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E X E C U T I V E  SUMMARY

The Reliabili ty Improvement ~Jarran ty (RIW) is a

proc urement methodology which is currentl y being tested by

the Department of Defense. The RIW is characterized b y a

-~~~~ fixed price con tract for support and reliability im p r o v e m e n t

of a sys tem during an initial per iod  of s e r v i c e , u s u a l l y th r e e

to five years. The warranty can include Mean Time Between

Failure (MTBF) g u a r a n t e e s  w h i c h  m a x i m i z e  contractor liability b y

-: req uiring provisions of additional spares a t  no c o s t  to  t h e

governmen t in case reliabilit y goals are no t achieved.

The contractor is incentivized to build in reliability and

im prove  re l iab i l it y d uring the life of the warranty.

Investiga tion of current app lica tions within the Air Force

indica tes either good initial reliability or reliability

growth ; however , it also reflects less than desirable

ut i l iza t ion ra t es o f  war r an ted equi pment , e x c e s s i v e  shi pment

times to contractor ’ s repair facili ties , and gene ra l

u n f a m i l i a r i t y  with RIW concepts and p r o c e d u r e s  by f i e ld

main tenance and supp l y personnel. Conce rn has also been

expressed on inadequa te pricin g procedu res for the procure—

ment of RIW arrangements and limitations on wartime

utilization rates caused by non—organic support for critical

componen ts of major weapon systems.
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T h i s  r e p o r t  r e c o m m e n d s  c o n t i n u e d  emp h a s i s  on tes t ing

4 im provemen t s , highe r initial utilization of newl y wa r r an t ed

equi pments , ed ucation and evaluation of maintenance and

suppl y personnel in RIW proced ures , higher p r io r it ies for

movement 1f failed units to contractor facilities , eval uation of

• a Swedish approach which utilizes military depo ts and existing

logis t ic pi pelines for servicing RIWs and co ntinued.1
alloca tion of resources to improve reliability state—of—

t h e — a r t .
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SECTION I

- .. INTRODUCTION

At the ti p of the tongue of every DoD executive ,

m i l i t a r y  commander , and a c q u i s i t i o n  program manager is the

wo rd “r e l i a b i l i ty ” . Reliabili ty improvements appear to be

the most efficient and available means to slow the rate

of  i n c r e a s i n g  cos t s o f ow ne r shi p o f  military equipment. In

addi t ion , si gnific ant improvements in r e l i a b i l i t y  can force

multi p l i e r e f f e c t s b y ass ur ing tha t p o s s e s s e d  e qu ipment will

be r e a d y fo r use when needed and will operate without failure

in rigoro us environment s of mili ta ry operations at the same

time reducing the characteristicall y l a rge  log is tic tail.

One po tential solution to the r e l i a b i l i t y  problem is

the R e l i a b i l it y Im pr oveme nt W a r r a nt y ( R I W )  wh ich  the

Depar tment of Defense is currentl y testing. Initial

a p p lications have indicated pro mise but no panacea. - 

.
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Purpose of the Stud y Report

The major portion of this report will be d e d i c a t e d

to o u t l i n i n g  the factors that have resulted in low weapon

systems r e l i a b i l i t y ,  tracing the evolution of RIW w i t h i n

th e D e p a r t m e n t  of Defense and b y a su b j e c t ive a n al y s i s  of

two Ai r Fo r ce RIW ap p lications. The test cases chosen ,

the F B— l l 1  Di splacement Gyro and the A R N — 1 1 8  TACAN , were

selected to get as broad a view of the w a r r a n t y  period as

p o s s i b l e , the gyro being a mature syst’:1~’ n ow t r a n s i t  i o n i n g

from warranty to organic support and the TACAN about one

y e a r d e e p  in to its i n i t i a l  warranty period. Both systems

have  v alu a b le less ons le a r n ed w h i c h  m ay b e be ne f i c i a l  to

managers of future RIW applications. It will be shown that

RIW a ttack some of the basic causes of poor r e l i a b i l i t y  and

pre cipitate other pr oblems which require solution.

D e f i n it ion s :

Elap sed Time Indicator — A timing d e v i c e  d i r e c t ly
mounted to a unit of equi pment which indic ates the
c u m m u l a t i v e  hours of operation.

