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ABSTRACT

These proceedings describe the activities of the seventh
quarterly meeting of the Life Cycle Cost Task Group of the
Joint Services Data Exchange for Inertial Systems held
29-31 July 1975.

The proceedings contain the slides and text of the
invited papers which were available and the result s of sub -group

meetings .
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PROCEEDINGS
OF THE 

-

LIFE CYCLE COST TASK GROUP

OF THE
JOINT SERVICES DATA EXCHANGE FOR INERTIAL SYSTEMS

JULY 29-31, 1975
FAIRBORN, OHIO

1. INTRODUCTION

The 1975 Summer meeting of the Life Cycle Cost Task Group of
the JSDE/ IS was held at the Holiday Inn, Fairborn, Ohio on July 29-3 1,
1975. The meeting convened on Tuesday Morning with a report by the
chairman , Mr. Russell B. Stauffer ( DRC).

Mr. Stauffer commented on the requ irement to elect new members
to the l xecutive Board. Since all members were elected last August
for two -y~’ar terms and the charter calls for half the members to he

eJec ted eac h year, a request was made that one member from each ol’

the groups ( Industry, Government , Academic Research), resign;
\ Ir .  Stau ffe r resigned as the Academic Research member, Mr. Add
( Northrop ) as the Industry member and although he was not present , i~
was agreed that since \.lr . Laird (NAS North Island ) had been appointed
to fill a vacancy, he should stand for reelection. Mr. Stauffer appointed
a r~ominating committee consisting of Don DeBurkarte of Collins Radio,
:\Ir. Russell Genet of AGMC, Mr. Peter Palmer of Charles Stark I)raper

Laboratory and requested that they report at the Thursday business
meeting.
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At the Thursday meeting the nominating committee recommended
that Mrs. Frieda Kurtz of ASD. be nominated to replace Mr. Laird and
that Mr. James Taylor of Honeywell be elected to replace Mr. Mel.
It was requested that Mr. Stauffer stand for reelection since besides

Mr. Stauffe r and Mr. Palmer there are no other members of the

.~\cademic Research community who attend on a continuing basis. There

being no nominations from the floor, the three members cited above

were elected to the Executive Board.

There was a discussion about plans for the next meeting of the

Task Group and the decision was made that such a meeting should t.e

held in conjunction with a meeting of the parent organizat ion (JSDE/IS)

in November in Florida. It was also suggested that there might be a

requirement for an interim meeting in order that work on the model

and the suggested User ’s Guide could be discussed and be ready for

presentation at the November meeting. Since a call for papers at the

November meetin g had already been issued, it was requested that incin-

bers submit their ideas as soon as possible.

Mr. Stauf fe r also briefed the membership on his April meeting in

Washington with the LOMAC/REAC/ad hoc committee on Life Cycle

Costing of the NSLA and on the results of the Seaview Meet.’ng of the

LO\1 AC/ RL~\C Grou p at Absecon , New Jersey in June. He emphasized

the fact that spe akers representing high levels of government at the June

meeting had made it very clear that Life Cycle Costing and warranty

provisions will definitely be present in all new military procurements.

The balance of the meeting was divided into two parts . Section 2

of the proceedings discusses the progress on the model and the action

1-2
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of the working groups which took place over ,the balance of Tuesday and

on Thursday morning. Section 3 contains the invited papers which were

presented during the day on Wednesday.

Appendix A contains the Minutes of the Executive Board meeting

held Thursday. July 31, 1975. Appendix B contains a list of terms and

acronyms applicable in the Life Cycle Cost areas which were provided

by Pete Palmer of Charles Stark Draper Laboratories. Readers are

invited to add to the list or to make any corrections which they feel are

necessary. Commentary should be addressed to the Chairman.

Appendix C contains a list of the attendees at the meeting.

1—3

_ _ _ _ _ _ _ _ _  

.1.’
_ _ _ _



-. ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - r .—-- .-~~~~~~ 
- -

~~ — - - .

This page ifltention ~ fly blank .

—4

---

~

-—-------.-., -

~

---_ -——-——-.-——- -------- —~~~-— -—-~~~~~ —- ..- - ..- .



—. 
~~~~~ - - .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -r..—-- - —

2. M J)EL PROGRESS AND WORK~ 4G GROUP ACCOMPLlSHME~ TS

Keith Gibson of Autonetics opened the discussion of progress on
the model with a discussion of some difficulties he had encountered m
utilizing the input schemes suggested by Don DeBurkate. These prob-
lems arc identified in Figures 1 and 2 and culminated in some recoin-
mcndations which are shown in Figures 3 and 4. The fin al result of
this discussion was a proposed new card ind e,dng scheme which is
shown in Figure 5. -

Since there were many persons present who had not heard the
previous discussion on the old card indexing scheme, Mr. Stauffer
requested Don DeBurkate to describe his recommendations to provide
a basis for comparison. (The reader is referred to the February pro-

cecthngs of the LCC Task Group for information on that scheme. ) Since
there were obviously some unresolved questions, the problem was then

left to one of the working groups for resolution.

1~eit l: Gibson then turned to the discussion of programming in gen-

eral.  lie began by showing the tasks accomplished (see Figure b) and

1isc~i~ sin’~ the flow charts (Figures 7 and 8 and in 9). He indicated ihat

the basic algorithms had been coded except for the RDT&E section; that

the override techniques had been developed and that in the course of

d in g so he had idantified some discrepancies. He also suggested some

changes in the procedures that he wanted to follow, discussed the c zer-

rid e techniqae (Figure 10) and raised some additional questions (Figures

11 and 12) . Remaining activities are as shown in Figure 13. The discus—

sion culminated with the identification of the series of working groups

which might be required ~or the session. These are identified in

Figure 14.

2—1

.— -.-- -

~

-- -— -

~

—-——

~

-.—.—- - -

~

. -



-— ~w~~~r ~~~~~~~~~~~~~~~-~ ‘F~~~~~~~~~ fl ~~~~~~~~~~~~ ~~~~~~~~ - .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- a~

LU

a
LU

-J

o 0
C-,
4 0 —4

I— Q)
4 ..

~ zo 0
0

o
LU

LU > 4
~ 1 4 I

I
>. 0
4 0

0 0z I-
4 -J

Cl,
0
I- 0
5 I-

LU
2 C.)
0 4 —

• • •

2-2

-- - - - - - -— .-,---- ---

~

- .---—- --.-- ——- -~- -- —~~~ — --— - .- - - - - -~~-- --~—. ..—- --—.-
~-— —-—----~~- - — - — - - -.



I

0.

• S S

2~ 3

L . . - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~ 
- .



rI__. —.——— .. .—. - ,,—,- .~
--- - —-- _.

~
_
~
__

~
•____ -•_ -_7—•-—— - .——•__—_ -_-•___._ ._ — — — —  .—.--——— - -~

.
~~ —— - — -.-—. 

~~~~~~~~~~~~~~~~~~~ _. _____._____ .~..~~_ ,._ ._ __

>
I-

-J
4
2
0

LU
0.
0 

-aO wUiLU 
~~~ 

F- —
2 < F-

LU — ~~~ 2_J 0 LU UI
‘I, 4 z C”z 4 LU CU
2 E I C

~~~o
C.,

0 C’4~~~ ) 0 q)
Cl) 0. 0 ~I -. 

~ 
LU

U) F- 0 ~~~ ~
,, -~~~F- ~ F- •

8 Q O  ~ 0
LU C.) 0. 0

4 _ 4 LU
F- F- ~ Ui

I
0
-a F-

2

LU —

LU
0 4 Cl)
C.)

2-4 1; 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



.. - -- - - - , - . - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — .——-.. - — ,  .w_ _ .— ~—-.———— .-—. — — - . ..r

LU
> -a
4 LU
I

4 
~1~~0 4 4

I 

I 

-

> )I I  UI F - L U4 -—

I’. •.0 - . I U<  4 o
O - I L~ 0 — r
LU ‘~ F - L U  

_ 
F- (I)

~~~ ‘
.
\ 2 0 > 4

0 LU 2 F-
F-

Ui 0. .~~~~~O0 F - Q  o~~~~~~ <

F- ~ 2 4  F - 2
4 LU w Z  LU 0 .0
0 2 ~LU~~~~ ~~~4 4 ~~~~~~~~~ 0• 2 0 0 0.~~~~ C-)
0 2 4 U ~ D F -  ~~~~~~~~~~ 

0
2 0 a ~ ‘.~~~~~ F- Z

QR -ì ~~~2 2 ~~~~~~~
- ~~ >. UJ Cl,

~ 0 . 2  4 III-a 0. — 0.0 O U C . )  ZLU 0. 4 4 4  UI
‘4. I O~~~~ 0 LU LU WF-
> 0 >0 Q CU

4 0

2-5

-- — — - - - - -~--- — , . .. — -— 
. 

•



-~~~~~~~~~~~~~~~~~ --.-— -——-~~~~~~~~~~~~~~ - .~~~~~~~~~~—- -.- .- -
~~~ 

_ _ _ _ _ _ _

4
F- F-

4 2 4
I- CU 0

2
I-
LU 4 0 4

F- F-
0

0. — F- 0 2
0 LU 2 0 0
0 0 Cl) 4 0 —

C,
2

CU
0 F-z 0.
— UI F-

0 0
F- 4 04 4 F- 0 2 U,

o F-
LU I- 0 

— w UI
2 F- o LU— — Cl)Q
C,) I- 0 UI ~. 

Z
0 0 0 0 > UI 0

U 4 0 0 0 — 2

0.

o
§ §

2-6

______________  ______ ____ ~~~~~~~~~~~~~~~~



— —‘.- — -- ---- -- -~~
-

~~~~~~~~~~~~~~~
--

~~
- - —— .—

~
- --—.--~~~--

- - - -- .— --
~~~~~ --- - --. —• -  - .-

0 —
UI 2
I 4
C,)

F-

0 
~ 

F-

~ 0~~~ ~

~~

~~ 
~~~~~~~~~ 2 ~~~ -~~~~

I ~~ 0 2 
~ 

>
0 F-~~ ~ 4 0

C, — 0. ~~

LU

4 4~~ 2 UI
-J C,UI LU

0 ‘-‘ C/) UI

2-7

____________ ________________________ ________ - - - ~~~~~~~~~~~~~~~~



—.-——— .——
~ 

-,—••—•—-——
~~~ ——.—••—.---•-~ --— -——— -—.— ---•- .—-,~~~ —-..- . ____________________________________________________________________________

r 0
I-

~ I44~~~ U W I - u 3

~~Z Z  ~ UI
U.

8’~-~~~ 8~~ 0

-
~~~~~~~~ ~~~

fl1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

To
I ~4

- J o
4

4
I-

~0) 4
UI ° 0

~~
i— 

~2 4Z4 N
0

-~~~~ — — - _ _ _ _ _  _ _ _ _



- .~~v—~~.,-rwr ’ ~~~~ ~~~~~~~~~~ ___ _w—_,--.!-~ - - I - ~~~~~~~ . _ _ ~.,— ‘fl -~~_ . .  —.-- -- - - - -

UI

UI
I-
0.
2
0
U
F-
a.
2
H

3
LU
F- —0 3
S UI
-— _~ U)

3 0 C’)o ‘9
• + 4

C.) 0 Uir~ C/)
+ 2 Cl) I—

F- F- 0
D < F- ‘ 4 w

4
a, it ii 

H 8

ii U A ii A ii U II II 

- -- - — -~~~—. -— - - -~~~~~~~~-~~~-- . —-.



V

_ _  

Eu]

~~~I’ii _ _ _ _ _

°< ~~~~~~~~~ I

4 h
0

2-10 

.--- - - - . —- - - - — — -~ ____



_________________________ 
______________ - — ‘ - — - - . - ,... .—- --~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

LU
>
4
I

F-
UI —
I -a
F- LU
LU > UI

Ui CC
C, 0 F-LU LUI- -~ 24 0 0U
F- .0  2 0
Cl) 4 - ;CC CU
C.) F-

0 LU- 
UI
C 0 0~~~
LU
2 LU

I U) UI > 0 C/)
F- 4 I-~~~~~~ 4
LU C.) 0 F - F -Cr -

~~~~~- - ~~~~~
- — >

0 I- 
~~~<LU C’) -

~~0 -ì I~- C C
0 0 ~~~~~~~.._. ~0 W
— 4 ~~~~U Q2 2 F- J (/) Cl)

2 0 < < CU U J Z
0 — 0 ~ ~~o

cc -’
2 2 0~~~ U. F-0 ~ w U. 0 0

° UI 2 F- 4 2
cc ,j, < 0 ~ 2 ~~~F-
CC — F- UI ~~~4LU ~~~F- C/)

I ~~~Z 0 w 0
U O w ’4. uJ cc > U)
I 2 < F -  w w~~
~ 0~~~~~0 C C  CC 12
— < C C  F- .C )~~~ LU
~ 0 U I Z~~~ 

CC w >  F - c o
0 0~~~~~co 0 0

-I LU

0. 42 U
F- 0
C/, 2
— I U..F- —

th

2-11

.- - — . - — - .- ~~~~~~~~~~~~~ —~~~~ ---~~~~~~~~~~~ —-~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



------ ~~— —‘•--—-,--- .— — , - . —•.—- - —.---.• .-- —. --- --__--~~-—-—~~_t.—-— ~~~
—

~
--

~~
,.—_I—~~ -”--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~

C’)
0 0

~~~~ UJ CC
0

2 2 Cl) —

0 0 2 <  UI C
— F -  UI 2 C g

U ~~~00 u J —  2 LU
0 ~~~4 — ‘

~~~0 I
2

0. 2 C, 
~~~~~~~~~~ I-

0 ~1 U
U

2 0 c0 W .4
LU ~i —~~~

I- CC
0 ~~~ z — LU
C-) LU

0 LU ~~~ 
~~~

O

I ~_F- 40 LU II — F- F-

2-1k 

-- .--—~~~~rn.~~~~ . .- - ~~~ -- - .~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —~ —---- -------- - 

~~~~~~~~~~~~~~~~~~~~~~~~~

CC
4
0.
LU

2 ~~~~~~~~

OF- a 0
F - C C-~~F-

-a
0. F- 2
0.

~ 
Z~~~w~~

F-
2 ~~~~~Cr U)

S LU
o
LU F-
Cr LU L U W~~~~~~
>- I z
cc
0 0 — _ _ _ _  —

w 2 I C~I

ccC.) LU F - C0 0 .  < 2  1
Cl) 

>. 1 -4  c c l
LU LU a. I C C  ~~ I
Cr CC 0. — LU Cl) 0.

2 
_ _ _ _ _ _

° ~

O ~
- z ~- ~Cr 
— — 0 UI W

0.

LU ~~ .J,~ .J
O U) ~~~~~

— ~—WUI UC,)
O LU ~~~LU Cr4
LU ~~
LU
2 

_  

_ _ _

2-13

______ -- - . -
~~ 

-
~~~

-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- • - - -—, ---,---~,--•— - - .-—-“ -,-- ---

2
0
F-
-I
0C/) U)
LU

LU Cr-

0 0
0 0

Cr 
~~~~~

-J Cr,
0.

• I Il !~ I ~ 
4

2 -14 

—--—--~~~~~~~~~~~~ —~~~~.-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~ 5— ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
— 

_55_ _ 
~~~~~ — —“-

-- -—~~~—--—~~~~~~~~~ - -.5-.- --.~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

U)
LU .4
- LUo ~
~~ 

C,
I- 2
(I, ~~

o LU <
I o
4- 0.

w 0
0. -
(I) 2 .

C
o 0. Cl)2 w
2 -

o cx: -J
0 F- 0 p.

— C.) >
(I) 2
C/) -~ ~I) LU
LU -.~.J 

— .

I/) L. —
F-

F- -~F- Cr

2 ~U) F- — —
5 r- -5-’

0. Cr . C~ rLu .... 4
0 Cr~~~ 

15-

Cr 4 LU

I z~~~~~ ~~ ~ :
~-

•) >-

2 1~~~ 
.•

3 — - L .  ii
-., - —

~ — ~-:

Cr -) - -  F-
~d)  

~? ~ Li L,j — :.~C- 2 -~
-~~ -~ ~

-- -j
—

? C_I

~~~~ -:~ C) ~
_ _5_ _ 

~:
-
~ ~~ .1

— 
Li

c: ,. ~~~ 
~~~~~~~~ 

. _  .~~~~~~~~ 5.-.

