  co st
and complexity. The Air Force initiated procr’arrs for test1 ru~
advanced components , gas generators , arid ero ”ir.~-s ter m e - c

Advanced Demonstrator engines or Advanced Deve1c~ mer :s. Thi-

Lightweight Gas Generator (LWGG) program L i o ~~ri ~n l9Yi ar . t i r
led to the Advanced Turbine Engine Gas G e n e r a ’ - r’ (ATEIG) pr - : -
gram ( 1 96 5) .  The ATEGG pr ogram a t t e m p t s  to asr ~~ss r ’  r f  r r .ar .ce ,
structural capability, and component Interactions .

In 1968 , the Aircraft Propulsion Sub syrc tert , Jnt~-gr- t~~~r.

Program (APSI) was Initiated to address airfr’~ r~~/rr.c~Ir.~- - ar a-

bility, and it includes the testing of engine assi--r’:blies.

Figures H—l and H—2 show the General Electric (‘IF) and F r a 4
~

and Whitney (P&W) programs . The APSI/ATEOG prc:grarr s are ~~~
tended to reduce the risk associated with the tr’an~~~~~~t .  frrr .

advanced development Into engineering development . A g:a 1 o”

the APSI/ATEGG concept was to give industry and the Governm€ n

H-i
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confidence in the technology base , through successful demon-

stratIons of advanced technology .

The concept of technology demonstration programs appears

sound in principle . In practice , however , there are several

major technical difficulties in taking engines through engi-

neering development . These are related to the APSI/ATEOG pro-

grams and yet they fall outside their scope. The APSI/ATEGG

programs do not demonstrate durability and do not produce corn-

ponents suitable for production .

The technical adequacy and management of aircraft engine

developments have been questioned by GAO , AFLC , USAF/SAB. The

SAB recommendations included: avoiding (compressed) concur-

rency, revitalizing the advanced development gas turbine pro-

grams , and providing one to two years of service test before
f u l l  p roduc t ion  re lease .

The GAO reported (May l97~~) that extensive development

took place , under the Component Improvement Program (CIP),

whIch was concurrent with production , because :

• Engines  were riot f u l l y  ma t ure at q u a l i f i c a t i o n  test-
Ing

• There was a desire for mor’e capability

• There was a misuse of funds .

The GAO report concluded that the current process of develop—

m e n t / C I P  should be r eassessed .

The response was to propose a new development process ,

whose principal features are :

• To des ign the engine w i t h  u l t i m a t e  sy s t e m  reau lremerr ’ s
In m ind (more than performance)

• To complete preliminary design analysis

• To use a balanced engine test effort

• To conduct mission usage related endurance tests

H— L~
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I
• To gIve a full flight—envelope aeromechanical demon—I
• To demonstrate TBO/MOT

• To demonstrate the life limit

• To give a comprehens ive  log is t ic  demons t ra t ion
• To give a performance and stability demonstration .

The ASD phases of the new and current development pro-

cesses for engines and airframes are illustrated in Figs . H—3

and H—4. A Navy version of an idealized engine development

process is given in Fig. H-5.

I I . F— 4 0 1 E X A M P L E

One of the most important examples of a program that was

hurt by technical failures is the engine development for the

F—l 14B. In 1968 , the FX program office , which was working

towards a new Air Force fighter , awarded competitive contracts

for $50 million each to P&W and GE. Each company was to build

two prototype engines: one for Air Force application and the

other for the Navy for the F—i~ B. The Air Force engine was de-

signated the F— lOO and the Navy engine was called F— 1401. The

engines for the AIr Force an d the Navy F—l~4B were to be devel-

oped under a joint program and were to use a common gas gener-

ator. The fans and turbine s were to be specially tailored to

suit the F—l5 and F—114B requirements.

The competition was won by P&W. The P&W prototype engines

were designs that were based on J— 58 and JT—91) technology , I.e .,
compressor JT—9D , variable inlet J—5 8 , and turbine J—5 8. The

exhaust nozzles and controls were new . A lightweight design

was required , and the design thrust/weight (T/W) was to be 7,

an increase from the T/W of !~ for previous engines.

In each case , technical problems appeared , and the engines

did not reach their original specification goal for performance

A and durability. In the case of the F—lO O engine for the F— l5,

H-S
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the requirements ~‘~‘er’o slightly relaxed , and t ime and r e sources
were m ade  a ’.— a i l a b l e  to comple te  the development . In the case
of the F _ L ~0l e n g i ne  (F_114B), the performance of the engine (and ,
therefore , the F—1145) could not be reduced because of the pos-

sible loss of program support by Congress. The existence of a

backup system , i.e., the TF—30 engine and the F_114A , served to

reduce the sense of’ ur gency regarding the F—~ 0l , because Fleet

Air Defense could be maintained with the F— 114A and Phoenix

weapon sys tem.

The F— 111 B p ro gra m was c a n c e l l e d , d ue t o  a c o m b i n a t i o n  of
cost esc a l a t i ons  and engine  d i f f i c u l t i e s .  The Navy s u b s e q u e n t l y
conducted a review of the F—1401 engine development at the re-

quest of Admiral Hopkins (AIR—93).

The principal conclusions of that review are :

• ilore effort should be expended in c0-tegory 6.3 In
areas other than performance so that the transition

from demonstrated technology to production hardware

is not as difficult nor time consuming .