False Al arm — A unit thoug ht to be inoperative
w h i c h  is s u b s e q u en t ly fo und to be operati ~~~al .
In  R I W  a p p lications units returned to the . - ntractor
f or r epa i r , b ut which are found to be serv iceable
con tribute to the false alarm rate. Normall y ,  f a l se
alar m rates exceeding a contract s p e c i f i c a t i o n  are
chargeable to the government.

L i fe  C ycle Co st (LCC). “The LCC o f  a s y s t em is
the total cost to the goverment of the a c q u i s i t i o n
a n d ow n e r s h i p of tha t system over its full l i f e .
It i n c l udes  the cos t of d e v e l o p m e nt , a c q u i s i t i o n ,
o p e r a t ion , s u p p o r t , a n d  w h e r e a p p li c a b l e ,
d i s p o s a l  . ( 2 3 : 2 )

2
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He ads  Up D i s p lay (HUD). A p rojected di s p lay
of c r i t i c a l  fli ght parameters through which a

pilo t looks while engaged in ground target
attack. The HUD system decreases the proba—
b i l i ty of loss of visual contact with the
tar get an d/or p ilot dis traction while engaged
in maximum performance manuve r s in close
proximity to the ground.

Iner tial Navi gation System (INS) — A navi gation
system based on an erected stable element which
measures acceleration vectors and computes
veloci ty and position.

Mean Ti me Between Failure (MTBF) — A time expressed
in hours quantified b y d i v i d in g m ean  ope ra t ing
hours b y the mean number of failures.

Reli a b i l i t y Improvement Warrant y (RIW). “A
p rovision in either a fixed price a c q u i s i t i o n ,
o r f i x e d  pr ice eq uipment overhaul contract in
w h i c h :

1. The con tractor is provided with a
monetary incen t ive (b y bei ng allowed to
r e tai n all s a v i n g s  a c c r u ed du e to red u c e d
con tractor support costs during the
pe r iod of  wa rr an ty) thro ughout the period
of the warranty to improve the production
desIgn and eng inee r i n g of the eq u ipm en t so
as to enhance the field /operational
r e l i a b i l i t y a n d main tainabi l it y of  t he
sys tem/equi pmen t.

2. The contractor agrees that , d uring
a s p e c i f i c  or m e a s ur ed pe r i o d  of  u se , h e
wi l l  repa i r  or rep lace (wi thin a specified
turn—around time) all equipment that fails
(s ub j e c t t o s p e c i f i e d  exc l u s ions  if
a p p licable). (25: Enclos ure , p 4 )

TACAN. — An a c r o n y m fo r  Tac t i ca l  A i r  Nav i ga tion.

Turn—Around—Time . — Time interval from receipt of
failed unit at the manufacturer ’ s do ck until recei pt
of the repaired unit at a government bonded
wa rehouse.

3
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The Ca us e s of  Unre l iabi l it y

The most e f f e c t i v e  problem solution w i l l  counter

the o r ig inal ca uses of the problem. It is appropriate

that before an investi g ation of RIW a p p l i c a t i o n s  is conducted ,

tha t the question , “What are the basic causes of p o o r

re l iab i l it y ?” , be ans wered.

Cap abilit y h e quirements that Push the S t a t e — O f — t h e — A r t

M i l i t a r y  eq uipment in our continuing technological

exp losion of the 20th century is more comp lex , h a s  m or e

co mponents , does more , and has to deal with environments

of seve ra l ord e r s  m o re de m andin g tha n sys tem s had t o

contend with onl y 20 years ago. In ou r quest for military

capability to defend against perceived threats , t e c h n o l o g i c a l

break throughs have been converted to large advances in

capabili ties of weapon systems. In fact , most technolog i c a l

gain s have been applied to increased weapon syst em ’ s

p e r f o r m ance  wi th inadeq u a te em ph a s i s  on reli abilit y a n d  e a s e

• of maintenance. Robert F. Trinkler , f ro m the O f f i c e  of
‘

I.

F e d e r a l  Proc ur em en t P o l i c y ,  Exec ut iv e O f f i c e  of  the

P r e s i d e nt , emp has i zed this fac t b y s t a t ing:

The rea l  tr aged y of t h e s e  pas t si tu a t ions
is tha t the te c h n o l o g y  for r e l i a b i l it y w a s
m o re e a s i l y  a tt a inab le  than the b a s i c

• technology of the equi pmen t itself (19:23).