— - >  L~ ~_ -.

:~~~~
I 

~~~~~~ ~~~~, h—’

L

-: T~~ ~~ ...,
- .

- ~~~~~ H 
-— 

~: ~~~~~~~~ -j
-~ — — L. L

.5. :1. — -~ ~. ~~~ L. Li 0. 7:-
• 

); ~~~ ~~~
. :5) ~~.. ~~

— 
~

— - 5 ,

~

L<  L . j~ Li C_
~ - -.~~~~~~~~~~

-
~~~ ~~_

-

— - -  — . . 5) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~_~~~~_ -.--- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.5-



— ._ 
- -- —-----,~~ - ~~~~~~— —.~~~~~.--—----------- -—-

r ~~~~~~~~~~~~~~~~~~~~~~~~ 

—- ~~~~~~~~~~~~~~

\Vorkin~ (~ rou~ 1 consistin g of Jim Tay lor and 1 kIU ( 1\ l~dd i

• .-. i a ~ on tI R ilk ’nt if ication of common data. i n w i s e  ( , f  (it ~~~ t .~~ ~~Q~~j~~~f l~~i —

I - r I ~ S t i i * ’V ~V~ ’ Y t  ide to coiiiVe te their work a .:r1nt~ Ll ie cou rse ( - f th•

fl L~~~” U 4 .  ‘fl1~ ir resoonse will be forthcomin g shortly.

•~~L— ~ 2 oiid WL ~i’ t combined Jr a ~i-oup consisting of Bob Adel ,

i c L  \ h~~1 ui , I )oii I k’ I ~u i-k~rt.c’ and Dwi gIi~ Coil ins ai i M r csut te d  U~

l~~ •)O~ 1SL ~s 5 1 ( v;T i i  I- lgurc 1[ arid 16.

1 isk -1 ) i i  t I I (  IUY I & l~ ~I . :)( 1e l. LiS 1tO -, L i_ZM CU to Ik tt Pali’ner ,

‘I n’ ~i \Iogi.iirc , I ‘ i’~ - ad o Kurt i.  ano I o r  i Ft’c ~cr all u~ whom (w~.th thu c:~ce p—

• \ i  r .  Fc’1’5 r  iad participot c1 in the er ig oiod  dev5.:i o L .i n h f .:ut , .1 -
.

~~~ 
; k &. C 0 :0  iii -

~ 1 ~~~. 1011 in th is ~ I ’oUp was that  ai sptt ( of i i  ~e ior !r & ‘ .~~~ - :S~

~~Ie :1L !U1 l t I I L i  - ~ .1 ti b~~~ co~~ o-i in t o  H,c f l j u :~ c’1 a ;~~~c the overr tU c t (

-. I . 2  i :  ut t I i i :  0 to h~ i~ n or ’& d as ru q .i i I t : i . i w grou p a so r 0710 ~~~~~ M

- 0 .~~~ I~~ LS j -
~ t l L\ \ V C I O W  i I1L) .’!. and iiade 1 euu  ~nc1,ua f iun~ f o r - o er ia t h

:~~s. ] - ~
‘ - Tho ,v  ii in Iii~ d’ c~ l~ 21 . ~i ) ~:\’ Ol0 ( )  i le l i ned soxn~

I’: • - so Is I i i  . 1 ’  ) I  OI L , . W~ 1Mb 15 5I I & )  ‘~~ Ii  iii 1~~ ~~it 1O’ 2

P •. ii I I i • \ ,  I~~ I 0 )  I ( ‘ ‘ ~~. s i i  U . ’ 
~~~~

;( . ,
~~~: ~J 1J L\  i s .  0 ~t l ~~~i, 01

I.

- 4 J fl ‘a ’ ’  • ‘ ‘ l t - l . 1 1c~~ 0’ ( rh ~~‘~~ i-; 00 I r ) I M I .s ’i  ‘ncl u i r ~~ -i -o -

I .~~ L .  I d ’-~ r o ‘ o . i I i  a :, 1 0.ar  es1 ~ o~ . ‘~c i -~~ r ’ s (z o l : 1 ’ :. ~L :L.

I ‘

,

~ 1’~

— - - ~~~
, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 5 -



n rr ~~ -C~~~~~~~~~ ~~~~~ - - -5 --—- - - -

2 U.

U) I - S  I-
Cr

C) Ui

5- 5 5 U. F- 
F-

Cr LU 0 LU
F- -

~~C.) 
- - LU 2

D > . Q  
~ R ~ F-Cl) . 0

U) -a >Q) 1- 2 .
- . C, — 2 W 0

~ 2 ..i CC~~ ,~ 4 S w
4 0 2

CC ~~~~~~~~ 2

X C’) 2 
-U) ~ c ’C  Cr O~~

~Q 
Cr Ui

~~ ~~~~ ~~~~~~~~

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
_ LU .3 ~~ -- -2  0.4 0
0 -J LU (.) > Q. ~~~LU 20. C.)

Cr 4 CO~~~ ~~ ~~5 cc
U. < C C  > 00

0 —  0 U.
~~~~~~ i F - Q~~~~~~~~ ~~~~~~~~~~~~~~

4 0 < 0 ~~2 ~~O —~~~~ 22
LU LUF- _ — o D

- 4 _ C/) r~ C’) CO 0.
4 v, — cc ~O I- 0 CC LU 

~~~-~J C I
S cc < a.. < C C0 

Cr 
~ ~~~ Cr~~ U) ~~

LU < N C r 0. 
~~2 0 — w i~~ 

42  C e’) --
C.) 0 ~~ 

— 
LU ~~ O ~~2 00 CC

- C-) F- 0 co 4 F-
Ui F- ~~> 4 LU 4 0 <

CC CC — -i z ~r C/)~~~ ~~ 2- i
0. 3 _ 

U) < 
~ 

O C r  C r w  ,~. 
4

S • •  D Z W  IC  ‘- Cr F-
w 2 LU 2 F-~~ F- 2

~~ 
p- < — o2 o 0 > 0> 0

> OF-  — W~~~ ~~O — I-- —2 w -q F- F-a. Cr F——Lu — -
~~ 0. 

LU — ‘-. Lu
..JZ 0 > 2— Cd)

2 o~~~ 
0~~ < w 0 U)0 ~0 LU cc ~~. 

C O F- U) LU
~‘~~c’ LU 4 

~~~~~~ 
0 CC

— 0 2 Cl) F- 4
cc ~‘ 0 cn< <~~ i >.~~ - -

Z C- )  2
— . 

LU 4 0
cc F- F-i-. F-~~ 

~~~~~~ •.~~~~~ 0 
-_

•..~ F’ 0
LU -‘- U .  C <C.1) ~ 0 4

~~~~~2 O~~ ~ w 2
> LU Li LU LU —_ C/) .4 ._J LU

2 4)- 2
cc 5~~ 

0 
~~ F- ~~~~ Cl) 5

~ 3 35  ~ 30  ~~~uJ LU 0’~ 0
U~ a~ 

0 r— C.)CC >0  0 LU
LU 

~~ 
UJ~~~ ~~ W 4  UJX 4.4 LU

(N CC r.~ C C C , )  ) CC C- ) C CW  F- ~ Q. Cfl CCa S
8

C C-) 0 w

2-1 7

—5- —_.---~~~- — 5 - --



>_
I—
-I

4
LU 2 ~~I-

Cr a.2 0.
40

2 2 ~~~4 2 cc
— F-

— Ui

CC CC2 I I  4 ~~~U) U) Cr2 U 5 ~~~~~~~~~~~~~~~~~~ 
CI) ’~

~ ~~~~~~ 21c0 5
2 fl LU ~~~~~~ DU F- . rc > ~~~~~~(

~1 cc U W <  U G i -—
LU 0 .

~~ LU 0 .~~ ‘ ~~ 4
I— 0 C > ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 ,  Q
LU Z -J I - C ,  (°

2 0 4
- C.)

+ç~ . . 0

2- 18
I

_ _ _  _ _ _  _ _  _ _  _ _ _ _  _ _ _  5-. - ,



_ _ _ _ _ _ _ _ _ _ _ _ _  -‘. ~~~ ‘,. -~~~~
, - ,‘ 5- - - -~~~

.- -~~ - - 5---- .’

C,,
LU

* .4
0 4
LU
S

Ui
I— 0

cc -4
C, 4
O 2 —

Cr 0 ~a. Cl) F-~ 
C,

Ui LU Cr> 0 o
0. U.0 4 0U) 2 cc

F- 4 a. w
Z Lu C-I o U. 05 Ui — 0

o Cr
CC ~~O LU 2 LU —

O > I- CC
—I 0 0
4 — LU C,

2 - . Ui Ui
LU 5 CC I- CC F-
C, LU Ui 2 (I) a.

CC I LU uJ
F- S
LU 

~ 2 0  0
-. ~~

. — Cr
CC ~~ F- 0-.0 Ui 0 4 0.CC

u) , a w
F- ~~ I ui

~ 4 ~ Ui o
~ I au ~ F-I- F- ~ 4

S
a ~ U.
LU LU LU --

5 — CC 0
LU 5 4 0
o~ Q S
F--
O LU
CC CC ~~~ 4

0 - 
*

,- (P.1 C

2—1 ~

-— 
— -5  5 - -_—.~~~~~~~~~~~ ——5-..5 - - --~~~~~~ .-5 . ~~~~~~~~~ -5— ’~~~ -~~~~~~~ -.-——,- - ,,— ~~~~~~~ . 5 - — -  _ ‘ - —~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



—5.——- .., —_c,t—,’ ~~~— —

L~ J U) C/) 
I

F- ~~- I 5 2
LII UI — —

r=i LU I . 
LU
5

a.. CC CC U J C C
0 < < ‘  i

—

a. I +~~~~~~~
—

F- F - I - ’  S 2 ‘ C’).4 Cl) U) CC I —
LU w 4 CC

UI 
F - F -  ~~~~~~I U) > W ~~~~
U. u. I +

> 0 0 $  A I -J Z~~~ 
:r.

I- I— UI V LU
0 Oo 2 ~~~~~~~ $ ...~~~~~~~Q W

CC C.) z ~~~~~~~~~ ~

+ ~~~~~~~ I +

N I C’~ I-
U I I I  C r < 1 C’) CrI O S  +I I- I O F -o ~ F-

I- f-~~~ 4 I LU <
LU 2 2  LI. CC

CC CC
LU . . I  I
U) 0 0
I- 0 F - I  F-

— C,.,

2- . u

- , ‘ ‘ 5-’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -.—— ‘~~~~~— ‘——-—-- ‘ ‘~—~ 5-~~~~’ C” _ _ _ ~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _  - 5 - -  5: ,’ ~~~~~-~~~--. --.5’- -—_5-_-

a.
LU
C

0 <
Cr
0.

CC C’) C
4

C.,; C-
‘-5

Cr S 1-
2 0 LU

C., I— F-

‘~~~~~\
0 U.

‘ I  — 0 . 0 .

1 0~~~ >. z
I C C I -  LU

I 
0 ~~~~~~~~~~~~~~~

2 > .  F-
U.

I— C.) 2 0

I ‘
-~~~~~~~~~ -~~ CC 4 u~ UI F—

r ,- 0 CC CC Cr S
I a.o 01. ~~ ~ Z 0

0 0  0 C.) ~~ ~~ 
¶2 0

I C r 4  ~ 9 4 w -‘ 0
0. -

~~ U. Cr 4 ~I H U II a

1 0. CC
I ‘ 0 0 ~~ F- a.
i ‘ cc o I— F- F- w

1 
0. 4 5 5 4 0

L~~~~~~~~~~~~~~~~~ 
_ _ _

a

2 - 2 1

_______— -~~~~~~~~ —- —- -5_-~~~~~~~~~~~~ ——,----— -_—
~~~~

’ , -  ---
~~
,
~~~~ 

-
~~~ 

—5--, ‘- 5’ —



r —_ - - —--- -5-- -- --_ _— -— 5.--

~~~~~~~~~

- -

Cl) CO
I I
F- F-z 2
O 0
S S
LU. U. cc
0 0
CC Cr 9
LU LU 5—

U.
S S >.

I-
2 2 ~~~~~~ 

—

x x a.
I I 0 0
F- F- CC — C
2 Z 0. F- C’,

CC C)
F- ‘~~l I.J 0 a

- - .. ‘
——S a.

O 0 Cr 0. a. 0o o U) U) O CC4 4 1’
~~~F-~~~ 

0.

C-) 0 
II

S S CC CC
Q. CC C’)

CC 0. I—

2 - 2 2

_______ _____  
‘~~~~~~~~~~~~~~~~~~ “~~~~~~~~~~~~~~~ ‘5-5- ’ — ~~~~~~~~~’ -  .-5 . ’ 5~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 ’ _ .



—5.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ •• ~~~~~~~5 .5- 5. ’ I  — ~~~~~ - - .- ‘~----,- .- . 

~1

0
p..

U)
Cr 0 C1)W

I-

- CC H

4 0 ~ < 2
CC I ~~~~~~~~~~0 ,_ Cl) Ui 0 w~~~~

— O C r  ~ 2 - 4
— O~~~ “ F-

~~~~~~
> F -  > C r  0

+ + 4 I— — —~~~ -~I — C C  ~~ + ,- u)
—

I 

2 ! t~~~~~

2-23

__________________________________ ________ __________________________________________________________________  _ _  -5- - —.’- ~~~- . - --- - - — 5 .—



5-5-~ 5-~ ’ ’  ~~~~~~~~~~~~~ ~I’5~ - 5.~~__ ~~~~~ ~~ _ -~~-—~~~: 
—

~~~~~~~~~~~

~ F- < Z

0 LU LU
I CC ‘

~~I- -4 -4
I 0 .3 0LU UI — >.

— C.) 0
U. O~~~~~

F- ~~ 2 0.

C
~~ 

F- LU
Ui 4 I- Z
0 >

0 N 0 
~ 

LU >
o u.s U.

UI c.~ 4 CC 0 
2

CC 0 > LU F- ~~ CC
C) Z Lii w

F- LU 0 Cl) LU Cr
CC 2 2 5 2I-

U. 
~~ ~~ 

0
F- Ui C.) u~

> ~ > 0 0
5 LU LU
5 0 0 o
0 ~. U LU LU
0 - LU 

F-U) ~.. 2 ,q 0.
~ 0 5 I

LU - 
~~~ 0

F- C) I- 4 CCC —
CC LU > 2

2 0 LU LU
Lu C, U)
I LU -3 0 CC 0 4
I- ~ 4 I ~~ F- I-

2-24

- 5- --- --5- - —— - -5- - -. - -— - -~~~ ‘—-—--.~~~~~~ ‘ -.- — ~~~~~~~~~~ .- -- , - , - -~~~~~~~~~ ~~~~~~,



-- - ‘ “ — _~ .--~~a - “ 5 ” - _  ‘r -~ nv —,~~~~~~~~~~~~~~~
,.’ r — - -

. I N \  1’I’I I )  11 ’\ Pl’~RS

‘I h i s  s t -c t  ion contains thE ~‘i’’wgraphs U Se d  b y th~ s p( -a k ( ’ l - :

ar id , ifl 0 ’ I f l -  03 5 1 5 , t exts  of th eir  presentations. Each pape r is

pr c - t I d b i s hc t~t iden tifying the author and their  affiliations.

