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AVI ONICS DATA FOR COST ES’I’IMATINC

Bruce E. Armstrong

The Rand Corporation , Santa Monica , Cal i f orn ia

I. INTRODUCTION

Avionics cost has been a continuing problem to the defense cost

anal yst. The various services and the Office of t it  Secretary of

Defense (OSD) have sponsored numerous avionics data collection efforts,

as well as funding various companies to develop cost models and cost

estimating relationships. To mention a few , both the Air Force and

the Navy , and research firms such as General Resear ch Corporation (CRC) ,

Research Management Corporation (RMC), and Institute for Defense

Analyses (IDA), have all been involved at one time or another with ef-

forts to develop the avionics cost estimation methods and a supporting

data bank. The reason for this level of effort is that the costs of

avionics account for nearly 30 percent of the total costs of fighter

aircraft and a significant amount in most other aircraft types. Yet ,

because of rap id technolog ical change , typ ically small production runs ,

and poor historical cost information , reliable prediction of avionics

costs has been impeded .

This paper discusses a recent Rand study sponsored by OSD/

Director of Planning and Evaluation (DP&E) which had the o~ ject ive

rf creating an avionics data base for tactical aircraft .~~~ It de-

scribes the data base using examp les from the report , as well as dis-

cussing some of the classical avionics cost analysis problems w h h h

were encountered .

Prerequisite to further discussion is a definiti on of avionics.

We have a working definition which is to include airborne electronics

equipment having the work unit codes between 61000 and 76000. ThIs

definition includes equi pment such as communications , navigation

(radio , radar and bombing) , fire control , and ECM . We did no t  include

*T h i s  paper was presented at the 1976 DOD Cost A n a l y s i s  Sympos i —
urn h e l d  in A ir l ii’ , Virg inia on November 1 4—1 7 , 19Th .

** In  add i t  ion t o  t h e  a u t h o r , tos ep h Large and Pat  ri ci  a CoN i ne
we r ma jo r  (on I r i h t  cr5 to the Rand s tudy.  h owever , t h e  v iews ex-
p ressed i n  th is  pa~~’r ;ir t ’  s o l e l y  t h o se  ‘f t h e  a u t h o r .
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• f l i g h t  c o o t  ro t  eqci iprnc* nt or some of the simp le r E S  r ince nt s h *~c aust ’

we were  j u t  t ’r e s ted  m a i n l y  i n  h i  ghi c ’~~st o l t ’r t  ron i es equ pm & ’nt

Our sa mp le  f o r  t h e  d a t a  c o l l e c t i o n  c t  fort i n c l u d e d  e q u i p m e n t  oii

bo ard  ta ct ic i l comba t  at rc ’r i ft developed s lil t 1965. ‘t h i s  t imi ’ t r a m ’

W I S  St  I t ’~ t c’d b~~c ’ . c c c ’ ’ Wi’ were  sc ’c k ing i’qu i pmcn t of a relatively modern

t & ’ c h ncc  l o g y  and  ht ’t iusc ’ we did not w a n t  to  r epea t  data which had c i i  r c ’c id v

been c c c l  I Oc t e d  f r o m  t h e  st  ri d I es p rev I otis i V men Ii oned . ‘!‘he c i i  rt’ rat

E u t h e  samp le  i n c  l c r d ~ d the fo l  l o w i n g :

* F-lilA/C/D /E/F
* FB—IIIA
* F—4C/D/E/J
* F— S E

A-6E
* A-7D/E
* F—14A
* F-’lSA
* F — 1 6

The r emainder  of t h i i ~ paper descr  i b i s  t h e  d a t a  base t h a t  we v o l  l e c t ed

and Inc I udes some observa t ions abou t  u i  ng t he  da t  .c f cr  analysis~
ol  t i c  i n f o c n i c u t  j c i f l  c c i i  l e t  ron  c v  c o n i e s  r r i r i i i f a e —

ln:’ t ’r s i s  p ropr ie ta ry . t c c ’  t x ~ir h ) l & ’ o  ‘r c ’c- ;c ’n I t ’d i n  t I i i  tloc ’nr.ct’nt c , ivt

[ 

t c c  ‘ c c )  c u t  t ~ ‘ c— c d  t o  o m i t  Is .V: t l t ~~ ~ r i ~ I ‘ , t hi ’ un t co s t  o ~
‘ ~c ri o t h e r

i L t ,  whu i & ’ii  m i ~’l i t  v i o l a l t  , c i r  . i ~~ ~~‘t ‘cent E / j  t i  t hi ’ rc . i n u 1;ic t u r e r c  to

p r ot e c t  S i c ’ i n f o r m a t i o n .
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I I . ‘(‘HE I)ATA BASE

*One ot  cr oh jeer ivi ’s was t o  sh ow the cost  of the  av ion i c s  s u i te s

1 1 t lie c i i  r e r a f t  in the  san ip I e . We d id this i n  two wci vs : On an

agg r e g a te  bas i s , us i ng b u d g e t a r y  da ta  f o r  t h e ’  a v i o n i cs  p o r t i o n  of a i r —

r,i f t  11 vawav c’os I s  , and b y b u i l d  ing  up to  t lie ’ I O t a  1 a v i o n ic s  su i t e ’

co s t  t h r o u g h ident  i t i c a t i on  of i n d i v i d u a l  equi pment  co st .  F i r s t , l e t

us exam ine the  b u d g e t a ry  d a t a  c o l l e c t e d .