4
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The mili t a r y  services must accept a great deal of

r e s p o n s ibili t y for the typ i ca l ly l ow Me a n Ti m e

Between Failure (MTBF) currentl y being ex perienced. It

is pri maril y due to the perceived need to push the state—

of— the—art and modernize now without sufficient consideration

to the price which must be ultimately paid to support the

Bu ck Roge r s i deas  o f  yes teryear.

D i s p a r i t y Be tween Test Results and Ope rational

Reliabili ty

Equipment is not being desig ned for or tested

in an envi ronment similar to that in which it will be

;

- ultimatel y em p loyed (12—25).

Acq uisition App l i ca t ions Se m ina r s ( h e l d  a t Hq USAF

d uring 1976) sponsored b y the Department of the Air Force

and ex t13n sive ly sup p o r t ed b y the AR INC R e s e a r c h  Co rpo r a t io n ,

poin t ed ou t the b road  d i s p a r i t y be tween testing and

opera tional environments b y documen ting the wide discrepancies

— 
.‘• in failure rates. The followin g chart indicates the

si gnifican tly lower MTBFs experie nced in operational

se rvice than experienced in t e s t i n g  ( 1 — 3 ) .

5
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The s t anda rd  w h i c h  c u r r en tly specifies the amount

and degree  of t est ing req u ired was re l e a s e d  in the ea rly

1 9 60 s  to y ield economies in necessar y b ut expensive

e n v i r o n m e nt al t e s t  eq uipment. This standard , M IL—STD—78 1

w a s  m ore  d e s i g n e d  to de t ec t w o r k m a n s h i p errors than to

sim u la t e ope ra t i o n a l  e nv i r o nm en t s where  eq uip m e n t wo u l d

u l t i m a t e l y  be used. M IL— STD—781 is currentl y bein g revised

to address thi ., deficiency (2:32).

6

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



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

C o n t r a c t o r  testing f a c i l i t i e s  art- ’ n o t  c u r r e n t l y

r e q u i r e d  to s i m u l a t e  o p e r a t i o n a l  e n v i r o n m e n t s  and , there-

fore , s u r p r i s e  compon e nt fa i l u r e s  tend to show up a f t e r

i n s e r t i o n  into o p e r a t i o n a l  use.

Lt Cen Robert T. Marsh , V i c e  Command e r , A i r  Force

Systems Command , stressed t h i s  point b y using the f o l l o w i n g

chart which shows the A—7 Radar T e sting E n v i r o n m e n t

required b y MI L— STD— 78 1 , the e n v i r o n m e n t  used f~~r test and

the real world e n v i r o n m e n t  in which the A— 7 radar ulti ri atel y

had to operate (12:27).
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Lack of Incentive to Build in R e l i a b i l i t y

In t h e  p r e c e d i n g  e x a m p l e , the c o n t r a c t o r s  did more

testing than the sp e c i f i c a t i o n  required but s t i l l  fell short

f realis tic operational envir onmental testing. Under current

gu i d e l i n e s , h ow e v e r , the C o n t r a c t o r  should , in n o w a y ,

- ~ cons true this shortfall to be criticism of his procedures.

The c ontractor is b ligated to his shareh olders to develop a

p iece of equipment at the least expense and at the lowest

accep table reliability. The g vernme nt expects the

c ontract o r to produce a unit at the lowest cost to the

g o v e r n m en t t~ d .’ a given j~~b (14).

Under fixed price p rocurements the c o n t r a c t o r  must

red uce costs to increase his profit. Reliability b e c om e s  an

easy trade—off victim as shown b y the following statement:

...Today ’ s p r o c u r e m en t p r a ct ice , with the H
emp h a s i s  o n l o w  i n i t i a l  p r i c e , c a u s e s  v e n d o r s
to supp l y the lowest reliability that will pass
the procurement acceptance requirements. The
v e n d o r  is ec onom i c a l l y driven to this positi o n ,
h i s  m a x i m u m p r o f i t b e i n g  derived fr om such
s trategy (4:4).