:~ -1 -‘



_ _5___ - 
~-55..-._.-. -5-— - 5 . _~~~~~~

DESIGN TO COST IMPLICATIONS

TO

LIFE CYCLE COST

by

Robe rt Mel Frank Merlino

Northrop Electronics
Hawthorne , California

3-3

‘ : -  .- ‘~~~~~~~~~~~~~~~~ , - . -‘ .-

~~ 
t .

p~~~~nn PAGE e~~Nlc. P rIJJ.t~~ ~~~~~ ~~ 
j

-5 - ‘- - -5- ‘ --—~~~~~~~~-5.5 — ‘ ~~~~~~~~~~ ‘~~~~~~~~~ —. - --—~~~~
-,-—-_‘-“-5- —-~~~~~~~ ‘-~~~~-~~~~~~-.— ‘ . ‘ - . ‘



U

\~~~~~~~~j / J

F-

(I)
0
I~~ o
~~~~~~~~

O nz S

1_ 0

z~tF ’~~~~

(J) \

LU

3-4

- — - - ‘— - 5  ,— — — -~~~~~~ . —  — - .—- - - 5. ‘ ‘ 5’ 5—— 5 — -  — --
~~~~~

—.— , _— —
~~~—‘



_______ -5.5.. ________ 
‘.7— -5 ~.

,
- ,. -..--_-5 - ____‘_‘-__t-c—-’_’ 5’ S 5-5-~~~~~55~~~~~~~~~ ‘

~

z n- — — — — — — —
4 1  4

A
_ (n —iE c~~—~

c3’~ O)~~F

I 0 — - r ~5 8
u_ 0

I- U:i~~
(II) [ !~~~ — • — — — i-.—. .2 — —

_ 1

U 2
I--o .

~~~~ ~~~~ 
(_)~~~~~~~~

~$ 

~~~ 0 ~~ ‘ EC~~
I — — — 0 v~ 

— c — — — —z °-
w .�~ 

-.
_.J c~

U C.~~ C

_i~~~~~ L
U) -

~~~~
1+- — —

Uio -~~

___ 
S

LI =.,
F--
0~Iii UJ

- C-.)

0

Ui C.-)

I

(1 

— Li- ‘~~~~~~~ a

‘.5
,

3-5

L - — —~~~~~~~—5’-5.— -.’ — ‘- — .5-- —5--—- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



——5.- -

>-
I
a.

>-8
~~~ 

LU
F-. — 

~~ C..) —
~~ I—

I’-
0 —

LU LU — (./ )2
= > w F- F- ~~9 I-

o =
0 0~~ L U —

C) Z LU LU
LU — Q~2 ~
- .,,

-~~ LU
— —~ L U (~~0 c~ .~~ ~~~ = (n_

= (.) — LU C~
LU j  Lf) ~~ LU LU LLJ

I— ~~~~ 
I .’  — ~~~ --i 

~~~

S 1 • S

3-6

-5-5’--— —5-—.’— -- _ _ _ _ _ _‘

~~~~~

-— - -~~~~~~~~~~~~~~~~~~~~~~~~~~ -5



-- -,-5.-”-,- 
~ ;~~~~~~~~~~~~~~~~~~~~~~~~ _ -—- _

~~
_

~~.~ v _55.__~~ 5. ~~~~~~~~~~ ,- 5- ” - -, --~--- - , -“ :5-’- ‘—5-5.--—-

I-
U)
0
0

H!. I
‘x~ >- ~~ ~~ F- 0~ ~~

a. ~~~ 0

Li.

0
~ . . ~ I—

0 
,_; c’~ ~~~

. L

H- ‘

1 <

L~~~ 

4 

.1- 7 

— ‘~~~~~——-~~~~~ — --5--’—— - — 5~~~~~~’- ”— ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



— 5 ., ,

(1)

-J

< 
V., -

-I -S

F--

O -S o == LU
— — LU

a.
>. — 

— —
C.’) — C-’) LUI_ 0.

• a.i.. (/) LUo __ Oh.

o u~ Co — ~~~

cJ) ~~~ 
0. II H II II II

LU I .’

O-~~~~~~~~

F- LU
C-’) — C-’) 0~ 

LU
LU _ LU — c.~ <

— C-” LU F-
F- LU LU
C-’) — C-~~ 0. 0.I— < LU LU __j LU

UI — — L~~~ (n

.

- 
~~~~~~~~~~~~~~

-5— - ~~~~~~~~~~~~ -— —  -5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-5——’ 5-—- - - -’-—- - -  ——‘ ~~~~~~~~~ 
.~~~~~~~~~~~~ _,u~~5._ _ ~~



_ _ _ _ _ _ _ _ _ _ _  - -5~~~~~~~~~- . 5 . - - 5 . ’- - - -5—  5. ’ , - - -—~~~~~~~~~--- 5- -

~~~~~~

I-
U)
0

ii ::
_ _  

\ \~~~\~
> -___

~~~
;- — --.-.— —

~~~~~~~~
;;

_ _  

J

3-9

_  

j



— —~~~~ —r-— -‘nnrr— ,,-, -_,~ ,----- ~~~~~~~~~~~~~~~~~~~~~~~~ -- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I-
;~QI c~ / ~~~~~~~~~~~U)
I / / i

U)
- I / I l

Ui
>

-~~~~~
I—

I—U)

8 -

~~~~~~

Lii

-J cD
11 —~~~~~

>.
0

Lu 1 I I ’ I



5.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- S

4

I..

~~~c%j
-
Il l ~ (f)

% -
~~~~ II 

____________
LI~~~~~~~~ v o

‘ C.)
U) 

\
~~~~3

> \

0
0 -

3-11

5—, -5,-— ~~
‘,-. , -“ -‘ —— —.---- ‘- .~~~~~~rn—5 -- - —-~~~~~ -~~~~‘- -~~~ -~~~~~~~~~~~~~~~~~~ -



-5.—-- -5
~~~~~~~~

•-55-
~r’5’- ~~~~ —-5— ‘- 5- 5-”~~~~~~~ ‘—5. —-.----..—,——- --—-.-— --‘------—-- —-5-—---— 

—-‘ — -~~--‘-‘

I- I-

I- 0 
~~~~~~~~~~\~~~~~~u1— --——— X--- --—— I

>. o V
o
Lii

-I

Li.

0
F-
_ _

3-12

-‘—- 5” - -— ‘ ‘- - -~~~~~~ 5— ~~ ‘
, -55~~~~~~~~~~ ~~ - ~~~~~~~~~~~~~~~~~ ‘



“- 5’- —‘~~-‘
5 :5—. —,

~~~~
---— - .__,5,5 :‘ -5.5. —~~-‘.‘ -~‘‘~~ ~~ —~~~~—-‘-- - -5- . 5—-

U)
I-
(I)
0
U

: 
~~~~~~~~~~~~ III I’.

>~~~ ~— >- LU 0.
— 0 ob 0.

~~ ~_ Li. — (n~~ =F- LU F- LU <(1) ,~~ 0 ;:;; t~; ~~~~~ 

0 
~~~~~~~~~~~~~~ LLJ LU,~ ~, :D 0 C-~~ 

Li. = <~~
) 

~“
I- ~~~~~~~~~~~U Li. 11

< 
~~~ >~

C..) 0 C-’) C.) F- —

F- W 
~LU 
~ , ~~~ C~)z Z c~~. —

~2 <

LI 
S . .  

—5-

3-1 3

—- —



‘~_~ _ .:5-55- ,75 ‘5. - ‘ r ’ ’ ~~~~~~~~~~~~~~~ “ ‘ 5 -~~~~~~
,5- ~• ‘ “ ‘ —

~~~
5-’- -5 5” ’ 5 -,s’ .’,s 55. “ —“5-” - .- -

U)
Li.
Li. LU

LU 2
>
0

F-Lu 0.
- C v-’ 0

U-

o F-
C-’)

W~~~~~~ ~~ —

F- U-

~~ F- * 
—

— ~~ ‘~ - ~~~~~~
F-

LU C~ 
(/) 0 - ~~ If ~ F--

I I LU 0~ ~~ 0
F- 0.

I— > LU - Lf\ C.) F- II
Q C ~ ~~~~~ F-< LI\ —

~~~ 
C” 

C-’) 
)< C..)

- <~~~I 
~~~~(_) LU ~~ >

~~ i.r~ C...) LU U..
Iii — 

_ 
— .

(1) LU 
~‘) ~~‘ 

, C-~— F -  0
~~~~~~~ UJ

0 0  V)~~~
I— = C..) < <  F-

S S S

3- 14

- - - - ‘5. - -.“- ----- ‘~~~~- -—-‘ - __5_____ ~~~____5.. , -—-_ ‘-- - -~~ — 5-—-- - - - -5  —5-- ‘-— -5.-- ’ -5—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .44



Ui

2
z
I

(1)
I I  F--

C-’)
LU

F - F -
o ,~~ 2
I I  ‘4J 0.W ZIi C-I) F- C..)

— F-- LU — _

Li. 
~~ 

z

— F-- 0.
tA #~ —
U, ~~~ — >.

I t  >. N.J C-f) ~~~
“ ‘I 

LI) ~~ — F- F- —
LU 

_ ~~~ U) U) — .

_ F- NJ — 0- - — ~~ C.) — ‘~~~~

U) LU

—

F-

o
4
U)
4

3-15 

-5- - 5 —  
~~~~~~~~~~~~~~~~~~~ ‘-5--—-- - --- -—- -—-- ----—-- ---



_ _ _  _ _ _ _  -- - - - . • - - -— ---5— .--5-—5--—5.— -5—-—--

- -

U)
Lii

4 ~~~~~~~~~ c)
U) < F-
~~ F- ~~0 ~~ 00. 0 0.

C,~) 
0. 0.

F- LU

4 — U)

>
C.) 

LU 0

0
CO

U. 5—

Ui
U)
4 L U I J

>V)  — 
~~ 0 ~~

~~~~~o~~~~L) 
‘V C.)

F

,1
S • .

3 -16 , 1
.5 .’  — 5.—- --  — ‘-5.——— ’—- — - ‘- -5.— ‘.—~~--—.-- - 5— -  .‘—,-— ---— - ---.— ——-.- — --5 _________



‘~~-55~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
”-5-5’ 5- -- - ’-- -‘

S
•
•S

Lii
o L
z U)

O C”

-
U. —

0 F--

U
z
— C.) 

~~—
V ~ 0

0 LU—

a. ~~~
F- - ‘0. — C.)

F-
0

F-
L

0 g~~~~~~ U
F- 

— <0
~~~ U) F-

3-17

L -  ~~~~~~~~~~~~~~~~~~~~ —



-- —5 --.— - ‘—-‘ -5

I

LU
CD

>
0
0.

CD >-
LU

C-” z
C-’) F-U)

F- F--
>. F- LU U) — U-

U) CD
0 ~~U) 0.

4 0 0 =
‘V ~~ 

C.) F- U) LU
- LU F-
_ 

U) LI) U) U) <
LU ~~~~ LU LU C.)L)~~~~~~Q C.) C..)

-
~-

~~ CD 0. CD CD F-
LU LU LU

— U)

U)

0
>- ~~I— <

CO

C.) C.)
F- C.) < 0
CD ~~ C.)

3 - 18

-5—— ‘-—-  -



-—5. ‘--‘-5. —-5- 
_

‘ ‘_

~~~~~~~~

T’- 

.-—‘ . “ - 5  -‘ -‘--5 —5.- — -----5-’.’ —:5 —’- -  

1

z
Ui 

~~~~~~~~~~~~~~~~~~~~~~~~
I

Lii 1~
’ 

/ 
~
l
I 

~

••••~ 
j r •;~~

) 

~
f 13 ‘6 ~ 

~ 
~ / I

I— I ~~ I 
1 34  

~ / /z / 134 1 / ~‘77
Ui /

~~~~~
,

•
i~ :I 

4
’6~~~~

’6
~~ 1/

C-,. / _
~~ /

• I I ,.-. 4:~~ #—,.
. 1 ’

H 

‘

Ui ~~~~~~~~~~~~~~~~~~~~

U 
_ _ _ _ _ _

3-19

5-.--- -5.-— ——5.--- —55.-- — —5---- — —-5 -5- 5.--



- 
‘ 5

~~~~~~ fl .,. ‘, . .-s-,. .~ -,,.,,s - - r ’ ’r .. ~~~~~ ‘ 5.’- ~5-P’~~ ’~5.’5--5 - -- - - - - - ‘5-  ‘_ ~_‘5’5-fl~
S
~ ~5-’55 5- -

I

4

Lii

cs-.

F-

F-
0 ~~~~~~~~~~~~~~~~~~4

0 U).. 
~~ 0 ~~ CD

F-
Z F- LU .~~ 

—

0 LU 
~~~~ 

C) -I
C.) ~~ 0. F- ~~ 

0.
CD 0 ~~ 0 ~~~~ U)

-~ ....J LU ~~ 0 ~~ 0 — -

U < �: ~~ 0. C.) 0. C.) ~~

S S S S S S S •

3-2 0 

—

______ ______ ‘~~~~~~~ ~~~~~~~~~~ ‘ ~~~~~~~ 5 5 5 - - - . , , ‘ ‘~~~~~- ‘Is ,- ~~~~~~~~~~~~~~~~~~



— -.‘a- -~~ - .- ~~~~~~~~~~~~~~~~~~~ ‘-.a-_S_  ‘-‘ 5’ ~—‘ - ‘ —‘ _ - “_ - --5—.-’-- - - - -

Ui

o >-

U)
z

0 & ~~

z

4
~~ 00 C~) ~~~ 2 ~LI.. LU ~~ - F- 0.

1~ ~~~~~ ~~~. ~~U Q 0 <~~~ LU

~~ >- CD~~~

I . S • S S

U

3-21 

-‘- 5 __ _‘. -~~~~ 5.:- ,- - ,-~~~-5 —~~~~~~~~~~ -- ‘-- ——- 5~~ - --



——- -—.‘,~‘-.— ‘ - ‘‘ - - - .
. - . ‘ .  5- ’~~~~~5-5- -‘ ‘ ‘ ‘ “ ‘ -“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-J

Li. F-
2

U) —

C.) LU U)
— CO LU
U- 0 

~~~ 
—

Li. ~~ U)
— C D  0. ~~ 2

0
>. 

~~~~~~~~~ F-~~~~~~~~2
F-

-j 0 2 LU 0 0 0 C-) U)
ILl C.) LU 

~~ C.) CO CO

2 0 ~- 2 ~ t]

J U) LU
~~~~~~~~~~~~

F- > .> < <2F- _  F- CD U) LU LUU) ~~ C.) 2 ~~ 0 0 -A LU I-
-& ~~~~~ = — < < = LU < I- CD CD CO F- (I)

C.) F- < — 2
(

~ F- F- ~~ I- F- U) — LU
0. CL 0 Z > 0 < < U) CD
U- U- ~~ 

Q 0 ~~ 0. = = 0 -J 2
0. C.) U) ~~ U) ~~ 0.

• S • S S S S • S

3-22

_ _ _— -- ‘~~~~~~~~~~~ 5~~~~~~~~~ 5 - ‘ ‘~~~ -5__5-__~~~~ _-5,,:
-55__-5_—

” ‘5—--- --5 - —-—--5--” ,



- ,, -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “~‘r~Or-” --r-s5--” .c’~, ~~~~~~~~~ -— ~~~~~~~~

THE
CONUS NAV

VOR / I LS RADIO

RIW Requirements and Prices

by

Mr. Earl I. Feder Dr. Richard A. Kowaiski
U.S. Army Electronics Command AR INC Research Corporation
CONUS NAV VOR/ILS Project Manager Annapolis , Maryland
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BIOGRAPHICAL SKETCHES

Mr. Earl I. Feder
US, Army Electronics Command
Avionics Laboratory
For Monmouth , New Jersey 07703

Mr. Feder received a BE E from Pratt Institute in 1950 and an MSEE from Rutgers in 1959. He is
the Project Manager for the Army CONUS NAV VOR/ILS Program. In addition, he has had the technical
responsibility for a number of airborne navigation systems, including the AN/ARN-103 TACAN and
AN/APN-171A Radar Altimeter. The CONUS NAV Project Office is located in the Navigation Technical
Area of the Avionics Laboratory, which has the overall prime objective of establishing and maintaining
a system and technology base to support the development of airborne and ground avionics systems and
the equipment required for Army air /airmobi lity operations.