W h i l e  cos t  a n a ly s t s  w o u l d  p r e f e r  to work  w i t h  e x p e n d i t u r e  d a t a ,

vc rv l i t t l e  expend it u r e  da ta  are ci v cu l i a b l e  f r o m  g o v er n m e n t  sou r c e s .

‘l’ab le  I shows hud ge t i r v  d a ta  f o r  er i c - I c  a i r c r a f t , b y v e , I r .  ‘the t r i b i e ’

pr sen t  t ice  t o t a l  a v i o n i c s  s uit e  c o s t s  and t h e  p rodu c t ion q u a n t  i t  i t ’s

i n t I r e  N - s E l e c t  ive ye ar s .

D u r i n g  t he  p r ep a r at i o n  of t h i s  t a b l e , We ’ d i s c o ver e d  .c f e w  pr c h—

lems . e i r s t , in many  Cov ernm ent  documen t s  it is not  a lw ; i v s  v l e c r

w h c e t h c  r b o t h  g o v e r n m e n t — f u r n i s h e d  equi pmen t  (G F’E) and c o S t  om er — ~ u r n —

i -died e q u i p m e n t  (CF ’ E are  i n c l u d e d  in the  f I glires . For e x u m p i e , t h e

1— 4 1)  shown i n  t h i s  t a b l e  dot ’s not i n c lu d e  the  CFE p o r t i o n  and t h a t

omi ss  ion was O c t  no t ed  in t h e  budget  d o c u m e n t s .  Sec ond . we f o u n d  t ~~c t

a v i o n i c s  su i  tes  c ’ ic , ~c cig t ’  eve r t i m e . ‘ t h e y  chan gc ’  h e c , c c , s , ’ of t c ’ c i i n c c l o g i—

ccc l i m p r o v e m e n t s  a n d/ o r  because of changes  in m i s s i o n  r e q u i r e m e n t s .

An examp le’ of this can be seen with the A —4M where  cos ts  increase ’

f r o m  197 1 ( $ 7 2 . 1  t h o u s a n d )  to 1974 ( $ 3 7 1 . 4  t h o u s a n d ) .  This $300

thousand increase in avionics is the result of additional equipment ,

increased capabilit y of original equipment , and inflation .

Because we are dealing with budgetar y d i t t a , we wanted to cross

check this information against other types of aggregate information .

A second meth~cd was used to look at the cos t of aircraft avionics

-‘ suites. This method Involved identifying each piece of equipment on

hoard a specific aircraft and collecting the cost for those pieces

of equipm ent. We did use this information to cross check the budgetar y

data . ‘l’a h l e  I shows that the F—4.J costs arc’ at about S800,000 for the

An avion ~ ‘s s u u i  t t ’  is  defined is tIn’ total comp l ement  of a v i o n i c s
sys tems  eq ci i ppi’d on ci g i v e n  a i r c r a f t .
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~ i rc ’ t . c c !4tCS COST PER A I R C K A IcI BY F(SCM . Y6AR

( l i t  Thou~ ,it.d~ o f  ( hc ’n-Ytour I~~ i i  ... cc )

ft ~~~4 ~~~~~~~~~~ 1967 ~~68 1Th9 

- 

~071) 1971 T1912 ~~fl I)7.f 5 I 
- -

5cc
A -4M (,4 ,4 72 .1 iii .4

( Q t y )  (4,) (21.) (44)
I -c .i - , 2 1563 .1 1671. 4 1 361,.0 1 335,3 1120.7

( c ) t y )  ( 1 . ’ )  ( 1 2 )  ( 1 / )  ( 2 1 )  ( 1 ) )  ( 12 )
I u — 1 E  2 5 3 , 0 .12.3 2 1 3 . 3  111 ,0 371 .0 4-~3.1 6)9.3 911,5 646.2

(Q ty) (7) ( 1 ’ ~~’ (160) ( 2 1 )  (30) ( : 4 )  (48)  
~~Q) (30)

F— U  153.7 2/9.3 7,’/.7 181 .’.
(Q r y )  (152) (250) (68) (36)

F — i 4 .~ 42 00 .4  i’ ’iS.4 27’VL O ~ ‘) ,3 2536.7
( ‘Ky ) (26)  1.46) ( I tt )  ~~1)) (50)

Air  Forccc
c’ i u - i t t . ~ 2585~c) 7148, 13 1810.0

( Q L y )  (3 )  ( ‘ , )  (68)
F — L i L A 1.20i,Q 411 ,0 1992.0 1)91.0

(Qey )  ( 1 )  ( 6 )  (10) (15) (65)
F-111.~ 1601.0

( Q t y )  (2. ’.)
F— l i l t )  t f l 9 . J ’ t~~’.1,0 2 5 7 9 . 0

( c ) t y )  ( 7 )  ( i c )  ( [ 6 )
r - l l l p c  33.5 1) 22 16 ,0 [119.0

(cS ,) ( 3 1 )  ( 5 3 )  ( tO )
.‘—i i 1~ 1718. 1.) 216/.0

(Qt y)
j ‘, r , . 0 4 9 . 0  54 .Q 68.0

( 2 1) (l~~4 )  ( 2 1 4 )  (71)
420.0  -‘, O ” . O  412.0 4c0.Q 4 4 .~, O  4 ;~0 ,0  (J0 .0  I t ló, c3