The following cha rt grap h i c a l l y demonstrates this

phen omenon (1:8—19).
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The c ontractor also has an eye on the downstream spare

par ts market , which a prod uction system represents. Any

i n c r e a s e s  of  r e l i a b i l i t y w o u l d  ac tu a l l y be co u n t er

produc tive to p a r t i c i p a t i o n  in this future market.

T h e  c u r r e nt w e a p o n ’ s acq uisition system , when operati ng

-• 
at the optimum , will be prod ucing equi pment that just meets——

• no t b e ats—all s p e c i f i c a t i o n s  inc l u d i n g  r e l i a b i l i t y .  There

is no risk to the contractor , beyond da mage to his reputation ,

if the failure rate experienced in operational service is

si g n i f i c a n t l y h i gher than mig h t have been predicted b y

9
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e a r l i e r  q u a l i f i c a t i o n  a n d  d e v e l o p m e n t a l/ o p e r a t i o n a l  t e s t i n g .

The gove rnment has t r a d i t i o n a l l y  absorbed this risk and

t h e  r e s u l t a n t  h i g h e r  maintenance and support costs.

If the basic causes of poor reliabilit y are require- .

m ents that “push the state—of—the—art ” , u n r e a l i s t i c  testin g

a n d  q u a l i f i c a t i o n , and lack of incen tive to deve l opm enta l/

p r o d u c t i o n  c o n tr ac to r s , then how does the RIW counteract

t he ca u s e s  of  p o o r  r e l i a b i l i t y ?

In the following and succeedin g sections of this report ,

i t will be shown how the RIW evolved into a tool that

addresses the causes of poor reliabilit y and the current

status of RIW app lica tions in the Air Force.

“I

I
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S E C T I O N  I I

-
• 

E v a l u a t i o n  of  R e l i a b i ~~i t y

I m p r o v e m en t W a r r a n t i e s

It is interesting to note that in 1967 , a consumer

of  a v i o n i c s  eq u i pment , P a n  Am e r i c a n A i r l i n e s , a n d  a v e n d o r

of  l i k e  eq u i pment , Lea r Sie g l e r , Inc., (LSI) simultaneousl y

and independentl y ini tiated a contractual method which

i n c e n t i v i z e d  a m a nu f a c tu re r to w a r d  im p ro v e d  r e l i a b i l i t y

(17:1) (10:51). These ini tia l efforts evolved into today ’ s

app lica tion of RIW within the Department of Defense.

The Airline Experien ce

P a n  A m e r i c a n , w h e n  f a c e d  w i t h  a m a j o r  p ur c h a s e  of  o v e r

one  b i l l i o n  d o l l a rs f o r  33 B o e i n g  7 4 7  a i r c r a f t , w a s  h i g h l y

concerned wi th the risks associated with the u n p r e d i c t a b i l i t y

of future support costs because of poor reli a b i l i t y .  In

previo us experiences with one year warranties , P a n  Am e r i c a n
S.

h a d  n o t e d :

It is the vendor who decides whether he will
insert in his prod uct a subcomponent or part

• that will survive for at least a three year
p e r i o d .  T h e r e  h a v e  b e e n  c a s e s  in  t h e  p a s t ,
w h e r e  as  a m a t t e r  of  a t t e m p t i n g  t o  i m p r o v e  a
p r i c e  p o s i t i o n  or i m p r o v e  a p r o f i t  r a t i o ,
vendor s would insert p i e c e  p a r t s th a t w e r e
k n o w n , or s u s p e c t ed t o h a v e  a l i f e  of  m o r e
t h a n  o n e  ( 1)  y e a r , b u t  l e s s  t h a n  e i g h t e e n
( 1 8)  m o n t h s .  T h i s  w a s  t h e  c a s e  w h e n  w a r r a n t i e s
w e r e  o f  one  ( 1 )  y e a r  d u r a t i o n  ( 1 7 : 2 ) .

* 
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In  o r d e r  to  a s s u r e  r e a s o n a b l e  s u p p o r t  c o s t s  f o r

their newl y acq uired 747s , Pan American was will i n g  to

p a y  t h e i r  v e n d o r s  a f i x e d  a m o u n t  p e r  f l y i n g  h o u r  to  p a s s

t he r i s k  o f  h i g h support costs. Pan American , i n e x e r c i s i n g

their concept of “ total product support ” , i n c e nt i v i z e d

t h e i r  s u p p l i e r s  t o  b u i l d  i n  r e l i a b i l i t y  a n d  to  i m p r o v e

r e l i a b i l i t y  t h r o u g h o u t  t h e  d u r a t i o n  of  t h e  w a r r a n t y .