Dr . Richard A Kowaiski
AR INC Research Corporation
2551 Riva Road
Annapolis , Maryland 21401

Dr. Kowaisk i is Manager of the System Acquisition Group in ARINC Research Corporation s
A i rcraft  and Vehicles Division . This group works with various Project Offices in develop ing, applying,
improving, and administering system acquisition tools and concepts — i.e., design-to-cost , life-cycle cost ,
and warrant y. lypical programs include the AN/ARN-1 18(V) TACAN, the F•16 Air Combat Fighter ,
the Cruise Missile , and the Army ’s V OR/ILS Radio and Lightweight Doppler Navigation System (LDNS).
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THE
CONUS

VOR/ILS RADIO

RIW Requirement s and Prices

The U.S. Army recently awarded the Avionics Division of Bendix Corporation a contract to build CONUS
NAV VOR/ ILS Radios. The equipment was procured in a two-step formally advertised competitive solicitation.
The RFP for this procurement contained Reliability Improvement Warranty (RIW ) Terms and Conditions
which required a successful bidder to assume responsibility for field reliability and repair of each unit for tour
years. This presentation outlines the RIW requirements for the solicitation , summarizes warranty source-
selection activity during the procurement , and presents the warranty bids submitted by the offerors during
Step 2.
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THE CONUS
NAV RADIOS

AR N-I 23

ILS Approach
and Landing

the CONUS NAV procurement will allow the Army to purchase up to 2300 AN/ARN~ 123 ( )V radio
ri~ce iviiig Sets arid up to 930 R- 1963 ( )/ARN Glideslope/Marker Beacon Receivers.

fht~ ARN 123 R,idiu Re ceivi ng Set will provide Army aircraft equipped with appropriate instrumentation
V~ry High Frequency Omnirange (VOR) bearing, Localizer ( LOC), Glideslope (GS), and Marker Beacon (MB)
position information for en route and terminal navigation and Instrument Landing System (ILS) approach
a--d lai~d~nq

Tht R-1963 will prov ide glideslope and marker beacon information during ILS approach and landing,
A complete VOR / ILS system is established when this unit interfaces with an updated AN/ARN-82 VOR/ILS
Receiver ,

3-2 6
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A number of fe atures of this procurement give it considerable visibility at the Army Materiel Comrn.j nd
IAMC ) , Departri~erit of the Army IDA) , and the Department of Defense (DoD). For example:

• Production del iv e r ies will be spread over three calendar years if all options for the equipmen t are
exercised.

• High-g ranle , comme C a l , of f ’ rhe-s helf receivers are utilized for this nontactical application .
• Each receiver is cover ed by a four year reliability improvement warranty.

• A guar~inteed uper~it ional MTBF is specified. Should the measured MTBF fall below the specified
v ,i l un . th.’ - t r ac t o r  is ie( iu’ rt ’d to perform additional Group C testing on all newl y manufacture d
units ,~ no ., ‘ ~‘ u i  r n  ii cost to the Government ,

• T h ,  r)nocurenre nt is hi - service because the Coast Guard has sent to the Army a Military Inter-
depert r i iu’ t., : Procurement Requisition (MIPR) for 275 of the ARN-123s .

3-27
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PROCUREMENT SCHEDULE

CY 73 CY 74 CY 75
04 01 02 03 04 01 02

ROC Approved £  
- -

Step 1 Solicitation Issued £ 
- ‘  —— -

Step 1 Closing Date
Technical Evaluation 

_____ ____ _____

Step 2 lnvitations to Bid a 
- -

Step 2 Bids Opened - J  —

Contract Award 
_____ — J _____ _____ _____ _____ _____

The Required Operational Capability (R OC) for this procurement was approved by the Department of
the Ar my in November 1973. The Step 1 solicitation was issued in March 1974 , wi th a closing da te in Apri l ,
Tlr~ solicitation icquired that each ofteror submit a technical proposal and two VOR/ ILS radio receivers
i ( p i  i’cr ’iii,itive of his culle ilt production activity. After Step 1 evaluation, four offerors were determined to
he tt’ ’ lriiicall y acceptable they we te invited, in February 1975 , to submi t a price for the second step. Step 2
bids writ’ opened o.r 27 March 1975; and on 7 May 1975, the low bidder, Bendix Corporation, was awarded
the co ir t i act ,

I
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Each radio dt ’ !ivc ”d under thi s contract is covered by a Reliability Improvement Warranty (RIW), and

the ni yr sever il slides j1dn ir~s the major features of this warranty.

The warr an ty  St d i  Is upon Government acceptance of a radio and extends for a period of 48 months from
the e’~d of the ca lendar ,nunte ’r in which the radio was accepted,

Shipping Inwt ’nti, ’y Con ro/ . Ts~u way sh ipp ing expenses are borne by the Government. Inventory
contro l at th~ i,uI tr ,iC r ’

~ c m l  is handled through Form 00 - 1149.

Govern.’i ’ m ’nr  UhI-qa r i o ir s .  To the extent possible , the government is required to test all suspected fai lu res
pr io r  to retur n ~~~ or- ’ it r ,i ctor , t o furnish failure circumstance data , and to utilize approved shipping
contai ners ,
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-
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~~~~~~~~~~~~ ~~
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The contractor is responsible to repair or replace each unit whose failure is not caused by fire , explosion,
yut i rn ’  is no a i rc rj f t  rrj sh i:nemy action , natural disaster , or accidental or wilful mistreatment. It is the
(‘r) i  ~i ,1(-ft m r ’ s i mrspui r~~b m l ! u ~ to pre sent clear and convincing evidence to substant iate any claim for release

~~~~ ~,j’ - ,uii~y Ii , l t ) mlu ty ‘Th e contractor is not liable for special or consequential damages. A separate Contract
w il l  tie w r i t t en  w rh re cu iltraCtor to cover the cost of repairs for excluded returns.

No Tr~~ bIe Found ( ‘V ~F). The contractor is reimbursed $100.00 for each good receiver returned in
- . s,  css of 30 of all returns in a reporting period. This 30% figure represents an estimate of the average
i iu,arn her of no-t roub le fou nd returns fo r this type of avionics.

3-30
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ECPs

B&ore Alte,

The contractor is encouraged to submit ECPs for reliability/maintainability improvement at no change in
ont ract price- . ~-.1lL S1’D 480 pr ocessing procedures apply. Such ECPs, when approved , must be incorporated
ii ,ill new product ion units arid in prior production units returned for warranty services.

u, i ‘il ion s clv ‘nut limit the contractor ’s pr ivilege of submitting cost ECP~.
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:~ rt ’ I )aI r ,-’ r . ’~ ’ i r e  concept wi l l  be util ized for the CONUS NAV radios , Once they reach his repair
‘ .1 . -~~~ ‘, ~~ u ’O r r t r , ~ t n  i re ’ complete all warranty repairs , install outstanding ECP s , and ship the unit to a
u i e s iy r . i t i ~d Gove ’nrm m urnt f. l i t y  within 20 calendar days . For each unit not shipped within 20 days , the
C O i i t ’  ton is ass ”~ -; u.-ci I ( lumi ( lJtCd damages of $10.00 per day for each day over 20.
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G IJARANI ’EEI )

Interval MTBF [hours]
I months aft er initial

Period 0 production d.Iiveryj AN/ARN-123 [ ]V R-1963/ARN
1 1-12 500 1000 

-

2 13-24 600 1200
3 25-48 

— 
700 1400 

-

Excluding the contr o l unit

This table shows guaranteed MTBF values specified for the V OR/ILS receivers , The MTBF guarantee is
not part of the A IW but has been incorporated into the program as an added incentive for the contractor to
meet reliability requirements . Operational MTBF estimates are to be made annuall y by using prescribed
procedures.

In the event measured operational MT BF is less than the guaranteed MTBF , the contractor shall furnish,
at no additional cost~

• Engineering analysis to determine the cause of the low MTBF

• Corrective engineering design changes to be implemented through no-change-in-price ECPs

• Additional Group C testing applicable to the receiver type for subsequent production units

________  ____ _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DATA 
-

• MTBF Data Report (Annual ]
• Warrant y Effectiven ess Report lAnnua l)
• Warrant y Data Report (Quarter ly)

The contractor will provide warranty data in order to accomplish the following:

• Assess the effectiveness of the warranty provisions

• Calculate the contract price adjustments

• Perform re ability, maintainability, and logistics analyses

The MTBF data report will be used to estimate the operational MTBF of the radios,

The Warranty Effectiveness Report will  contain the contractor ’s experiences and conclusions regarding
effectiveness of the warranty concept for this contract .

The Warranty Data Report will describe warranty activity and will include detailed listings of warranty
repair actions.

3 - 34 —

5—’- -- - -5’.-—- —-— .--- .- . — , ---— ‘-.5-——-, ‘-5’-. —.-‘--.———, - —,—-,~~~,‘--. .5—---- —~~~~ --—-5- ,-,—-— ---.-— ‘. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iiitilIti.lIIlIlIlttiiilIil (nn.eltllllLJLil4



— — - ‘~~~ 
- 

~~5-” “ “  _____-.---,. ,,, -,.,
~
——-

~~~~~~~~~ -- ‘_ ‘

STEP ONE ACTIVITY

• Review proposals
• Request clarification
• Project office review of warranty
• Revise warranty
• Request & evaluate Impact Statement s
• Evaluate acceptab ility of warranty respo nse

The Step I solicitations were sent to 27 companies in March 1974. Six offerors submitted technical
pioposals and sample hardware in April . Warranty was a proposal-evaluation area. Each offeror ’s interpretation

s me requirements and the consistency and credibility of his response were evaluated. The Project Office
requested clarification of various warranty factors from the offerors.

In June 1974 , the Project Office held meetings to review the warranty provisions, A number of
recommended changes in wording and scope of the warrant y provisions were discussed, and several changes
,v .-rm ’ adopted.

Major changes included ECP processing, turnaround time , and the addition of the MTB F guarantee.
,r modifications we’re’ made in several other areas. A revised set of provisions was sent to the offerors

Jul y. wit h a request for an impact statement , After review of the replies, it was determined that each
submittal was acceptable in the warranty area. 
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PRICES

—- —

~~~~ 4 YR 
—____

I 
Acqu isit ion ES) Warranty ES)

~~~~ ‘ ‘~~~‘~~~~ “_ Warranty
Data

________ 
ARN-123 R-1963 ARN.123 R-1963 [5)

Bendix 1377 , 680 148 61 9800 

-‘ - - - - .~~~~—- - - - - 
[2 .5%/YR] [2.3%/YRj

Corp. X 2560 1275 598 265 11570
[5.7%/YR) , [5.2%/YR) 

-

Corp. V 4030 
- 1750 462 232 66762

(2.9%/YR) [3..3%/YRJ 
—

Corp. Z JNO BID 
,~~J__

1 h i s  t,ilili- SUi f l i i td i  I ‘s tIre R 1W relat ed priCe- S subini !‘~i during Step 2. The fir ~t two col unni is coil

u u i i t ii qu ‘ . i t i u i i l  ~ i ( ‘05 f i r  tl1 ~ ARN 123 and the R 1963 , .,‘~,;)n t is ’ ’f y The next two cui~~ir ri 5 Co nta in liii

~~~~ ~ 
i e m  ~s ii ‘ ‘ - ~ 1 ) - N f .  . j u ,h jc l e  The hrack -:tnd f qures  are the w~ ’ n , nu1y cos t ’  ~ln’~ ’.. .1 i

i n  ‘ i t  II ’ ~~‘ .nm , ‘ ,i’ (~~
- i - ., t i~~ii cos n’~. T he’ last co iurnn c ‘e ’j  i ,s t~~’ price ~t t~iun~ ( ‘ i n tnd  t ‘ ) ut~ Rei~~

‘ri ot S L .!s ICUdL) ‘ i - - r i ~~ whic h ,,‘ ‘~ ‘ ‘ .umrc d t-.~ ~u $ j _ ’ t ’r~ -‘.ir r a n t y  .uu tusu t y .
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All th.jt 11d5 heen d~~r i~s.~d in this presentation is only prologue to the true test fur the Army of RIW for
the ~ OR ‘ILS e~~i:~~mn’~r m t  that is , how well does it work — for the user , for the item manager , for the contrac tor
Curr en t  ~m.h m ’ i f u l ’ ’ s  r~~ln .j t i’  that ‘ n i i t i , l production units will be delivered in May 1976. This concept will hi. new
to th~ ,O ’ t i ’jm t i i j s i’,unq .in i h- mott l ing the \/OR/ lLS equipment. The prolect office realize ’s that extra manag-’ment
S k i lh ~ and (“~ OU~ C ’ )  w I l  f.m mm. cessa ry to provide the proper environment for testing this concept. The proje ct
n”ic~ ha s  also t i sk . ’iJ t h~ ECOM Systems Anal ysis Off ic e to provide a study plan for anal yz ing the c ’f tect i~~ness
of ~~ Rl~ . f or i~~ ’ CONUS NAV radios,
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INERTIAL GYRO LIFE CYCLE COSTS

ANALYSIS AND MANAGEMENT

I,

by

Peter J. Palmer

Charles Stark Draper Laboratory
Cambridge, Massachusetts
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V U - G R A P H  ~I - NAVCON .

GOOD MORNING C NTLEMEN. - I AM TOM MCGUIRE, A COST

ANA LYST FROM THE ARMY’S PROJECT MANAGER FOR NAVIGATION AND CONTROL.

I APP’~ECLATE THIS OPPCR11JNITY TO DISCUSS LIFE C~ CLE COST WiTH YOU. MY

PA PER TODAY WILL DEAL WITH CUR UTILIZATION OF LIFE CYC1..E COSTING AND

MOST IMPORTANT - HOW WE ARE USING THIS TECHNIQUE WITH OUR CONTRACTORS

TO REDUCE T HE COST CF OUR NAVIGATION EQUIPMENT.

WE BELIE\’ E THE ADDITION OF LIFE CYCLE COSTING TO THE DESIGN

10 COST P~OC-RA~.% WIL L HAV E A VERY POSIT ~~IE EFFECT ON OUR EFFOF~TS TO G ET

E ETTE R EQUIEMENT AT A LOWER COST — A TRUE COST EFFECTIVE APPROAC H TO

SAT ISFYING THE ARMY REQUIREMENT FOR AFFO RDABLE NAVIGATION EQUIFMENT .

MY TALK TODAY WILL DEA L WITH LIFE CYCLE COSTING , A ID c:~
JL~E-2-~,~ FCR co~:::J.o:~ p.s TO £0 COO T OF c~~:E:~s~~ p STUDIES. I ALSO HAVE

COPIES OF CUR LIFE CYCLE COST WORK STATEMENTS AND D(AM~LES OF THE GE!.’LM

F OR YOUR E~EVIEW .
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V U - G R A P H  •2

I HAV E LiSTED OUR ~AS 1C Td~UST AND 1T ~~FtCT ON LIFE CYCLE

COST — NO DOUBT YOU ARE FAMtL!/ ~ . \~~iH ~UCH A C~RT) U~- . MOST IMPOR TAN~ —

WE ARE T R’~ I~~G TO INCC~~PORAT E LIFE CYCLE COST IH[O QU~ ENG INEE~~:~C

DEV ELOF~~ENT EFFC~1, TO ALLO~ / COST A~- 4D L ~.E IG~-~ TO M UX SQ WE HA-/F .~~

\ ‘c :A~L: S~T~~I :~~‘ c-~r -~ Ar F C  n~.

f - I - ST — ‘,, E ,-A - .~ T r T I ~~-: O~ . - ~N.i .~lZE Lt ~~ CYCLE CC I~~. ISA ~’ Mft- I !-~~i~L

~LC~~~SE .~‘.‘E F IX ~~) C~~1T:~~I ’~ E : t  C ~
‘ - H~~ H C~5~T SA V E  ~GS ARE NOT ‘1’~’C~ T H

A~:HL . J~~ - T- . F~~-T LX/. ’.1~ LE , ‘;~ V~ ’.-~ i GCO N T : ;~F ~o RErA I A~
- -~D ~ -.t- -~

T I . ’E T’ .’ E E ~~ F~~ L (~ ~
CO ‘~OU~- S ) F - -U~. E ’ . E ~E-T ) lJ I~,E S~TT i~~S T~- --~~ t -R

r[LR~ LE ~Y - D ~~ A IJ-FL . ;:. ~~T~ON, \ ~A E  M~~- i . U M  S1 ~~~~

L ~~~~~~~ LS TC [~~CE ~~.
‘ :~-~- L~F’.~ N ~~~~~~~~~~ ~

- -~!T-~ ~ F .  ~ ; ~ :F~~~~- L CE L!;- F
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[F ~1U.’E~ :E SS - LD SL~F FE~ - ,
~~ ~D P A C ~N(~ ~~~~ E .A W E  ON ThE 1//c 0-INAL

UT~L~T~’ GE A . A I L- L ITY IF ‘.‘E FY SL:3 ECT r.’E- .

V/F STILL LF ;-V E C~~E CO~- -~T F ~~ - CR5 ~~OU~~H ROO’ .~ TO DO COST

Ef - FL CT F. ’~~~:~~ ~- :~ —‘~ r r  ~~
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) C~~~UL~ Y f ~~~~~~ JFE ~ ~CL~ ~~~~ C.. IN-~ ~~~~~~~~~~~
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PROCURABLE/SUPPCRTABLE, BECAUSE WE USE STAN DARD PARTS . AGAIN , I ’L L

- - SHOW AN EXAMPLE OF COST REDUCTION FROM THE NON-STANDARD PARTS

PROBLEM.

:3 - ~~

_ _ _ _  - - — —-~~~~~~--- - - -



•1’~~~~ 
-- - --— •-‘-- —-- - --

~~
-

~~~~~~~~~~~ 
-r - -~~~~~-.~~~~ -~--~ 

—.- 
__

~~,- ‘~
-.—.—--——‘--- -

~~~~~~~~~~
--

~~
—--

~~~

-,.--

~ 

-,-..- -- — .— ---- —.-- -

~~

-.