• (Q ty) (5) (t /.) (57) ( 1 2 , 1 )  ( 8 9 )  ( 9 7 )  (2/c ) (24)
3(0.0 12 ’
(26) (t’

536 .0 639.0 708.0 742.0 783.0
(c it y )  - (64) (36) (12) (12) (12)

• r—’.n’~ 3/3.0 c’ : ’,.o 315.0
(Q ly )  (52) (2 2) (519)

~ F—4E 259.0 4.6.0 603.0 769.0 126.0 767.0
(290) (241) (145) (24) (24) (26)

22113 .0 11.90,0 158-4 ,0 21,89.0
(c)tj) (30) (62) (72) (90)

F—1 6 1 3 2 5 , 1 1
B- I

(Qty)  ‘ ( I )
tccfl.’i.otcS ’, H a v . L A i ” .cy ’cL ,~~ Cc,,c~~c c . i ! c t c , r A i 4 - 5 0 6 i 1 /  i~~r/~~ii ~~

‘,! ,.~tTh~
’o’r~ �ur: -

~19uc Iget.

1n~’ rc nj.c4 (‘.‘~~c c , scc of ~,c c i L f t c c o ’  in  to • o l t d — s t c c l . t  o 1 e c t r o c u t~~a ,

‘,‘xpcincc to n of c . .p ob i i  It • ,ic~d break in p rc ’.i ’c” t to n .
t’ Ap p J r e n t l y u Ft. on ly .
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a v i on i c s .  In ‘rci h It ’ 2 • wh i ch i  is t lie h - ’— 4 . l I tid iv i d u a l  a v i o n i c s  corn—

po n en t s , the  t o t a l  ,- ccs t is $1 m i l l i o n  in 19Th dollars. This seems

r eason a b le , t a k i n g  i n f l a t i o n  i n to  c o n s i d e r a t  i on .  In most  cases , t h e

bud g e t a ry  f i g u re s  we ’r e -  r easonah l v  c lose  to  the  f i gures  der ived  f r o m

t h e  b u i l d u p  a p p r o a c h .

Let us turn our attenti on now to Table ’ 2 , the individua l aircraft

avionics c’ost sheets. In our data base , we have a sheet such as this

examp le t o r  a l l  combat a i r c r a f t  in ou r  samp l e .  These da t a  sheets  are

v e ry  u s e f u l  in s i t u a t i o n s  where cos t  a n a l y s i s  < f  total aircraft avion-

i cs  is being performed.

Initially , we encountered a subtle problem in the development of

t h e s e  d a t a  s h e e t s . There were many anomalies in the “AN designators. ”

The anomalies occur in three ways. First , there is equipment included

in the’ Work Unit Codes 61000 to 76000 which is not avionics. In-

cluded were electro-mechanica l devices such as chaff dispensers and

weapon release systems. We were careful to identify and perhaps elim—

m a t e, for analytic purposes , these types of systems . Second , there

were instances where’ equipments with the same alpha designator , say APN ,

were functionally different. Third , we had occasions where equipments

which were functi onally identical had different alpha designators.

For instdnce , radar sets have several al pha designators including APN ,

APQ, ASN , APA , and) NotIce the number and variet y of sources that we had to investi-

gate in order t o  c omp il e the total avionics cost for just one aircraft

type. Sources for inf ’rmation in the examp le include avionics manu—

t r u c t u r e r s , IX)!) .ige ’n i e - t , , a i r f r a m e  pi ~~l e contractors , and other research

organizations . We’ relied heavily on the information supp l ied by

avionic ’s cnanufacturers , as they are able to provide feedback and qual-

itative insights not ,-rffctrded by most other sources.. Specificall y,

the manufacturers discussed probable cost drivers , apparent data in—

• consistencies , future technolog ical changes , and system characteristics.

Because there is not a central repositor y within the DOD for

a v i o n i cs c o s t - c , we were  f o r c ed to  c o n t a c t  and v i s i t  v a r i o u s  Sys tem

Pro gram o f f  i c - e s , cost analys is o r gan  i z a t  i o n s , and cost libraries

(frequent lv c m i v  to  u n c o ver  Fragments of i s t u dy  w h i c h  had preceded u s ) .
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N e t s ’ t h a t  4 9 1 < ’ 1)01) s o u r c e -  showi t on t h i l s -~I iee ’t  i s  U S A F / C A E I _ .  ‘f lu i s