• Establish realistic goals ach ievab le  w i t h i n  a l l oca t ed
time and dollar figures.

- 
- • I n s u f f i c i e n t  t echno logy  base ex i s t ed  when F~~L4Ol pro-

gram was undertaken. This occurred because of a 10—

year reduction in R&T effort preceding F—~40l c o n t r a c t

i n i t i a t i o n .

During the course of the program , there were changes ~n

the engine component  performance requirements that pushed the

needed component t echno logy  beyond the  d em o n s t r a t e d  t echno logy .
These changes were caused by deficiencies in the overall engine

performance. The components of the P&W engine that won the

competition would not meet the upward revised requirements , and

new developments had to start with a compressed schedule.

The F—~ Ol engine called for :

_ _  
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• Higher’ pressure ratio

• Higher tur’bine 1.niet temperature

• Variable aerod ynam ic compr neat
• Reducec size afterburner

• L i g h t w e i g h t  construction.

To meet the overall performance requirements , the F—110l

design would be pushing the state of the art in component pea—
formance , with little margin for further improvement based -n
existing technology . The ~‘—~4~ l engine , as built , exhibited

performance deficiencies that were attributed mainly to com-

ponent interactIons . These interactions were unantici~ a’€- d

because of an inadequate technology base.

The ~avy evaluation of the  F— ~40l  poi n ted  out t h a t  a l t hough
the perfor’r:iance deficiencies were d~ stributed. throughc-ut the

engine and not assignable to a single component area , the prin-

cip al sources  of p e r f o r m a n c e  loss were compressor  e f f i c i e n c y,
overa l l  t u r b i n e  e f f i c i e n c y ,  and nozzle velocit y coefficients.

It was a lso  p o i n t e d  out  t h a t  the l i g h t w e i g h t  e n g in e  t ech -
nology and structural innovations demanded by the high thru~ t-/
weight requirement resulted in engine flexibility. This fiex—

ibility required increased operating clearances of a -tc r blades

and seals to reduce rub caused by structural deflect~~:-r.s.

The contractor attempted to rega~ m the r-erforv.once locs ,

caused by leakage and comp-oner.t. in~ eract~ on , by improving the

component performance. Put the corr ionenas , . e .  , f a n , cc:: . —
oress-ar ’, corabust or , coab~ a - , and noz::ie , were already close to

their techr .ci T~ oal l~ rnils, anc ~morec~~ ng def~ c~ encies and im—

provine r ’ ;r’~ or’nor . - e ancux .ted to new developments.

T ime , m oney , and ef’f’or ’- could eventually correct the de—

~‘iC  en~’ ~ ‘s . Ru ’ the ~a’;v dec a - - tha~ the gain was - w- - a t  h

‘he e cens i’.’e ‘H~~’ i.  r d  f ’ a : i nr  at ‘ha ’ t~~mi’ .
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r’( ‘:‘-dn ar’e -’as wer e related to R&T programs In the study
:“-~r’ A-crY r’al P ~Yns. Tha t  study recommends increased H&T

ef: :“ in:

• f l ’u r m :  li’ y assessment

• O:’:’—des~~-a. ~“r’fcrman ce estimation
• p 

~~~
‘ .,, :‘

~~
- 
~‘ C-crani c s

• 1’ ao l ” -  “h’es

• 1— can ology ba se for system performance——c ost/weight/

~ — r ’ ’ r m i a : e  sensItiv Ities.

III . OBSE -/ I TIY~S

• A n~- ’.~ ca ‘ ‘ ‘ ‘- development requires several years lead

an airframe , if several advances beyond the

~- -rcmstrated state of the art are required.

• P.e~ ufr~ m~r.ts are sometimes unrealistic. Performance

goals  set -c ~‘~~~ or ’i are somet imes  unach ievab le  w i t h i n
he time schedules,

• The recYrenent for very l i g h t w ei g h t  engInes  leads to
st r u c t -~~r c I  de f i c i e n c i e s , e . g . ,  engi ne f l e x i b i l i ty  and
rcater ’ials mi smatch.

• The problems in the transition from technology der. c -n-

strations to production hardware are more d~~f f icu lt  to
resolve than is generally admitted by the developers.

• At present , the scaling of aeroelastic phenomena is a

major problem for advanced engine designs. Extensive

testing and development of full—scale articles must be

provided over the range of flight/operating conditions.

• There was a misjudgment of the technology base , because

of the interpretation of APSI/ATEGO results.

• Endurance tests should be part of source selecrYcn.

• Program rigidity should be avoided. There should be

f l e x i b i l i t y  to permit  changes  in s p e c i f i c a t i o n s  d u r i n g
development , without major revision of the contract.
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A sma l l  rellxation ~n ~erforr:iance requirement can yield

a large Improvement in aeroelastic stability , e.g.,

mov~ r e  away r ’ : - b lade flutter boundaries (although in

this case relaxa’ ~nn of the r ’e qu i r ’em e n t  may have been
p o l it i c a l l y  ia: ’eas it le).

• Changes ~r. a i r c r a f t  and rYssio-r. performance require-

ments  t hat  o c c o r ’  be ’w e e r ~ t h e  o r ig ina l  en g ir , e  p roposa l
and s o u r c e / s e l e c t io n  t i n e  cause long—range prob ] e r . s ,
i.e ., Component Improvement Program (CU’).
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