-
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =-~~-~~~~‘r ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 
•

- C

a—
z
LU

-J
LU

I >I- Lii

C.,
U i  z
LU
-J

LL

>- .-
,, 0

O
I- -J 

~~~~ ~~~ 
(ñ

~ u b 0 Z 0 -

=1 0 LU
I- ’ — Z ~ ~ Z U

—.1 ~ V~ r~ U• u.J >- ~~~1

LU
v 1  — 

-~~ LU LU I—
<I 

I-

Z Li 

~ a 0— LU 
~- LU LU ~~~-
V~ c~ ~~

8
. S S S

— C-,. C’) •
~~~ 

It) —

0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~1

:3 - I 1)

S —

L - _ _ _



- - ~~~~~~~~~~~~~ 
- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -~~‘r-- - -.~~~~~-~~~~~ —rr--- -

- V U - G R A p H  - 3

GIVEN THE THRUST OF WHAT THE ARMY WANTS TO DO - THE
QUESTION BECOMES ONE OF DEFINING THE KEY VAR IABLES IN THE LIFE CYCLE

COST EQUATION - AND HERE I DISPLA Y A FEW.

a. FIRST , WE BEUEV E THE UNIT PRODUCTION COST WILL CONT R IB UTE

A MINIMUM OF 50% - 60% OF OUR LIFE CYCLE COST FOR HIGH RELIA B LE SYSTEMS .

THAT % SOUNDS VERY HIGH WHEN COMPARED TO THE OLDER LOW MTBF EQUIPMENT -
BUT T HAT’S WHAT OUR COST ANALYSIS IS SHOWING. THEREFORE — THE UNIT

PRODUCTION COST SHOULD BE T IGHT ENOUGH TO CHALLENGE OUR CONTRACICTS .

EVERY DOLLAR SA\’ED ON THE HARDWARE COST IS RETURNED DURING THE

OPERATING YEARS AS A RESULT OF LOWER COST A~:L S J ~~L~ Q~J.~~TITy SPARE

PARTS F LOAT . R[LIA~ ILITY IS AFFECTE D FY THE TWIN MEAN TIMES — BE1\~ EEN

FAILURE AND TO REPAIR. O3VIOUSLY MTBF MEANS FAILURES, AND MT~R IMPACTS

ON TIME TO REPAIR . AGAIN — THESE VAWES APPROACH SOME ASYM POTICAL

VALUE BEYOND WHIC H COST SAVINGS ARE NOT COST EFFECTiVE.

NON-STANDARD PARTS COST ARE INCLUDED IN MOST UFE CYCLE •

COST EQUATIONS AND THE ARMY ELECTRONICS COWMAND IS NO DIFFERENT .

IF THE COST TO ENTER N E\’I ITEMS INT O THE INVENTORY ARE VARIA BLE COSTS -

AND WE ASSUt~ E THEY ARE - REDUCING NON-STANDARD PARTS SAVES MONEY.

I HA’ .’E INCLuDED ~OT E1 TH E COST AND QUANTITY OF TEST EQUIP-

M ENT , OUR [X~~~ IENCE ON A RECENT FR OG-RAM INDICATED THAT TEST

3— i f i l
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EQUIPMENT OR AGE CAN BE LESS EXPENSIVE , PJRCHASED IN SMALLER 
•

QUANTITIESJAND STILL SATISFY OUR MAINTENANCE REQUIREMENTS. 
•

OUR LAST COST DRIVE IS THE ARMY MAINTENANCE POLICY. NOW

CONTRACTORS DO NOT DET ERMINE THIS POLICY - BUT THEY CAN MAKE A

RECOMMENDATION. THEY RECOMMEND WHER E THE EQUiPMENT IS REPAIRED

IAT W HAT LEVEL) AND WHAT TYPE TEST EQUIPMENT IS REQUIRED TO COMPLETE

THIS REPAIR. (SU PPORT LEVEL IS AN INPJT OF THE GEMM)

-
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V U - G R A P H  ~4

TO HELP OUR CONTRA CTORS DO ALL THIS GOOD ANALYSIS - WE

PROVIDE A GENERALIZED ELECTRONICS MAINTENANCE MODEL (GUAM). THIS

IS BASICALLY A TECHNIQUE TO RECOMMEND AN ARMY SUPPORT METHOD. WE

ADD BOTH THE INVESTMENT AND RD - PLUS A FEW EXTRA FACTORS TO ARRIV E

AT A VE RY RIGOROUS AND FAST LIFE CYC LE COST MODEL. THIS MODEL ALSO

PROVIDES MEASURES OF EFFECTIVENESS FOR EVALUATING EACH COST TRADE-OFF .

THE ATTACHED LIST PR OV IDES A COMPENDIUM OF GOVERNMENT SUPPLIED INF~JT

DATA . 
-

MILITARY PAY ?J~2~cs J. :D T: T:a~;o CFSTS AR~ SL?FLI~~ ~Y PAY

GRADE /-~ND MILITARY OCCU PAT1ONAL SPECIALTY (MOS). WE ALSO PROVIDE

INFLATION RATES - DISCOUNT FATES AND OTHER LOGISTICS FACTORS .

3-10-1
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CONTRACT OR DATA INCWDES VERY DETAILED RELIABILITY AND

MAINTAINABILITY DATA DOWN TO THE MODULE AND PIEC E PART LEVEL.

THIS INFORMATION - PLUS MODULE COST AND TEST EQUIPMENT

REQUIREMENTS - ARE COMBiNED WITH THE GO/ERNMENT DATA TO GENERATE

A GEMM RUN. PLEASE NOTE THE LIFE CYC~~ COST D S .PLAYED) A FICTITIOU S -

BUT TYPICAL - PRINTOUT. ALSO - NOTE THE EFFECTIVENESS FACTORS AS

DISPLAYED BELOW .

.1~~~
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VU-GRAPH ~6

A SERIES OF SF~ SITI~ITY ~U 1S  A P-F ILL~sTR~’~~ c~: Tp~~ CHART. ~~ : - r - ~
CASE, WE HAVE MADE CHANGES IN THE STOCKAG E CONFIDENCE LEVEL - I.E.

W I-tAT IS THE PROBABILIT Y THAT A REPAIR PART IS AVAILABLE WHEN REQUIRED?