I S  t c h c ’  c ’ c ) ~~t h i t  c i  co l l c c t & ’ d  by t l ie ’ A i r  ‘ or e c I i ~c ’n c v  w h i c h  p r o c u r e ’s  o p c i r e s .

~~~~ a~~<’ -c~~~~ < - c~~i c i t  i<ms ~ l ij , ’h t  we t o o k  in t i s l i i c , i , t h i s  d a t a .  F i r s t  of

i l l . l f l  tr i t i \ ’  i I I S L ; h f l ’ e - c l  5 \ ’ S t  c h i c  p r o c u r e d  t o r  - p c , r e ’ .’~ a r < -  not p r )  ur c ’d a t

1< ’ svste’m 1 < ‘v s - I  , hut r i  t I t e r  by m d  i v i  d u c u  I L i n e  Re ’p I c ie cab 1 C i i t s

( l . R t ’ c i  - ‘t h e y  a r e ’  t \ ‘ l c i c - a l  I v  p ro c u r e d in  c~ihc1 R I ’  n u mb er s  such t h a t  i t

is v< - r ’,’ d i f f i cu l t  I c ’  d e t e ’r m i n e ’  an < ‘qu i v~ l I c ~ I ) t  s’,s tem p r i ’ ’ . t h i s  is

compou n d e d  14V t h e  t o t  t h a t  sp ar e s  t y p i c a l  I v  cos t  I ~—2 per e - n t  inure

t h i n  p r  ‘ t i ’  t i o n  civiolu i e -s bec ause  c t  ~- m - i 1  I I t  cos t  p e n c i l  t i c ’ s  a n d

inc~’rtizeu s t a r t — u p  , ,1’- c t s . The’ p o t  c f l t  i a l  d i f f i c u l t  ic m d  rnbi Fu i tie s

of spa r c- - c O S  info m mci t ion we’ r c ’ i -c ’ c ogn i ze ’d , an d  o~~ I v data f o r  t o t a l

- ‘fl c -os t s h i v e ’ been In c  I t i d e d  I i i  our  dat  a base .

r’;v -i  t tim ing t o  a l l  t h e s e  n , o 4 m r c - .~ f or in f o rm a t i o n , oc cas io n a l  l v

0, ’ Wc ’ r e -  s t i l l  u n a b le  t o  get coSt  d a t , i .  l i m e ’  AW 1’J—l <‘1) the F — 4 , J  is an

examp le -,- ,‘ h i s - r e -  Sc w< - r . - u n a b l e  t o  eel  I c - c t i n f o r m a t ion.  Re ’ s t i l l  show

t h i s  s vst  c~~ o n t h e  t a b l e  sei t h a t  the- cost  a n a l y s t  w i l l  he aware t h a t

oy s t , ’i ’c 4 5  < p a r t  of  t h e  a v i o n i c s  u i t e .

,~~~~~ i : s  SYSTEM DA ’l’ .-\ SHEETS

Ou r main o b j e c t  iv e  in the  a v i o n i c s  s t u d y  was to co l l e c t  c d i v i d—

u c i l  cost  and t e c h n i c a l  d a t a  f o r  each avionics system . Table’ 3 presents

displayed represents cost to the g o v e r n m e n t .  Because  of c o m p e t i t i v e

! 

an examp l e  of  t in  e q u i p m e n t  ‘ cos t  d a t ; i  slie ’ & ’t .  The cost i n f o rm a t i o n

s e n s i t i v it i e s , m a n u f a c t u r e r s  were not  at a l l  w i l l i n g  to  d i sc lose , or

even d i s c u s s , the ac’ tual product ion cost characteristics. These slice Is

contain information on production year , nonrecurring costs , quantitie ; ,

unit costs , and miscellaneous relevant notes.

Where we had more than one source for the cost data , we frequently

found that the information was inconsistent. In this examp le , neither

the quantities produced in a given year nor the unit costs , except

in 1974 , are in agreement. Typ icall y, this required its to follow up

with the manufacturers , ask questions about the source of the data ,

and seek explanations for the differences. Where source differences

were irreconcilable , we typically used the manufacturer ’s data for

ana l ytic purposes.

~ 

~~~~ ~~~~~~~~~~.iL1 ~~~~~
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t a b l e  3

EXAMI’l,F;——UN IT COST 1)A’I’A SHEEt
DESI GNAT I ON :  l’roprie’tary

EQUIPMENT DESCRIPTION : Navigation Radar

MAN U FACTURER :

AIRCRAFT 
- 

YEAR QUANTITY UNIT COST

A-7 (1) 1967 12 4 2 . 7
1968 172 ~9 . 7
1969 217 1 9 . 7
1970 212 2 0 . 3
1971 127 2 7 . 3
1972 24 32 . 2
1974 42 3 7 . 6

(2)  1967 233 19.8
1970 317 24.2
1971 119 32 .6
1971 121 34.6
1973 24 3 7 . 3
1974 42 3 7 . 6

NON-RECURRING COST: $2,34O .~~~ YEAR DOLLARS: 1970

SOURCE: NAVA IR (1), M f g r  ( 2 ) ,  IDA (3)

J 

Costs are in thousands of dollars.
NOTES : The set is ci d opp ler radar  tha t  provides  con t inuous  measurement

and indication of aircraft ground speed and drift angle. It
provides ground speed indications of 100 to 999 knots and drift
ang le i n d i c a t i o n s  of 0 to ± 30 degrees on the contro l indicator
at  altitudes between 40 ft and 50,000 ft. Ground speed , drift
ang le , and operational  status information are converted to dig i—
tal format before being routed to the navigation/weapon delivery
computer.