T h i s  b e n e f i t e d  t h e  s u p p l i e r  b y a l l o w i n g  h i m  t h r o u g h  r e l i - .

a b i l i t y  i m p r o v e m e n t s  t o  r e d u c e  h i s  own s u p p o r t  c o s t s  a n d

e v e n tu a l l y p ocket the remainder of the fixed product support

p r i c e .

By 1 9 7 3 , Produc t Support A g r e e m e nt s , t e n d e r e d  b y Pa n

A m e r i c a n , i n c l u d e d  MTBF guarantees. The guarantees provided

that specified MTBF 5 would be achieved b y the  end  of  no r m a l l y

f i v e  ( 5 )  y e a r  w a r r a n t y  p e r i o d s .  I f  guaranteed MTBF5 were

no t achieved then vendors would have to provide additional

spares and reliabili ty modifications at no c o s t  to  P a n

A m e r i c a n .  G e o r g e  E .  H i l l e r , P r o j e c t  M a n a g e r  f r o m  P a n  Am e r i c a n ,

r e p o r t e d :

R e l i a b i l i t y ,  t h e  r e a l  r e s u l t  of t h i s  p r o g r a m
h a s  a l w a y s  b e e n  i m p r o v e d  .... ( 1 7 : 5 ) .

The  N a v y  E x p e r i e n c e

P r i o r  to  1 9 6 7 , L e a r  S i e g le r  I n c  ( L S I )  h a d  b e e n  u n d e r  a

cost contract for some years to the U . S .  N a v y  to  repair

CN 994A/AJB—3 gyroscope p l a t fo rms u s e d  in  N a v y  A— 4 Skyhawk

and F—4 Phan tom aircraft. Payments were based on

n e g o t ia t ed ra t es f o r  l a b o r , o v e r h e a d , p r o f i t , e tc.

12 
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I n  o r d e r  to  a s s u r e  r e a s o n a b l e  s u p p o r t  c o s t s  f o r

-
‘ th e i r  n e w l y a c q u i r e d  7 4 7 s , Pan American was willing to

p a y  t h e i r  v e n d o r s  a f i x e d  amount per  f l y ing hour to pass

t he r i s k  of  h i gh support costs. Pan American , in e x e r c i s i n g

their concept of “ total product support ” , i n c e n t i v i z ed

th e i r  s u p p lie rs to build in reliabilit y and to improve

r e l i a b i l i t y  t h r o u g h o u t  t h e  d u r a t i o n  o f  t h e  w a r r a n t y .

T h i s  b e n e f i t e d  t h e  s u p p l i e r  b y a l l o w i n g  h i m  t h r o u g h r e l i —

a b i l i t y i m p r o v e m en t s t o r e d u ce h i s  own s u p p o rt cos t s a n d

even tuall y p o c k e t the re m a i n d e r of the  f i x e d  product support

p r i c e .

By 1 9 7 3 , Pr oduct Support Agreements , t e nd e r e d  b y P an

American , incl uded MTBF guarantees. The guarantees provided

that specified MTBFs would be achieved oy the end of normall y

five (5) year warra nty periods. If g u a r a nt eed  M T B F s  we r e

not achieved then vendors would have to provide additional

spares and reliabili ty modifications at no cost to Pan

American. George E. Hi l ler , P r o j e c t M a n a g e r  f r o m P a n Am e r i c a n ,

r e p o r t e d :

R e l i a b i l i t y ,  the real result of this program
has always been improved .... (17:5).

• The Navy Experience

P r i o r  t o 1967 , L e a r  S i e g ler Inc (LSI) had been under a

c o s t  contract for some years to the U.S. Navy to repair

CN 9 9 4 A / A J B — 3  g y r o s c o p e  p l a t f o r m s  u s e d  in  N a v y  A — 4  Sk yh a w k

and F—4 Phantom aircraft. Payments were based on

n e g o t i a t e d  r a t e s  f o r  l a b o r , o v e r h e a d , p r o f i t , e t c .