STOCKAGE CONFIDENCE FIRST IMPACTS ON MEAN DOW N TIME -THE HIGHER THE

STOC KA GE ~ 
— THE LO’,~f E R  THE !.~ iAN DCY~~N TIf.~E . ~x: -

~~~~~~~~
-

~~ 
—

~~~~~ ~~~~~~~~~~~~~~ 
,
~~~

.

LIFE CYCLE COST AND AVAILABI L IT ’T’. AGA IN , THE MC? E SPA~E ~~~~ T~~E FU C:~~E~

THE LCC — LOWER MDT — ~IGHER A iA~~~.~ iT ’i t,H~ HE~~CE~ HGH COST

EFFECT I/ [ NES S . — 
- -
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VU-GRAPH # 7

I AM SURE YOU ALL UNDERSTAND THAT SUPPORT COST WHICH

CONTRIBUTES HALF OUR LIFE CYCLE COST IS THE MOST DIFFICULT AREA TO MEASURE

AND EVALUATE. THE LIST I DISPLAY INCWDES:

TEST EQUIPMENT - HOW MUCH - HOW COMPLEX? 
-

S PARE PARTS A FUNCTION OF MTBF AND MEAN DOWN TIME.

PERSONNEL: COST FOR MAINTENANCE PEOPLE ARE TRUNCATED -

THAT IS , IF YOU NEED A FRACTION OF A MAN AT

ANY LOCATION , THE COMPJTER ROUNDS UP TO THE

NEXT WHOLE NUMBER.

TRANSPORTATION
COST: A FUNCTION OF MT~F, SPARE LEVEL, DISTANCE

BETWEEN MAINTENANCE CITES , ARM Y MAINT ENANC E

POLICY AND TRANSPORTATiON TIME.

INVENTORY INCLUDES THE COST TO HOLD AND MAINTAIN S PARE
COST:

PARTS.

PJBLICATION: THIS ITEM INCLUDES ALL DATA , DRAWINGS , MANUAL$,

TEST REPORTS , QUALITY CONTROL ANALYSES , ETC .

WE HAV E A PROBLEM IN CLOSING THE LOOP ON SUPPORT COST ESTIMATES

BE CAL ) SE MOST OF THE ITEMS ARE NEVER REPORTED BACK - THEREFORE — WE HAVE 
-

AN EST~~ ATE THAT IS NEVER REALLY CROSS-CHECKED. IN ADDITION — W E  MAY

3 -110 
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GET INTO TIl E FIXED COST VS. VARIABLE COST PROBLEM FOR MAINTENANCE . FOR
EXAMPLE - WHAT IS THE COST OF AN OPERATION UNIT IF WE HAVE 1000 HOURS OF

FLYING TIME PER MONTH? - WHAT IS THE COST FOR tO HOURS PER MONTH? IN

THE LONG RUN, THE PRICE WOU LD CHANGE - IN THE SHORT RUN, THE COST

OF EACH FLYING HOUR WOULD GO UP.

-a’

3-111
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V U - G R A P H  ~8 
-

I WANT TO GO OVER ONE FACET OF THE SUPPORT COST EQUATION.

WE CALL THIS ITEM INVENTORY COST . FIRST — WE CHARGE A PENALTY FOR THE

INTRODUCTION OF NEW ITEMS INTO THE INVENTORY - THE VAR IABLE COST FOR

THE ARMY TO SUPPCRT THIS IEW NON-STANDARD PART . I~ WE.ASSUME THE UN$~ AN

INERTIAL NAVIGATOR WILL COST OVER Z24 ,999 - IT WILL COST S680 TO ACQUIRE

A FEDERA L STOC K NUMBER FOR EACH NON-STANDARD PART IN THE ITEM . IN

ADDITION, A RECURRING COST FOR EACH YEAR IN THE INVENTORY IS ADDED FOR THE

TEN YEA R LIFE .

-

.

3-113 
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V U - G R A p H  #9

FOR EXAMPLE — GIVEN THE ITEM HAS IOO NON-STANDARD °ARTS .

WE MUST ACQUIRE SPE CIFICATION CONTROL DRAWINGS, ESTAB LISH SECOND SC~ F~CL~
AND ASSIGN THE FSN. OBVIOUSLY , REPR OCUREMENT AND SUPPORT OF FI ELDED

HARDWARE IS IMPORTANT IN THIS COST . FR~~’i OUR EXAMPLE .- THE TOTAL COST

TO ADD THE tOO ITEMS IS NEARLY S2500 A PART) OVER THE 10 YEAR LIFE CYCLE .

IN THE CASE OF A $25 ,000 EQUIPMENT - REDUCING NON-STANDARD PARTS BY

I0~ WILL PAY FOR 10 ADDITIONAL SETS.

3 -114 
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VU - G R A P H  ~I O

A SECOND ~~~~~ I~ V~LVED WITH ~~‘tL~.T~~~ D0LIAP~ IS ThE CO$~T TO

HOLD - OR 33% PER YEAR . WE ASSUME THAT INFLATION/INVESTMENT OPPORTUNIT IES

AT THE RATE OF 10% ARE LOST EACH YEAR WE ‘T IE UP” OUR MONEY IN STOCKS/PARTS

TO SUPPORT HARDWARE . WE ALSO ASSUME THAT 20% OF T1~E PIECE PARTS WILL

NEVER SE USED BECAUSE THEY BECOME OBSOLETE DUE TO ENGINEERING CHANGES ,

NE\\’ TECHNOLOGY , ETC . OTHER COSTS - INCLUDING PILFERAGE , STOC KAGE,

AND DAMAGES - CAN ADD 3% TO THE LIFE CYCLE COST .

TH EREFORE — IMPROVFJ.~ENT IN RELIABILITY — THAT ELUS IVE CONCEPT

WE ARE SEEKING DURING DEVELOPMENT — IS REWAR DED IN LOWER LIFE CYC LE

COST AN~) HOPEFULLY, P&AY BE A KEY DISCRIMINAT OR IN AWA RDING PRODUCTION

CONTRACTS- - a.r’.IS i~ ~~~~ Iz•~~ :-c)~1;~ r.
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DURING THE DEVELOPMENT PORTION OF A CONTRACT , WE EXPECT

CONTRACTORS TO DO THE TRADING-OFF AND SENSITIVITY ANA LYSIS ON CUR

HARDWARE AND CONSIDER THE IMPACT ON EAC H ITEM BELOW .

WHEN A CHANGE IS MADE TO THE BASIC LINE REPLACEABLE UNIT

DURING DEVELO PMENT, THE RIPPLE IS FELT IN EAC H AREA I HAV E LISTED. THE

CHANGE MAY BE LARGE OR SMALL - BUT REGARDLESS , THE USE OF THE GEMM

GIVES THE CONTRACTOR A ON—TIME UPDATE.
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V U - G R AP H ‘12

THIS CO ST EFFECTIVENESS/SENSITIV ITy CHART DEPICT S THE BASIC

CONCEPT OF INCREASING EFFECTIVENESS OV ER A SIGNIFICANT RANGE WITH

VERY SMALL INC REASES IN TOTA L COST . THE KEY FACTORS ARE SUPPORT!

MAINTENANCE DATA . FOR EXAMPLE - CHANGES IN PRODUCTION OR NON-

RECURRING COST WOULD MOST LIKELY CHANGE THE TOTAL LIFE CYCLE COST .

HOWEVER - CHA~~GES IN ANY SUPPORT COST W ILL IMPACT ON BOTH COST AND

EFFECTIVENSS . THE ONE KEY IN THE EFFECTIVENESS RATIO IS OPERATIONAL

AVA ILABILITY.

OPERAT IONAL AVAILABILITY IS , IN TURN, A OUTPUT OF MEAN DOWN

TIME — WH ICH INCLUDES:

A . PROBABILITY OF EQUIPMENT, COM PONENT, MODU LE OR SPARE

PART IS AVAILABLE .

B. MEAN CHECKOUT/REPAIR TIME FOR HARDWARE , EQUIPMENT, LRU ,

MODULE.

C. TRANSPORTATION FOR ANY OR ALL THE ABOV E - TO AND FROM

R EPAIR.

D. WAITING T 1’ .~E FOR ALL ACTIONS ABOVE ~PLUS RE~~JISIT1c~; ~~~~ i-~ - H

PART S.

SIGNIFICANT PORTION S OF THIS MEAN DOWN TIME ARE GOI’ E~ NMEN~
INPJTS AS I DISCUSSED BEFOR E — OTHERS ARE CONTRACTOR SELECTION FOR THE

3-120
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OPERATIONAL AVAILABILITY TAKES THE SAME GENERA L FORM AS THE

EFFECTIVENESS PATIO. LET ME ADD THAT WE DETERMINE THE ABSOLUTE MINIMUM

WE WiLL ACCEPT FOR AVAILABILITY — IN MOST CASES \‘.‘E LOOK FOR A 95%
.4

AVAILABILITY. AS ILLUSTRATED ON THE PREVIOUS CHART - MThF AND MEAN DOW N

TIME ARE THE KEY COST DRIVERS AND THEREFORE OF CRITICAL INTEREST FOR COST

EFFECTIVE CHANGES.
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SU PPORT COST - THIS CHART - WHICH I HAVE REPRODUCED FROM THE

DEFEN SE MANAGEMENT JOURNAL - ILLUSTRATES A PHENOMENON WE HAV E

OBSERVED WITH THE GEMM MODEL - THAT IS , AS EXT RA - OR MARGINAL -
.4

CHANGES ARE ADDED TO ANY ONE FACTOR - IN THIS CASE, MEAN TIM E BEJWEEN

MAINTENANCE ACTIONS - THE NUMBER OF MAINTENANCE ACTIONS RED JCES A~D

THE LIFE CYCLE COST REDUCES - BUT AT AN EVER DECREASING RATE. YOU MAY

RECOGNIZ E THIS CURVE AS A BASIC ECONOMIC THEOREM THE LAW OF

DIMINISHING RETURNS - OR MORE PRECISE - DEMINISHING MARGINAL PHYSICAL

PRODUCT.

TIME BETW EEN ?~AINTENANCE ICC COST SA’IED (MPP)

100 $6C~~ $ -45 14
400 15M

600 laM $ ~~~M

800 8M $ - 2 14

WE CAN EX PLAIN SOME OF THESE FACTORS . ONE CANNOT HAVE LESS

THAN I MAiNTENANC E MAN - NOR 1/2 A PRICE OF TEST EQUiPMENT . AS MT3 F

GOES UP, CAPITA L ASSET S WOU LD BE USED LESS — THEREFORE , VARIOU S FACTORS

ARE BEING USED LESS EFFECTIVELY .

ONE FcC3LEM THAT BOTHERS ME IS - ARE THE FUNDEMENTAL EQUATIONS

CORRECT , OR WERE THEY GENERATED AT A TIME WI EN MOST AVIONICS SYSTEM

3 - 125
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HAD RELATIV ELY LOW MTBF . THEREFOR E — RELIABILITY DATA FOR MTBF IN EXCESS

OF 1000 HOURS WAS ASSUMED TO BE AT INFINITY. - -
-

.4
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MY LAST TWO CHARTS SHOULD DISPLAY WHA T THE ARMY EX PECTS TO

GET FROM LIFE CYC LE COSTING. FIRST - THE DEVELOPMENT CONTRACTOR HAS THE
BEST DATA TO EVALUATE RISK AND UNCERTAINTY FOR HIS HARDWARE . HE HAS

THE MOST SUPERIOR COST DATA BASE AND CAN ADDRESS THIS ISSUE. WE ALSO —

ARE SEEKING THE COST QUANTITY RELATIONSHIP DATA FOR VARIOUS PRODUCT s

SIZES - WHAT IS THE ECONOMICAL PRODUCTION LOT? WHERE IS THE BREA K EVEN

POINT FOR AUTOMATIC TOOL AND TEST EQUIPMENT? WHAT ARE THE REQUIREMENTS

IN TERM S OF DESIGN AND MATERIAL TO SATISFY THE GOVERNMENT’S GOALS?

— BE THEY PRICE , RELIABILITY OR PERFORMANCE .
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VU-GRAPH ‘16 -

IN CONCLUSION, WHEN THE CONTRACTOR HAS COMPLETED THE

LIFE CYCLE COST ANALYSIS , HE HAS THE DATA TO GENERATE THIS TIME PHASED

CHART . IT SHOULD BE COMPLETED IN CONSTANT DOLLARS/OR iNFLATED DOLLARS
.4

TO PROVIDE A SNAPSHOT OF WHERE THE ITEM IS . MOST OF YOU UNDERSTAND

THE GOVERNMENT HAS COMPLETED THIS TASK - EVEN BEFORE THE RD CONTRA CT

IS SIGNED - THEREFORE — WE HAV E SOME CHECK ON THE BELIEVEABILITY OF

CONTRACTOR DATA . IN ADDITION, WE ARE DEVELOPING A BETTER DATA BASE

BUT MOST IMPORTANT — WE BELI EV E THE USE OF THE LIFE CYCLE COSTING V/ILL

REDUCE THE T OTA L COST FOR OUR EQUIPMENTS AND IMPROVE THE RELIABILITY.

WE T I-lINK THE USE OF THIS TOOL WILL ALLOW CONTRA CT ORS TO DEVELO P

EQUIPMENT WITH FAR MORE KNOW LEDGE AND INSIGHT.

BERNARD DeV OTA ONCE SAID: BETV -r
~ N THE AMATEUR AND THE

PROFESSIONAL THERE IS A DIFFERENCE NOT ONLY IN DEGREE - BUT IN KIND.

WE - NAVCON - AND OUR CONTRACTORS, ARE GOiNG TO BE PROFESSIONA LS.

~
) 1~ 1
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The develo pment , production and flelding of an uneconomica l ly large

• number of different avionics subsy~tpr s performing the same basic ~unc-

• tion is known as “proliferath.- .• ’ Prol iferation results in greater

expenditures in research , develo pment, product~on , and logistic support.

Furthermore , l imi ted  funds ma), be spread too thin to sufficlentl, con—

centrate research to develop lcw cost, rel iable avionics. Likewise ,

sufficient product improvement funds may not be availab le to effectively

“mature ” the reliab~lity of a multitude of functionally sim ilar avionics

subsystems , or to make logistic su~port improvements such as refinement

of depot repa ir processes for l ower cost per repair.

The question addressed in this article is , “Fo’t a ~.tve~i tet-eL ot5
p e~’t~on..mance , when doe~ addAng a new 1-tem o~ av~uPl —(c~ .to the ~ciiven~toky

con4~tLtu2e ~~~~~~~ p~otA~ eAa~t4 on , and cobvj eMeLy, when doQA Lt conat-~i --

.tu-te an econo~ny ?”

We obviously cannot afford to develop a complete new set of avionics

subsystems for every new aircraft, nor , on ~~~~
- other hand , shou ld we

insist that all aircraft use the same basic set of avionics subsystems.

Cons ider the case of aircraft inertial navigation subsystems . Bombers

We wis h to express our aporeciation to Russ ell R. Shorey . Director ,

Acquisition and Support Plann ing, Office of the Assistant Secretary of

Cefen~z’, Installa tion and Logistics , for his help in the form ,ation cf

ts~ papor , model d ev c - l opme nt , and review of the dr~~t versions. We ~l~o

wi Sh to thank the re~~ ers of the Life Cycle Cost Task ‘.roup of the

Jo int Services Data Exchange for Inert ial System s for their many ide s

which we freely borrowed and incorporated iii our modeL
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and reconnaissance aircraft generally require highly accurate inertial

navigation subsystems which are more expensiv e than the medium accurac y
subsystems needed for ri ghter , cargo, and tanker aircraft. It would
be uneconomical to require that all fighter , cargo , and tanker aircraft

use the more precise and expensive inertial navigation subsystems.

Within the family of medium accuracy inertial system users there is,
however , a legitimate issue of whether or not we should insist on a

greater degree of Inertial navigation standardization as new aircraft

are added to the inventory .

In examinin g the Issue of proliferati on we ~ust consider that

advances in the state-of-the-art f r y  produce sub3ystems that are mcre

rel iable and less costly to acquire and main ta in . On the other hand ,

if this consideration were taken to the extreme , every new aircraft of

these types would have a different inertial navigation subsystem , s i nce

at any point in time there is hound to be an ‘ improved version , with

a claim of projected savings. The basic - 
~~~~~~ issue is that of

subsystem life cycle costs across multiple aircraft applications . This

w i ll he illustrated with contemporary inertial navigation hardware .

Firiu’ e 1 summarizes three aircraft inertial navi gation subsystems used

in ~~r anal ysis. We did not of course , ~se data on specific contractor s

~ct~al h~~d~.-aro , but we did take care to accurately portray thr€-~

c~3~ ;es ~ har:wire.

Th~ first of t~e three repre5ents t~ e b ’~st -
~~~ inertial r a v i~ i t i c r i

s~~bsis ter-~ developed for the milita r y pre sen tli in the invent ory . The

secon d represents inertial navigation subsyste~s developed by private

3-153



—.
~
—-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - - —

~~~~-v -n~~~~ ~~~~~~~~~~~rn ~~ ~~ rn rn ~~
~~~~~ 

,
~~~cn -Vm -o rn rn -~~ ~~~

~~ -4 r- r-
~~~ C’, = ~~ I)
o r n  rn -v v —  c

r’~ ~~~ r- ‘
~~~~~~~~~

~~~ — ~~~ -4
-~~~~~~~~~ ~~~~~ —4~~~ Z

I- f~~ ~~~ 
_— — -4:

—4 ~~
~~ m
-4:

P-4: . 
—
C-,

~~ -n ~~~ — -,rn~~n ~~~v =<~~~~ —4 t’~r nc n  —
— Q -

-< -~

~~ m ~~~~ — -~~rn ~~ —

~~~w ~~~~~~— .4: -4rn ~—4 —~~~~~~ ~~~ -I
~~~ — —4 =

~~ ‘4: Qrn rn iii 4:
~~~ C,, -C -4
-4

—
-I

r’, -4: —
C,,

C,)
-4:
C,,
-4

8* 8* 4* r~ -O o
~-J ~~D ~~~

§ §

— 
‘~,4 -o

3- 1 5 4

_ _ _ _ _ _ _ _ _ _ _ _  -~~~~ -~~~~ -—-~~~~~~~~~~ —-  -~~~~~~~ ~~~~~ -- ——~~~~---—~~~~~-~~~~~-



-~

industry for the commercial air line market , and is typi cal of those

currently used by several airlines . This subsystem is not presently

In the military inventory , however. The third is typical of proposed

new developments for the military that are based on major breakthrough

affecting producibi lity , reliability , and to a lesser extent , maintaina-

bility .

A detailed , computerized accounting-type life cycle cost model was

developed by the authors to make the cost estimates presented In this

paper. Careful attention was paid to accurate representation of all

start- up costs, and realistic field and depot overhead costs. Further-.

more, the model was constructed so that it could be exercised without

distortion over a large range of aircraft flee c sizes and equipment

reliabilities.

In considering proliferation , we are part iculu~-ly interested in

what “extra ” costs have to be considered when a new item is introduced

into the inventory . We have called them s~~ r t - u p ” costs and define

them as: “The research , development, test arid evaluation (RDT&E) arid

in itial logistic support costs peculiar to introducing a new i tem into

the inven tory. Furthermore , they are NOT dependent upon the number of

ai rcra ft .” The “start-u p costs ,” for the three inert ial navigation

su bs~sten s of our exi r - p l e are shown in Fiyure 2.

~Dt&E t-rsts are zero for the e~ 1 - ,t~ni mi l it - i r , and t h~ commerc ia l

air lin e sjstems as ~io former is in ~he inventory ilready and the letter

~ ‘ oft-the-s neif .” how ever ,the ne.~ de’~el c prrc-nt s charqed $20,000,000.

At the depot , a bas ic set of test equipment already exists for the

subsystem already in the inventory . For a large number of new aircraft
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FIGURE 2: “START -UP” COSTS

(All costs in millions of dollars)

IN ER TIAL NAVI GAT iON SYSTEM
Exis ting Comm erc ial New

Cos t Category~ Mi1ita~y Airline Developmcnt

RDT&E 0 0 200

DEPOT
Test Equipment 0 3.2 1.2
Facil ities 0 1.0 0.4
A irborne Equipment Tech Data ‘0 0.5 1.0
Test Equipment Tech Data 0 0.7 0.5
Test Equipment Software 0 0.5 0.5
Spares 0 0.4 0.2
Training 0 0.3 0.3

F IL LD
Data 0 (.5 0.5
Ini tial Training 0 (~~~.3 0 3

WGISTICS NAG LNL ’T 0 0 . 2  0 . 2

TOT AL STAn f - P COST 0 7 .3 25 .3

I
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some duplicative specific test equipment items wi l l  have to be ddd*~d to

the already existing basic equipment set to handle added work ’oad. How-

ever , in the limit as the number of new aircraft approaches zero , no

new test equipment is requ i red , hence the zero value for the existing

subsystem. In the case of the commercial INS and new development how-
ever , a basic or minimal set of tes t equ i pment woul d be required to

support even one aircraft, hence the costs shown in Table 2. Here also ,

as the number of new aircraft is increased , some addition al , duplicate

i tems of test equ ipment would have to be added to handle the increased

workload at the depot but this is unrelated to “start—up . ’ The same

reasoning used in depot test equipment app 1~es to depot facili ties. Depot

start-up costs related to tech data , software , a mi d init ial training are

not required for subsystems already in the inventory , however , they are

requ ired if the subsystem is in the inventory . Depot spares are r~ore

subtle, however. As the depot workload approaches zero , the spares

required at the depot do not approach zero but instead approach the

“minimum depot line load. ” The min irnc~ aepot line load has already been

purc hased for a subsystem already in the invent ory but it is a start-

up cost if the subsystem is not in the inventory . rield data and train-

ing start-u , costs are not required for subsystems in the inventory .

Finall y , there are some special st~rt-up costs for logistics ranaqement

on sub~y ’ t~rns rot in the inventory

Shown in Fhj ure 3 are the tota l  10-year li f e cycle costs 
~~~~~~ 

inertia l

nav ig a t ion  syste m on o~ e or mo~ E’~ Fi~ ri~cr ~~ i’~~a f t.  versus thc total

number of n w  a i rc ra f t .  From Figure 3 it cun he seen that ~~~~~ ( : . ~

~L t ~~ a_t~Loo o6 ~~~~~~~~ mcLv~ga~~ c~b L j~teir~ ~ flCi~’ Otk c~ Lt(~ ~ - tq ’~ &~~~

3 - 15 7
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31 ,

typ~~, p’~~ vma.t~on ha.o occwvited ~~~ a 4 ub4y oteni ~w-t ~n -thc

4nvcn.to’~q .L6 u~~d below abou.~ 200 aA.&c.’ta ~ t. While prolif eration will

not have occurred If more than 200 aircraft are involved , and the

reliability , production cost, etc., represent a sufficient advance over
the best of the existing subsystems In the inventory to cause the cross-
over s illustra ted in Figure 3. When the number of aircraft exceeds

severa l hundred , then low production costs , high reliability , and low

cost per repair can offset large initial costs ii the realm of $15-25

million.

In the past, we may have introduced too many new items of avionics

tha t did not represent sufficient advances in the state-of—the-art ~‘wm

a Lc~e. cycLe co~t w.ie~opoA.n.t. This may have incurred need lessly high

costs in engineering development and logistics start up. When we did

buy a “lemon” we have sometimes spent insuff icient funds to bring it

up to acceptable degrees of reliabi lity and economi c repair. Certainly

we have profitably invested sizeable resoc - n b a s i c  r e s e a r c h  t

improve pc k~e-tnla ~1c~ ~ ttc-o~-thc-cvt -~, but perhaps we have spent to .)

l itt le on basic rese a rch to improve the C~~c ~‘ ‘ c ~ ~~~ ~~~~~~~~~~~~~

~~~ i.e., technologica l improvements in producihil ity , re lia bi l i t~ ,

mainta inabil i ty , and logist ic support ref ’ nen ents af ter  init ial

f € din n.

in ‘ ar haste to do b~ttor , however , we mi st  not r r i5~~j~~ the Sf- t i~ 5

for the probl em itselL Symptomatic related sclut ia r s mi~ ht in clodo

cl imination ox proliferation through “l egi sia ion ’ of standard Sut -s~-~--

tems , much larger “across-the .board ” investments in basic research

related to producibi lity , reliabil ity , and mainta inability , and ‘ curing ”
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all the lemon subsyst ems already fielded . While these Symptomatic

solutions are not Inherently bad , we feel that a more comprehensive

program of avionics research, development, selection , and improvement

is required for e.ach subsystem technological area based not only on

performance requirements, but also on the economic analysis of total

life cycle costs on aU foreseeable weapon system applications.