1 
~ ~~~~~‘ 

- 
~~~~~~~~~~~~~ - ~ ~~~~~~~~~~~~~~~~~~ r 

‘- .-. .~~ .~~ ..~~~~..... - - c ~~~~4c- , - — -— - — •“ . t d ~~ ’-
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At thi s point , a f ew r emarks  time ’ in  o rde r ab o u t  t he  relationships

between produ c t S I ru in a single’ manci fcu c t ure r. I-’ i g u r e  1 shows two hypo-

thetical family learning -urves labelled A and B. Emp iricall y, we

~~~~~~~~~~~~~~~~~~ j~~~~~na1

Mod 3

~~~~~~~~~~~~~~~~~~~~ r~~~~~~~~~~~~
ties

Coat .

Reduction — —

FIGURE I. AVIONICS FAMILIJ~

~~~ found that modifications and follow—on equipment produced by one

manufacturer (where the function was the same) did n return to a

first unit cost. Instead , we observed a temporary increase in cost

or price from the previous system ; then very rap id improvements ,

eventuall y returning to the orig inal learning curve (curve A). Recog-

nition of the product line cost characteristics is important in that

“follow—on ” and “modifications ” in many instances cannot be treated

as individual sample points. Product lines may exist even though a

system has a unique “AN de signation.” If the avionics family is dis—

covered , most likely the units will not have unique learning curve

character istics. Another examp le of this is shown on curve B. A

modification is made to a system either to improve its capabilities ,

as shown by the line which stays above the or igina l learn ing curve ,
or to make a cost red’.ic’tion improvement , as shown by the do tted l ine

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ , -~~~, A 
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~ h i i c l i  )!,c s e  -i be I c 511 t lie e~ m I g i n ci  1 I c - t i  mu I ng en rye-

T c i b t  e pr - s c - n t  5 tin t ’ x t i r n p l  e ( i f  c i  t i i i  i t  t c ’ c l i f l  j ( ‘ci i l i t  ci  ‘- t b i c - s ’ t  - Our

— 
d , m t t i  w m s  c c c l  t e s t e d  f r o n t  t h e ’ F l e e t  r o — m c i g n e ’t  I c  ( h n n p c i t  i b i  l i t  v ‘ \ i i . m l y ~~i s

( t ’n t e ’ r I l’~Cc\( ) , rccn l  n m ; n m ~~t , ic ’ t cu — e m s , - mu d  I mcc i i i  t h e ’  t ) ( ’p ;m r t  t i t  c c :  c s - f e - n i — c s ’ .

((iii c ’ c’ i g a i n , Sc ’ f a c e d  t i m e ’  p r c l c t e m  c i  e ’oni  I l e t  i n g  c h i t  a , part ic u ic m r l  V i n

r i te ’ I , ’Sc i~ i ~ t i s o  s i  p h m s ,’s i c - i  I m ’ l l ; i r c i c  e ’m i - i  i c - S  - ) E n t  e - r ’d on t h m i  cc s l i t

i r e ’ t h < - p h y s i c a l  ds - se ’ r i p t o r s  ( s i g h , y o t u m e ’ , e t c . ) ,  t h e  c’ li-c t r i -

, - h i a i — , i c - t < ’r i s t  i s ’ -t , Scstli e 0 t i l e ’  e ’ ap . i h i l  i t  i c H  i i i  t h e ’  sv s t  c - r i , and t h e ’  t e c h —

l i e )  I c) ~~ \’ i c  ‘~‘ c -  1 . h e ’  r a t  l ie -  m a r t )  i t  mci  i- i I v de’ t~ i nc ’ct t c - i ’  I m u c s  I c C  - ,‘ i n t o  I t i r e ’ ’

c c u t s - g o r i e s — — t t i h e ’s , r m i i i c - , i t o r s , c m n d  i n t e ’ g r - m t e - d  c i r c u i t s  ( K ’ )  - - ‘- ‘ c

r e co g n  l , ’e-  t h a t  t h e - r < ’ a r < - p m c c b a h l v  a n u m b e r  o h  rn s 7 r s -  sop h i s t  h o l e d  met  h i n d s

o f  d e f i n i n g t . ’ - l inc -c l o g ic ’ c i l  l ev e ’ t , bu t  t h i s  w ci S  a I i r s t  m t t e ’ m h t  t - ‘-ci  rat i fs ’
s u m  samp le. Bt - ’ i ui - e’ o f  t h c ’  s imp l e ’  t i m e  I motto - we crc - examinin g , w<- < -c-c —

pe ’e ’ t e d  t inci  , i h s e r v ed  t h a t  most  o f  cii r sampl e - It’ l l  i n t o  t hr  t r a n s  i - c  t om s

em s o l i d  s t c i t ~ c a t d - g r v .  h ,  f u r t h e r  hss - r - : e - d  t h i , i t  W h i l e  t i e r s -  i- i s  ,i

r , i i c i d  t r a n s i t i o n  f r o m  t u b e s  t o  t r c n c s i s t c l r s , t i m e ’  I r hmtc - i t  ion I r c r ’  t r an -

s is t o r s  to  i n t ~ ’gr a t e d  c - i r c u i t s  has mov ed  t t t i i c ’h met ’,- g r m  h od ~v . Kcere-

is  nu t  a S I c - c  r i ng  c o n v e r s i o n  to  iii t e ’  -.~ m ci t e~h c i r u  i t s  , ci ra t her a t s .  m c i v

L i i e i ’ c ’ , i t - c c t f l  t~~ l e p r o p o r ti o n  of IFs .

t~~h l e  ‘
~ i s  o i c t l i s ’r e xamp l e ’ of  , i  t t -~ - h n i e ’ c i l  da ta sheet that ‘-cho~~c~

t i l e  c h t i r c m , ’t ~~’r i s t i c -s of  ci c ’n i p c i t e m .  Re - h av e a c t u a l  iv di , ’\’ c’ l c t i c d t

~~ d a t  i sh e e t  f o r m a t s , one i - ~ we’ p r e y i o n sl v  p r e s e n t  < -d in  ‘t~~h le  -c , a n o t h e r

spe ’ i  l i c a l  I v  I ’ m  c o m p u t e - m s . c un d  ci t h i r d  f o r  i n e r t i a l  n c i v i g , i t  i on  S v st s ’mc—

~~ ‘the  sh ee t s  t i r e ’  t ci i i  o r e - c l  t o cci i i c - c t  t i e  in forma t ion t ! i , i  t a p p e a r s  to  bc

most  m e l  e’v m n in  c i n a l v z  i o c t  ‘ o st for the- sc - systems - For  ex a rcp  t e ~ , Ofl

t h i s ’  c o m p u te r  shee t  we have ’ added t h e  c b o i r i ~’t  er i s t  K’s of m e m o r y  siz < - ,

n u m b e r  of  i n s t r uc t i o n s , and access  t ime ’ .

A few i n t e r e s t i n g  d i sp l ay s  of  t he  i n f o r m a t i o n  were then  d e t e r m i n e d

and displayed on a summary sheet (example’ in Table 6). For each sys-

tem , we normalized the costs to 1975 dollars , p lotted a cost—quanti ty

curve , ran a regression , and determined the 100th unit price. The

summary s h e e t  a l s o  shows p h y s i c -a l  c h ar a c t e r i s t i c s, power i n p u t , and

technology level. The tee’hnology level shown relates to the technie’al

data sheets where a (1) denotes tubes , (2) denotes transistors , and

(‘I) denotes integrated circuits. 

, ,
~~~~~~~~~~~
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— - —I \ \ ~ll I i  I N I  I h h h l N l ( A t  D A t A  Sl IM I

DES I GNATIO N : l’r o p r i e t a r v
EQIJ IPt IE N T NAME:  N ay  i gc i t  i o n  s < - t
A i RCRAFT : A 7

WEIGII’l’: 6 ‘
~ lbs

V O L U M E :  r : T ~’:~~~ —~~~
--   - -

DENSITY : _1~.~~B�L~Ki - LL~ - — — - -- - ‘ -‘ - -  

INPUT POWER: 
__________

FREQUENCY BAND: 13 , 2 7 5 1 3 , 375_ Ml~z

OUTPUT TUBE:  Magnetron 
_________

FREQUENCY R A N G E :  13 ,275—3 i , ( 7 5  ~-fl~ z
MAX I,MUM POWE R OUTPUT : 0 .016 kW 

______

~ 4ISS I ON BAN D W I DTH: 216 .198 94  hDlz  
______

PULSE WIDTH:  4 .367 t i c  t~~~ 5 t ; sec 
- -

PULSE R E P E T I T I O N  FREQUENCY : 80 ,000 to 1 2 f l O~~ j ’o

R l- : cE1 vER TYPE : S u per h e te r c ’~l v n t ’
FREQUENCY RAN ;E :
RI-’ B ANDW IDT h! :  260 K l t z
S EN S I T I V I T Y :  — 9 7  dBm 

___________ _____

N O I S E  F I G U R E :  
____ ____ ___________

AN ’IhNN A TYPE : S l o t te d  array
GAIN:  18 dB 

_____ _______ ____

BE AMWIDTH : 3Ø 0 }{ x 4 . 1 ° \’
DESCRIPT ION: Fan 

_____

NO . OF MA IN BEAMS: 1 
_______

SLEW ANGLES: Fixed 
_______

TE~~~NOLOG Y : TUBES [1 T~~ NSI STO R S I~~~EC~~~TED CIRCUITS 0

Ground speed indicator Pulse Dopp ler
Drift angle measurement
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‘ta b l e ’  5

AIRBORN E DIGITAL COMPUTER

Des igna t ion  P r o p r i e t a r y  
_____ _____ ____

Equipmen t  N ame 
______ ________

Ai rcraf t - A 7  
______ _____ ___________

Charac teri stics

-: bcight 80 
______ ____________

Volume 1 .5 cti ft  
______ _____ ______

De n s i t y  5 3 . 3  lb/cu lt —_____

Power CO n~ ur c tD t i o f l  325 w a t t s  
____________ _____

1 ’ “ S i z e  16 K words 
_______________ ____

h~~~tI Length 16 h i t s  
________ ______________

Numh c-r of Instruction 5 51 
_______

5 

?-~e~ory Access Ti~ c ~ l
__~‘scc _ 

___________ -

Cycle Time , Read/liri t’~ 2 . 5  psec 
______

125 K oj is  
________ --

Conput ~~~i o m u ‘ii ~~e 
-

Add S USCC 
_____________

t ’h u l t i p ly  20 pi; e~C 
- -

? t  m i s e r  -

I.
-
~ - ‘~~~~‘ . ~~~~~~~~~~~~ ~~~~~~~~~ c 

. 
-

~ ‘~~~~ ~~~~~~~~~~ • ‘
~~~~
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Typ icall y it i s  d I s s I I m & ’ cI , in  d e f e n s e -  ‘ s ’4t . 4 ( 1 - 1 1  \‘ S i S , t h u  I V j - ) I ) j i P - , s - ’~4 c s - r —

j eu cs ’ a p p r o x i m d u t t - k -  a ~()  pt- re - i - i t t  h i ’ , u r i i i I l ~ -, L ’ I I P V S . h i s  s m i l