No “short cut ” solutions to this problem are foreseen since it is

deeply rooted in our one-complete -weapon-syste m-at-a-time approach to

development , procurement, and logistics support. Our no licies , budget-

ing, regulations , organization , and ev~r our anal ytic thinking all tend

to assume a vertical approach. Much o this is proper and appropriate ,

but if we wish to make progress in reducing av i o n iLs  l i fe cycle costs ,

it wi ll have to be supplemented more heavily by a horizontal approach

across multi pl e weapon systems for cach of the subsystem technologies.

By applying life cycle cost analysis across multiple system appli-

cat ions  an a v i o n i c s  polic y could be derived tna t precludes wasteful

proliferation without excluding the introduct ion of new subsystems that

represent true advances over existing subsystems already in the inven -

tory . Such a quantitat ive policy would aid in estab lishing the best

bal~ rice between innovative technical research to reduce future life

ov c le ~~s , t~e irtr o~u: .icn of new subsystei s into ~he inventory ,

dri d i r p ~ 3ve ’~en t  - c ai r oo~ field~-d subs~ste~-x

~ b -~u thc)rs ~ re v~r bers of the Li fe Cycli Ca~~ Task Grou p of the

Join t Services Data Exc har ’~e for In~ rt ia l Systems . Our pa rticipation ,

in this group of working level cost analysts f ro~ key aqenci es arid
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industries in the inertial navigation technologi cal specialty , h~s

convinced us that the requisite analytic tools are at hand . A simil ar

life cycle cost task group in the area of jet enyin e technology has

been formed and has similar goals. Thus , i t  appears that  the necessary

cooperative government and industry groundwork is starting to be laid ,

.t2cknoeoqcj a.t a -t.i~n,e~, to understand the economies of prol iferation from

the perspective of subsystem life cycle costs across multiple system

application .

- S
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1. Robert E. Adel -, W il l iam J. Boner , Kei th  J. Gibson , Three Life
Cicle Cost Models for Inertial Systems.

The purpose of this report was to present three different life
cycle cost models for inertial syst ems to the members hip of the Life
Cycle Cost Task Group of the Joint Services Data Exchange for Inertial
Systems for the purpose of familiar ization prior to the April 1974
meeting of that group in Anaheim California. The report includes
three life cycle cost models that have been used in economic analysis
of inertial navigation systems .

2. Russel l M. Genet , Gen eral ized Conclu s ions  Con cern i rg Life C,~ç]~Costs of Air Force Inertial Navig~tion Systems. 
—

An analysis was made of Air Force inertial navigation systems .
The major factors influencing the coot of these systems were determined .
It was concluded that the development of inertial systems that could
be cheaply produced was the most pressing problem . The paper was
based on previou s analysis by Mr Genet, and it contains a bibliography
of ~ey papers in the area of life cycle costs of inertial naviyatior
systems. AD 909665 10 28983

3. ,Results of a Lo~istica l Analys is  of the Depot Level
Repair of Air Force Inertia l Guidance Systems.

A discussion of the influence of test ~
‘ - rn and reassembl y errors

on the depot repair of complex equipmen t ¼~ -~ rt ial navi gation systers
are used as an example). This essentially non quantita tive report —

sun~nar izes previou s detailed studies. It was found that diagnostic
and functional test errors were very costly , and that this ~voidabl -~
cost went largely unrecognized since it is not directly observable.
AD 909488

4. 
____ 

, An ’Jnhiased Indica tor of De ot R~paired Eq~iurnent
Rel ~abil,~~~Twi t h an LN-12 IMU Ex a ~ pjeJ.

,~ ~~~~~~~~~ ~~r determ iring equipment r e lioh i li t y trends bash~
-~ t- ~ i- i i l v  ~\-~ 11~ t~ e at a rep~ir depot ~os ~t~eloped by Mr r

~CiiCt

The ~~hod ~~s - npl ’ed to ~N-h i nertial mea~urv~-ent u’~ito ri~ r k~ c —
tured by L’ ton I r d u c t r i o  and reoa 1 rcd ~~t t ”~ O~r Force ’ s Ae~- s~-~ce
fl-jidan~e and ‘-~ trolo~~ C~r- ter in r~ework , Ohio. 1 was found that
the meafl operating tire 5etw~e~ depot leve ’ re- ~~~s remained re n-x~rk-
aoly constant for the previous 5 years. ~~ C 9~~6~i LD 28985

- , Future L~ j i st ics  Mana erit and Complex E j~’~~ t
Item Tests.

This paper suggest s why the coordination and improvement of
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equipment tests were not a ser i ous pro b lem ~~ r logis tic s managers
unt il the equipment became highly complex . Th~ paper discusses the
large magnitude of support cost Increases that can Occur if lonistic
management techniques are not brought to bear on this problem area
associated with complex items. The paper concludes with a brief survey
of the new logistics test management techniques -, many of which hav e
been borrowed from psychology and medicine , tha t can be focused on
this problem. AD 909625 LD 29305

6. 
______________

, Procurement and Maintenance of Inertial Instru-
ments and systems in the Royal Swedish Air Force.

Sweden a relatively small country with a small but modern air
force has developed unique but h igh ly ef fe ct ive approaches to the
procurement and support of complex subsystems . This report discusses
their approach to the procurement and maintenance of inertial iristru-
ments and systems. They place considerable emphasis on determining
the cost of an i tem over its ~ntlre lif e prior to any large scale
procurement. The report was based on a trip to Sweden by Mr Russel l
M. Genet of the US Air Force, Aerospace uuidance and Metrology Center ,
at Newark Air Force Station , !~ewark Ohio. AD 909626 LD 28986

7. ______________, On Dogs or How to Cetermine When it is Uneconorn-
ical to Continue Repair.

Severa l oapers have been wr itten by p~ ~oorel at RAND , Hq AFLC ,
Log ist ics Managem ent Institute , AFIT , etc., on the general question
of whether it is better , economical ly, to repair an item to ~eoi n
w i th , or to throw it away (or cannib al ize i t  for parts). Mos~ of
these papers have not , however , addres sed the question of or~~- repair
has been started , when does it become ~rec~uom ic al to conti nue the
repair ? It is the objective of th is ,5~~- - r to show how to determine
when it is uneconomical to continue repuir , and to illu str at~. thiswith an actual examp le. AD 909491

8. 
______________

, The Future Role of Man~~n the Repair of Naviga -
tion Systems.

~iu-’iafl fa c~cr; involved in the repair ~f eaviga tion systen s ore
—‘i scus sej. The’ bun~r’ factors in fault diagnosis , repair action
decis io~s . ra k ~~r’ j  re~~irs , and per forr~~r’ce ev~luat ion after r oc-i r
‘~~ s~~~se~ . The paper was presented by t’e aut h r at the ins ti tute
f io o~~ion s 2~tb ~rniv ersa ry ~yr-oe s iur ot t he  US A ir Forc e f cadL y

in Cc~~~auo ~r 1971.

9. 
______ 

- ~.v i c -n i c S  Ccst °eth t ion Through_ ir~rive d_ Test s . j
;,lt ~~: -~~- : h cost h~~ a w a ~ he~n a c : rs i~~~rat i or~ in ‘he se1~ ct1on

dr~ . use - - f  tests for the repai r of ov~on1cs , the ~resent ~i~~sp read
one of very expe nsiv e avionics has n~-ce~sitat e~1 refinements in test-
ing with the goal of reducing repair cc-sts. Th 0 re lationship bet~,Lur
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te ’ting and repair costs is rather somplex , and only recently han it
come under close scrutiny . It is the purpose of this paper to examine
the recent analytic work relatinç~ a’.ionics t est ir’~ to repair costs.
This paper covers the most lmportdnt aspects of this body of research
on the relationshi p between avionics testing and repair costs with
the hope that the reader wi l l be able to apply this research to
reducing the cost of repairinq his own avionics. ~ summar y and list
of references is provided at the end of thi s ~aper. AD 7P 188

10. Russell ~~~. Genet , Cynthia Erwin and Donald L. Rard ,, Jr . ~Cyc le Cost Analysis of a Sta r~dard Med ium Accuracj ~r c rt  ‘ 
~~~~~

System for Mu lti,ple A ircraft Appl ications. -

This study determined how much money could ~e :ave d by t ne ~ ir
Force if it developed or adopted an exis t in g It i-r: as t~e stdrdard
system for all aircraf t requirir;g an ‘~nertial rav i o i t io n  system of
medium accuracy . The study was J~ n~ on a parametric bas s with
production cost per unit and reliability the main parameter var~r,d.
The study concluded that w h’ le several exist in g system s r~ight be
attractive as candidates for a ‘ntard~rd sy~ tnr” that if it were
possible to develcp a syster that cOuir~ be prc-d~~ed for $40 ,000 eac h
with a rel iability of 500 hours (MTBF) that it would be mu ch more-
attractive. AD 909628 LD 209d1

11 . Russell M. Genet and R. Patric k Hond i e i , Au diti ng the Qu ality
of Test Decisions and Test Equ i pment ~t A GMC .

It nas been fou~’d that test decision s ‘ade ir- ser;e repair processes
can crit ic afl y d fect the efficie ncy of to’: p r u e s  and the ouo~ ityof the proauct. .4 p oqram for auditin n t- -~‘iali ty of test de lslcns
a t the Aeros pace Guidance and Metrolo~y OF - L-:r (W1 ’~C) is sugyeste-L
This program is reant to check both the rep eatab il ity as well a~ the
valid ity of both dia ,jnost ic a~ d function~ l test decisiors. AD 910?92

1~ . , Rebu ild _v s P . o istic s~~~~j-sis.

T his ~-ap er é ’ O C S  the econorr ic , dnd other rerti rent lo~is~ic
fac tors ~f a -oic ten~nce conce pt tho t - alw ays rebuilds uni ts cco ;-
~~~r e~y (~~P :~~~. vé~ us one tr it ‘dia ~nc-ses and repo irs as necessary ”

~~~~ ‘~ e ex O~~ 
r iti -~~~~ of t nese t -~o ma ’~ r~~nance - app rc ao te ~ 1s

-~~‘~r ~~i oo r’st  u C t ’~~ a rathe m 3tical cost odel , and th~ r c~ erc i s~ rg
t ’ l S ‘~~~ -~~~-~~ ~~~~ a 1 ~r 3e nu’o~er of wi: eli var~ ’ri  cor d~ ti on s.

-~sse~ 1 ‘ . ~c ” E t a rd :~~r - ~1d r’j rd~~, Jr .,  ~i~~e~~~ ç ’- e C o n ~
~‘a ~~~~i of ‘ rc ?~~~~~~tc ~~ ~~~ r~~ ~~~J~~~ i r o  rta~e

M s~ i

The 1 if e cy~ le- c o s t s  of 14 i n erti a l s~’ t u  ~~~~~~ e~~~- i reJ as
apol i ed to t~ e ~-1 horber , The l i f e  C~’c~t costc v a r ied f rom u r , -
LICO r ill i c r to cver $3C0 r r i l l i cn  do ’ la r s .  T h i s  report d isc usses the
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overall cost analysis problem , descr ibe~ the C O S T r udel j s~ d in the
evaluation , lists the data inputs and an~ I)~, 1 -  Outp uts , draws over-
all conclus ions and examines the sensiti vity of these ccnclusions
to variations in the inpu t d.~ta. Nunerous appendices give detail ed
resu lts . AD 909619

14. Russell M. Genet and Don Hunt, Life (~ycle Cost Task Group ofthe Joint Services Da ta Exchange for ~~~~~~~~~~~~~~ Jan 74.

These proceedings describe the f irst meeting ~ the Life CycleCost Task Group of the Joint Services Data [xc harqe for Inertial
Systems. The report contains cop ies of educa~’ion al presentations
on various subjects connected with lif e- ~o i~~ c ist inq and with
maintenance warrant ies. AD 785391

15. Russell M . Genet , Pichard Martin , or :J  RoO~e~olt bested a , An
Economic ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

At the request of the Air Force Crief o~
’ Sta ff (Genera l Ryan)

a project was ini tiated to irrpr ove the F-4 ivi ; :nlcS , particolarly
the LN-12 inertial naviq at ’~on sis ter . As a pa r t  of thi s project a
new bear ing was desioned for the G-200 gyroscope , a key irstrum ent
in the LN—12. This report exari ire~ th~ ecd~-d ’fl C rel i a b i l i t y impact
of introduci -g the new hea~ ir at di ff~-~~ ’t flt !S Since the actual
re l ia h ilit - - of the new bearin g was ~~~~~~~~~ ~.he ufld l y S l S  was done
paranetr cu 1 lv v~ith ~‘is reliah’fl t, as tb~ r 1- t~ r f- ! 909630
LD 28983

16. Russe ll 
~~ . der e~ . h il lip Puud , Lt ) d r ; e ’ . cu -~ -~’ - and C. B. Santos ,

A Shor t R u n E~onom ies ~~f Scale Ana~~’sis f toe Aero~,pace Gu idance
an d Metro iog y C ’nter IA.~~~~

A s i- pi  i fio-1 n ’ethadolooy for ev :tluctinq t he ~r~o,-t run e:cno~ies
of scale of a repair depot ‘s g iven . °n i 1l u str a~ ive example apply -
ing to met hodoloqy to thc Aerospace G u d ~inc and rlFtrolog ) C nter ,
the Air Force ’ s ~ - p o i r  ~e~ot for inert - a l ~y steffi s ~cir tis~ ’il e ano
a~rcraft is g ive-n . .ery appr oximate d- ~ta  i~ u~ e-1 ord is f r  purpose

~f illustratior only. AD 92239’

7. ~u~ - ’~
1 Ge-ne t , e1 al , 01 

~~~~~~~~~~~~~~~~~~~~~~~ 
a Repa~ r D ~~ot.

- - 1 ç - 
k~ l j  ~ , ~fld s ’ r -  ri~ ~f a~ ec- : :O~~i C
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18. Don E. Hunt, A Model for Contract Pric in~~~~~g~e by GovernmentDepots in Conjunct ion wi th the use oTf’ Gd~~~ i e ~or W r T h i~ nMulti—Year Contracting at Fixed Prices.

This paper examines the fundamental economic considerations of
the maintenance warranty concept, embodIed in fixed pricin g and multi-

year contracting. A model Is developed which provided a sati sfac to ry
incorporation of these concepts Into a government depot maintenance
warranty . The model provides a framework within whi ch the govern-
ment maintenance depot may acquire a limited profit or may incur a
loss dependent solely upon the capabilities and efforts of the depot.
AD 921656t. LD 32079A

19. Don Hunt , Russell M. Genet , and Thecdore E. Crosier , Government
Depot Maintenance Warranties. 

-_______

This paper was presented to the Life Cycle Cost Task Group of the
Joint Services Data Exchange for Inertial Systems 19 Aug 74 , for
review and comment. It is a thought provoking attempt to introduce
the concept of governnent depot maintenance contracting technique.
The paper examines the advantages and disadvantages to be expected
from such a concept and briefly describes what a depot maintenance
improvement warranty might consist of and how it might work. AD 922375L

20. Life Cycle Cost Task Group of the Joint Services Data Exchange
for Inertial Systems , Proceed ings of the Life Cycle Cost Task Group
of the Joint Services Data Exchange for Inertial Systems.