C 
shows tiut’ p ot c ut  Ia I d i ng i - r s  c c l  assuming s c h  dl s l op e ’ . liii’ C I T I ~~’ s -  - c i

s I opt -s is I ro n  h i  . - r e - i — i t t  t - - I I -~ ; cc - ! ’ c 9 1  I . I n  p 1  c I t t I t ig  I c -  c - s t

(1, ,1~t I ) t I t V  d l I r v c s , ide also ohst-rvt’d ,
~ p he ’uoria ’non s t - s t  d -si ’ y  I h i - cl as ‘‘ re-

coup ing i UV e St f l h t ! i i t  “ i l l  ss’v~ ’ r t I  ‘ ‘ 1 5 e~~ - , W s ’ u i n; s - r \ - c - u  p r e c d t i - t  I o n  ‘ s c s 4  s

or p r i c e  w h i < h  set -med to ht- pr oc ’ s - s - el l u g  d c s w i t  t y p i c  ; u I  ~~ ‘ ‘< -r s
-
. f o r  t h e  first 1 r p r o d u c t ion i t s .  h u t  t h e n  i i i  , i h - ~~ i t  t h e ’ t h i r d  1 - ’

L ’r i n  the  t h i r d  or t ~‘ u c r  i t t  V t - I O t  5 ! ’ - t 1 1 ) 1 1 , t i i  c O S t  ‘.‘ ‘u d sc - i S - u V

j ump hi gher , t hen  - u g u i i  p ro c eed down t i l e ’ 5 - i t h -  c - u ’ . ‘ ut  Id ’ s ’  s urv e . ~~~~
-

are  not Sure’ w h a t  t h i t s  ms-ai l s , but i t  ~l c v  m d i -  i t t ’  t l c , ~ t r s s c i t  i C

-_ are buying in or subm ittin g o p t i m i s t  is ’ U S d 4 4  1 0 ( 4 5  - t  p r - 1  t i n t )  c ’ s ’ ’ , t S

at the ear l y p r o p - s s u l  st a ge  and t he n  r i - - s n I p i n g  i t )  ~ t i h ~~s - - 1 t ~~~~ t p r o W c  -

t i on  lots  if  th e  o r i g i n a l p r e d i c t i o n s  W s t s  e - r t ’ t 1 s - - ’ I I ~ -

One of the  c o l u m n s  i i ]  t h e  s umm a ry  s he et  - I s - p s i c  t~ -d i t )  ab l e ’  h j~p

t ha t  of cost P t- r Pound . A q u i c k  se an oh ’ t It i s  c ’o I urnit a ’  ~- < - I s t h e ’

danger of a r b i t r a r i l y  u s i n g  ~ c s5 t  per p o u n d  IS  ‘ I I I  s- s t  i m s t  i n 5  i i ’ t o r .

For example , w i t h i n  an a pp f i r e n t i v  h o m o g e n e -> s c s  samp l e  04 r a d a r  se t s , i l t s ’
cost per pound ranges f rom $120 to $ 3000 . We f e c u n d  t h i s  k i n d  of

v a r i a b i l i t y  to e x i s t  w i t h i n  many c l a ss e s  of i v i o u i r s .

I 
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- l i t  - ‘I ’IIE A l ’ P l , I CATI ON ANt ) VALUE OF A V I O N I C S  COST DATA

he did some cursory analysis of this data base w h i c h  we would

I t k -  t o  r e l a t e , u s i n g  a segment  f r o m  our  av ion ics  s amp le .

‘i ’u i - : SAMPI  -

- 11)0 examp le  i s  Bombing  N lI v i g ~i L i o n .  Table  7 shows a l i s t  of bomb-

ing  n a v i g a t i o n  e q uip m e n t  on hoard  aircraft developed since 1965. The

- - s a m p l e  s ize  is 46.

-
‘ T a b l e  7

BOMBING N A V I G A T I O N  EQUIPMENT

A JB—3A AP Q—88 APQ— 13 0  ASN — 46 A SN— 9 0
A ,J B —7 — 99 —134 —48 — 91
A J N — 16  — 1 0 9  —144 — 5 0 — 9 2
A , I Q — 2 0  — 1 1 0  — 1 5 3  —56 —99

‘
5 A P N — 1 6 7  — 1 1 3  ASN —1 9 — 67 —109

—185 — 1 14  —31 — 7 0 AS Q— 61
. — 189 — 1 2 6  —3 9 — 6 9 —9 1

— 1 9 0  — 1 2 8  —41 AVQ — 7 — 1 1 9
ASQ —1 33 A S Q — 1 5 5  AVA—9 —9 AYN—4

ILJ SAI-IPLE ANALYSIS

The sample s ize  was significantly d iminished due to a number of
- problems . First , we were unable to collect cost or technical informa—

tion on five of the Bombing Nay systems for a variety of reasons.

This 90 percent response r a t e  is p robab ly  u n u s u a l l y  h i gh .  Se -ond , we

discovered , subsequent  to the da ta  c o l l e c t i o n , t h a t  n i n e  of these

bombing nav igation systems were misclassified. That is , they were not

really bombing navigation systems by definition . They were , for

example , disp lay s and altimeters which had to be eliminated from the

L 
d ata analysis. Third , th ere were some product line relations , f o ll ow—

ons o r modifica t ions, wi thin our sample. We found five families of

- equ ipmen t which fur ther reduced our sample by ii. Our sample size

wa s reduced to 21.

~ 

- 
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STRATIFICATION

In an s-f f o r t  to crea te  homogeneous samp I es of eq t i i pins’n t we st  r~i t I —

f i e d  the  bombing navi ga t ion  equipment  b y t e c h n o l o g y  and f u n - t i o n .  We

divided technology by tube , solid state , and integrated cir sui t s (Table

8). As expected , most of the samp le points fell in  t h e -  s o l i d  s t a t e -

category. We also identified some log ical equipment categori es——

doppler radar , In e r t i a l  navi ga t ion , b a l l i s t i c  compute r s , a t t n - k  r a d ar s ,

and terrain following radars. We recognized t h a t  this matrix ran he

expanded to a 3 or 4 d imensional  m a t r i x  b y f u r t h e r  s u b d i v i d i n g  b y

capability, modes , or some other unique equipment ‘har act eris ti c ,-s.

As shown in Table 8, most sampl e cells contain only one ~sr two

avionics systems . The important message here is that in striving to

develop homogeneous sample categories from which meaningful sta t i s t i e -a l

analysis can be done , the sample size is reduced to the point where

statistical analysis would not be meaningful.

APPLICATIONS OF THE DATA

Stat istical analysis of the data is apparently pointless and , as

a result , the precision of any derived cost estimat ing models would be

suspect. There are still a number of useful applications of the Rand

avionics data base.

A grea t deal of avionics cost analysis is done b y ana logy , th at

is , seeking out a past system that has similar phys ical , performance

and , hopefully , cost characteristics as a system being proposed. For

this type of analysis , a data base such as ours , that includes nearly

1 - .
~~ 200 avioni cs sys t ems , is ideal.

Another app l icat ion of our data base li es in the usefu lness of

the aggregate avionics suite costs collected . There may be some

rela t ionship , fo r example , be tween the cost of the avionics suite and

mission requiremen ts or some other aircraft mission requirement variable.

This does not rule out statistical analysis of avionics cost

da ta. There are very defini te limi tat ions using ou r da ta base , but

plirhap s through the expansion of the aircraft samp les to in clude , say,

transport aircraft , elec tronics aircraft , command post aircraft , anti-

submarine aircraft , and so on , t he samp le ce ll s of homogeneous equip-

men t could be expanded to the point where some si gn i f i c an t anal ys is

could be performed .

ia 
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lv . FtT - i- t lRh - ;  RE OI I R EMEN I S

Our  experiens’s- in avioni c s cost a t t i l v s  I s  I c ; l e l ’ e  415 t - c o i l  1ii ~Is’

that there are potentiall y bett e r ways t cr  t h e ’ l)e’p ;tr Pc - I t cc! I)c- ~ e- I I s c -

to proceed t e l  I n s u re  a u s e f u l  a v i o n i c s  c o s t  - ha t a h , i s e - . l ’ - - r c - r : -ot is

continuity. The intermit tent natur e - of p i’ c - v  i o us  c o st  i n - i l  vs -S and

data base preparations have limited t h e  val h c f  t~~~- s i a t e ( c c l  l~ - - t ed

Each new research company must ca 11cc t c c c s  t - oud  ( - i t t )  I s  c i  d i C e w!i  i cli

has already bs-en collected by ot h e r  r s - s s - a r c - 1i f i r m s .

In order to capture the s-os t s-volut ion of av I - c ) 1  i c ’s c - l U  1 p n I c !) t and

eliminate t h e  i n e f f  ic -iency of continuous re - c e l l s - c t  i on  of ~~ t c r C - i t  i c! ) ,

the Department ci Ik-fense needs to assign ~ p e - c - I f i c  re sp o itsibil i tv t e l

a col lec ting and processing organization and to coot inuallv scip p ccrt

that organization . Additionall y, DOD needs t o  u t i l i z c -  t he  sy s t e m s

which are available for d a t a  storage and re-t n c- v~lI , name ’ l v  t h i s ’  ( ‘ s

Analysis Data Bank System (CADBS) with Batte ils- i,ahorat~-r ie- ~- .

With many of the services and contractors c onvert in ~- I - -  t h e -  Rhc\

• cost estimating model , PRICE , there is a need i c r  1)01) t -  m aintain an

independent estimating capabilit y . One way t o  a c c - ecmp i ish i n d ep en d & - n c -

is through continuous collection and analysis 0! a v i o n i c s  i n f o r ma t i o n .
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