These proceedings describe the 4th quarterly meeting of the Life
Cycle Cost Task Group of the Joint Service~ ~ata Exchange for InertialSystems. This meeting was held 19 Aug 74 in Cambridge, MA. The
conference proceedings include a foreword by the Task Group Cha i rman ,
Russell B. Stauffer , educational presentations by Task Group memb~rs ,and the proceedings of the newly formed Executive Board including
plans for the 1974-75 year. AD 787220

21 . Thomas Meitzl er , Life Cycle Cost Task Group of the Joint Services
Data Exchan ge for Inertial Systems, Proceedings, Apr 74.

— These proceedings describe the second quarterl y mee ting of the
L’fe Cyc le Co~- t  Task Group of the -Joint Services Data Exchange fcr
i’-erti~ l Sy stecs. The report includes an introduction by Task Group

- - Cnai ’m ji. Russell Genet, and educational presentations on life cycle
ccs ting. Also ‘ ne luc ed ~s a report on progress towards a ‘ stan dard-
ized governr-ien t contractor life cycle cost model for inertial
systems. AG 7853 0 LD 31985AL1
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22. 
___________ 

Procee d in gs o~ the June 1974 Meeting of the
~tLe ~~~~~~~~~~~~~ ~ rOUP o~ the ~~~~~~~~~~~~ r)ata Exc hange for
Inertial Systems.

These proceedinns describe th-~ third quarter ly meeting of the
Life Cycle Cost Task Group of the Joint Services Data Exchange for
Inertial Systems . This meeting W aS held 11-13 June 1974, in
Kennebunkport , Maine . The conference proceedin gs include an intro-
duct i on by the Tas k Grou p Cha i rman , Ru ss~ 11 M . Genet , educational
presentations by severa l task group members , and sunirar ies of three
working groups . These three groups deriv ed first-cut algorithm s for
the imporved life cycle cost model -in the areas of” (1) research ,
develo pment, test ard evaluation; (2) Acquisition ; (3) operation and
maintenance . AD 787 195

23. Thomas 0. Mei tzler and Russell M. Genet , A Descri ption of a Life
Cycle (st Model for Inertial _ N av i~~flon Sjstems.

The purpose of this report is tu document a mathetratical model
that has been used to evaluate the ~oten tial life rycle costs of
inertial nav~got iori s~jste!ns. The rodel has been previous 1y published ;
however , because of sensitive data , it had -

~ lim ited distri bution .
This report in cludes definitions of al l input and output [3rameters ,
explanations of alg orit hi s for the mod~~1 , a sample run using
fictitious ~1~ta and aprograrn listing w~1ch inc ludes a sens itivity —

study . PD 185392

24. Al be rt R. Nevi l le ,  ir ., Colonel U SAF~ an d R u s s e l l  M . Genet .
Testi~~ the Tests or toe_Q u a l i t y of D i os ti : an d Func ti onal  Test s
Used in the Rekair_of In ertial Sj~!eiu ~t the Aerospace Guidance
an d Met rology Center.

Tr is paper discusses the evaluati on and improvement o~ tests
used du rin g the repair  of inertial navi gat ion systems at to -~ Aerospace
Gu idance and Metroloqy Center (AGMC) at Newark Air Force Station , in
Newark , Ohio. The highl y si gnificant impact of botr diagnosti c and
fu nct iona l test errors on the ef f ic iency of the (verdll repair
process is discussed . An evaluation ~v-ograrn at AGMC to ‘test the
‘e’~ts is iescr i bod . The res~ i t~ s h-~uld he aen e ral ly  appl icable to

- - m V  ~ ‘- f l i~ p(( -o ~ 5S ~~hdt a ce s  di~~ ne~ t i c  tests combined vi th seiect ive

~- -- ! - 3 - 0 --r - ’- 0 31~~o 7A
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APPENDIX B. MODEL iNPUT/OUTPUT USED IN ANALYSIS

This appendix contains copies of the basic computer printout of the
input data and output results used for this report. Normally these
two sets of data appear on one sheet; however , for reproduction in

this report, it was necessary to use two pages.

.
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(For pages 3—169 to 3—178, Basic Computer Printout , order AD A016478.)
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APPEN DIX A

MINUTES OF THE EX J - C~ [7~~V BOAR D

OF THE LCC TMd- G U ?

31 July 1975

The Executive Board ui the I C C  Tosk Group including newl y
elected members Mrs. Frieda Kurtz and rvl r .  James Taylor :m;t on
Thursday , July 31st , 1975. i \ lr .  ~~~~~~~ ~ ‘~ Mr. Palmer ~‘- -~ r-:~ ~isi -~~J
to continue to ser ve as cliii r- - : ~~ and ~~c~- -- : :rns~n~ r espec t~~-ul y .
Principle discussion at the mec t i i i~ ~c - - - c c i u er c d  arcund the task so he
accomplished between that date and t i i t  end of ~}e  year . it was -~~~re- e 1

that in addition to the coding of the ~~n d~~~ w~ncb is being accomplished

by Keith Gibson it would be necessary to ~avu a User ’s Guide~
i\lr. Stau ffe r accepted the action item to prepare a de~ :uied outline of
th at guide and su t sted thu  following ~ ~~~~ d - s s i gnmur i t 5 .

1. The Rl)T & 1; section u i  t~~ - ~s idu -v ’ s~id be p rup~ i- ~i

Mr.  Si auffe r , the Acq -.~ sition section would be re~ red ~~

‘Jr. Robert £~JL- I , the input section by Don i ~e i of. ~u -t , t~ iu

G~-nc-r il R s cr 1 V;~~n of tk -  iu dt - I  by ~ u i th  (~ih ~ cn  and th ~
( ~~tpu~ s c-t ion i - i  13111 C-: I c o r - i .  i~~ was aI~ 

- ) dc-c i ’l:d th~~~~ u
rn id—$ ~~-~~t :~~;oer ~neet in p to (

~i~:CUs ~ it -ogr es~ L~1~~~ ~~~~ W

what  h ~ been :~ccornp ’iohed on the (~ser Guide and t h e
meo ci k elO be held n mid - ~e~ - t t -~~iber ~‘ , proi~~ bly :n the
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Los Angeles area. Bob Adi l w~m u 1- uqu -- -~t tn rnuk - f i t

Life Cycle (‘o~ f prcs nt~ v~1 ich ~d en -v ~ e -t- ;

1)rc~l)ared at 1u~- Jo u t  S V~ Ct ~S it a l x ~~h -i nge  - - 
~

November.  -

A de ta i led  set ot m i n u tes o. fl ~~~ tn b ha Ii  ( i i  distr - i te h ~e
limited nun ibcr  of active pers nr Ie i  w i t h u .  t t ~~~- Lif ( ~ Ic (‘o:- t ‘ia ~, t (~

(Other readors Who V. ~ni ld L i k~~ to h i .  t~ 
¶ 
~ u j O t~~ j 

~: u i :  r:vite l to ~ : i t

the chairm~in for them .

N Oi’i~ -\ :~ ot t i me w i - t t~n~’ - d  r - m:-~~~j Ii~~~, i~ ~ l~ -~ n .
ki~~ in fact  b ‘- i i  l i e  I d .  lu ri 0 th ~ m i c ~~ 

~ 

• -

u~ si t rn: ts ui i pr m t  - s  un I ( - 
‘ S ~~ i - i -  - it ~ 

- -

( i i t~~~~~~i t f l & ’ I t h at  i t  p~~-ssur ~ uf r u m ~ I -  . L C I  R - 1  j & h i ,  $ 1 i - .
-nt  ‘ I \ i  i t  ~, ih ~~ur r~ - r i m  - • -~ ifl~~ ~u .r w it )  - - j i r  1~~~

I-

h i t  h,si h oped to he - n h -  tO ~ t - d  . c I ~~d t -
~~~

I i  \V \ - I , t m 1 ~ Va S p i u g) t u  ~! i t  - d t r  I ~~~ ( ‘~~ 40 I i
(‘ )OltI tah - j i l - . U~ t~ t~~t -  m ) t  m l  ‘‘~ t i ’s a~r~-~ e~ : t  to - i t ’m i i t
i 1 i~~~~~~ t i r ~~~ I u I f l m f  ass!:  ~ifl - ‘ -  - ‘or J - ’Or-c~ - \ \ - i - Y t L c -  -u
\ 1 ( j - I  t h a t  ui~~- -  i L  u ’ i ) l m s  which r ~u irt- i -  - ‘ 1 I:- ‘- n r-

niu-  could L- . t U - i t

1
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Symbols and Definitions Used
In Life-Cycle Costin9

ABLE = Acquisition Based on Consideration of Logistics Effects
A/C = Aircraft
ADC = Air Data Computer
A DI = Attitude Direction Indicator
ADPA = American Defense Preparedness Associati on
AFAL = Air Force Avionics Laboratory
AFHRL = Air Force Human Resources Laboratory
AFLC = Air Force Logis t ics Cori nand
AFSC Air Force ~ystems Coirinand
AGARD = Advisory Group for Aerospace Research and Development -Df NATO
AGE = Aerospace Ground Equipment

AGMC = Aerospace Guidance and ~etro logy Center-

A I A A  = Americ an Institute of Aerona utics and T\5tronautic s

AOA Angle Of Attack

ARP = Arm -anc-n t Release P a n e l

ASCU = Armament Station çsi trol Unit

A SO = A e r o n a u t i c a l  ~Jsti ns Divis ion
ASME = American Society of Mechanical En:lineers

ASO Aviati n Suppl y Agency

ATE ~uto ’utic Test Equi~ ;: or t

t \WACS ~ Ai rbor e ~- it - n i ng ou d C ri t , il l Sjstu;~
A~M = r~- a i  t i r ~~ -~jte rial

BI TE Built-In Test Eq u i ; ,n nt

CEP Circu l ir Error of Frob ab ility

CER Inst Esti iting ku l i ti o nsh ip

L~P/TDP Concept tk :- ila t jon ~ick ~ -~- -/T echnical Dov elopru~ rit Plan

- ~ . P = Closed ioop Auto-~ i t ic r-~.inag -~ien t Pr qram

CO Cost of Ownership

C/SPEC Cost/ b. G~dule Contro~ ~~ec i ficati m

- - ~~~~~~~~~ -— —-- - ~~~~~~~~~ --- -“ - ---~~~ ----~~~ ~~~~~~~~~~~~—- —- -~~~~~~~~ -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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CONUS = Continental United States
DAI S = Digital Av i onics Integrating ~ystem
DC or 1)/C = Design to Cost
DCASR = ~efense Contract Administrative Services Region

DCC = Design to Cost Council
DCP = Development Concept Paper

OCS = De pu ty C hi ef of Staf f
DOD = Department of Defense

009T Desi gn ~ption Decision Trees

DRS = Doppler Radar Set
DSA = Defense Supply Agency
DSARC Def ense System Ac qu i s i ti on Rev i ew Counc i l
DTC = Deisqn to Cost
[CP = Engineering Chanye Proposal

E’J = Electronics Systems Division

FAT = Fac to ry  A c c e p t a n ce  Test

1- FW = Failure Free Warranty

FLR = Forward Looking Radar
GFE = Government Furnished Equ i pr: €- r .

HSI Horizon Situation Indica tor

HUD h-i eads -~p Disp lay

IEE E = in stitut -~ of Electrical and Electronic Engin eer

IILSAC = Industry Integrated Logistic Support Advi sory Committee

JLS = Inte~t rat - d iog is tic Support

= In t is e ~i ut e -~ai nto r ,ane~ Activity

IMS In r t  i a l  -~- a s u ’  17 ul t Set

: -tj = Inertial Y~,~a z u r i : nt Unit

In er t ive Perf or- :iflCe ~~~~~~ ii r~ t u t

= Irm cr i i d  Rel i ib i l i t ~ for Oper~tional ~y s tem
IT&E In i tial Test ~ n t { - , i l t a~t ion

— 

JSDE / I S = Joint Servic es Data E~~ h - :nge for l r - ~rt iol ~ystems

13-3
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LCC = Life Cycle Cost

ICCIG = Life cycle Cost Task Group

LOR = Level of Repair

LRU = Line Replaceabl e Unit

LSA = Logistic Support Analysis

LSC = Logist ics Support Costs
MAF = Maintenance Action Form

MFS = Master Function Switche s
MFTBMA = Mean Flying Time Between Maintenan ce Actions -

:

M I S  = Management Information system
— 

MSP = Material Support Plan
MTBDR = Mean Time Between Depot Pepa ir

MTBF = Mean Time Between Failur e

r-ITBMA Mean Time Betweo’t Tai nt enance Act oris

MTBR Mean Time Between Removals

MTBUR = Mean Time Bet ween U nsche du led Remova l s

~AFS = Newark Air Force Station

NARF = Naval Air Rework Facili ty

NAS = Naval Air Station

NASA National Aeronautics and ~pace A9ency

NCMA National Contract Management As sociation

NORM Not Qperationa lly Pcady Due to Maintenance

N ORS = No t Opera t iona l l y Ready Due to Supply

NRTS = Not Repairabl e at Thi c Station

~W L1S Nay i~-a tio ’i /~ t a: on—Delive ry Syst -rn
= Ut fice of the A s i  stant for St - t~ Sup~~rt

O&M = O~~-rat io n and ?~iin t m nance

Of fice of Primary Resp rsi hi li t ,

JP = Qperational ly F~~’adj
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ORLA Optimum Repair [eve~ anal ysis

o~s = Operation and Support
OT&E = Operational Tt- -~t ~ r d  Evaluat i on
PA~.E = Program A n~ lysis ani~ Evaluat ion

PCR = Program Change Req-jest

PIDA = Perfo rmance In ce r - t lv e Do ll a r - Ad stment

PLT = Procur ern cqt  Lead Time

PM Preventive Ma -~nt nan ce

PMA = Projrarn Mana gement Act ivity

PMDS Projected Map D~ ~lay Cet
P SPP = Proposed System Packaoe Plan

PAD = Require d Ac ti- r Directive

R CT R~p i ir Cyc le  T i m e

RDT&E Research , De- ~e l-  ~
- nt , Jes t ~~~id i vo l ~ati on

REP = P - tqo t - s t  For F repo  -al
REQ Reque s t ~or Quota t ion
RIP Request Fo r Ro~~- - n ~~
RI W = P liabi l ity i~~~ov -~nt ~~rr~n~-

RSM Reliability ar 1 l i nt a i r l lr ) i ii sv

ROC R e qui r-1 Oo~ r-jt io na l Copab 11 ty

AC -: t Ic A i r  ~o: mod

~~AC S y s t e ~ - ( q u i s i t i o n  Cos ts

SA~-1SO C; ace ~j r d Missile ~yst~-rns Orga ni ~ati en

~tVE Soc i e t y of A : e - ~ica r r  Va lue En g i n eers
= C ,~ t :5 ~- r p:Or -t Cost ~‘- il ysìs t u k  1

~LAC = S p t O ~~ y -~t crn~ Ef ’ nc t iv eo e ss  ~r~t Cos t  flode l

= ‘ 5~~ - r ~ nt D i r e c t i v e -
= Soc ety of -hl -i~~ [rO 1r i ~~Cr5

dIL E = C i - y ~ f LO~ i~~t l c s  [r ine~- r- ;
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SOW = Statement Of Work
SPO = ~yste rn Program Director
SPO = ~ystem Program Ot f i ce
SPP ~ystem Pac kage Plan

SR Scra p Rate
SRA = ~pec ia l Repair A ctivit 1

SRU = Shop Rep lacea b le Unit

SSAC Source Selection t~cq u is i t ion  Cou ~c i l
SSEB = Source Selection Evalu at ion Board

TBO = Time Between Overhaul

~PM = Tota l Program Mdna~~”Ient
= Total Package Procur~men t Conce pt

T R IPL E M =

3M = Mainte nance and M d t - r i ~ ] M~n~ cj nr ent
VE = Value Eng ineering
VECP = Value Eng inee r i ng C h ’ g e  P o ~~l

- J~ r.e 1 ~75
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APPENDIX C

I ‘ST OF ATT ENDEES

LIFE CYCLE COST TASK GROUP MEETING

FAIRBORN OHIO

JU$V 29-31, ~
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