12
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In  1 9 6 7 , LSI proposed a new concept which included

a f i x e d  price for ove rhaul of the gyroscopes over a long

term operating period. The concept was called a Failure

F r e e  Wa r r a n ty ( F F W )  ( 7 , 2).

T h e  N a v y  ac c e pte d the L S I  o f f e r an d es ta b l i sh e d

a warranty for 1500 field ho urs over a five year pe riod for

800 gyroscopes. The experience was so successful that the

c o ntr ac t w a s  re n e w e d  in  J u l y 1 9 7 3  f o r a n ad d i t i on a l  1 5 0 0

f i e l d  ope r a t i n g hours and six years (7:5). Ac c o r d i n g

to A v i a t i o n  Week and Space Technology ,

Over ...(the fi rst) five year period , the gy ro
p la tform experienced a 33% increase in mean—time—
between—failure and a 40% redu c t i o n  in unit
re pair cost ....Both the Navy and Lear Sieg ler
were pleased with the contract arrangement
( 9  : 5 1 )

T h i s  N a v y  e x p e r ie n ce , under the guidance of Mr. Oscar

S. 
M a r k o w i t z f r om t he  N a v y  A v i a t i o n S u p p l y O f f i c e , was the

first DoD app lica tion of a r e l i a b i l i t y  warranty. The

improvements in re l i a b i l i t y  and cost savings generated a

• g reat deal of interest within the Department of Defense.

In 1969 , the Air Force let a contract with LSI for

the F — i l l  Disp l a c e m e nt G yr o w h i c h  i n c l u ded  a F F W  f o r  3 ,000

Elapsed Ti me Indicator (ETI) hours or five years , which-

ever occ urs first. This contract is discussed in

• de tail in a fo l l wing section ,f this report.

12 ,4
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De partment of Defense Trial Use of RIW

The Department of Defense was not overl y enamored

b y the term—Failure Free Warrant y—since the term imp l i e d

there would either be no failures or that the warrant y

w as f r e e  — h i g h l y d e s i r a b l e , b ut improbable goals. Since

the major thrust of the contractural method was to i n i t i a l l y

b u i l d  in h i gh r e l i a b i l i t y  and improve r e l i a b i l i t y  during an

i n i t i a l  period of operational use , the term R e l i a b i l i t y

Improvement Warranty was preferred and eventuall y adopted

(15:18).

In August 1973 , the Assis tant Secretar y of Defense

(Inst a l l a t i o n s  and Log i st i c s )  d i r e c t ed the  t r i a l  us e of

warranties b y the  Se rv i c e s  “in the ac quistion and i n i t i a l

operational support of a number of Electronic Subsystems. ” (24:1)

Ai r Fo r ce G u i d e l i n e s  f o r  A p p l i c a t io n of R I W

In  r e s p o n s e  t o the  DOD d i r ec t i o n , the  D i r e c t o r a t e o f

P r o c u r e m en t P o l i c y ,  Hq U S A F , p ub l i s h e d  “ In terim R e l i a b i l i t y

Improvement Warranty (RIW) Guidelines ” , in J u l y 1974. The

• p u b lication described the RIW objective as follows:

The  e s s e n c e  o f  th e  R I W  p h i l o s o p h y is that during
the  p e r i o d  of  wa r r a n t y c o v e r a g e , f or a f i x e d
p r i c e , con tractors w i l l  be encouraged to improve
the reliabilit y and to reduce the repair costs of
t h e i r  e q u i pment throug h the mechanism of ‘ no cost ’
(to the Government) Eng i n e e r i n g  C h a n g e  P r o p o s a l s
(ECPs)....once a fixed price is es tablished for the
RIW the actual profit realized b y the con tractor
i s dependent upon the equipment ’ s r e l i a b i l i t y
a n d  m a i n t a i n a b i l i t y ,  in—service use , p l u s a n y
imp rovements that he can make in its r e l i a b i l i t y
and main t a i n a b i l i t y  so as to keep the number
and cost of repairs as low as possible.
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An R IW becomes a c o n t r a c t i n ~’, t e c h n i que b y
w h i c h  the g o v e r n m e n t  d e r i v e s  the b e n e f i t s
of i m p r o v e d  r e l i a b i l i t y  and m a i n t a i n a b i l i t y
for each a d d i t i o n a l  d o l l a r  that the c o n t r a c t o r
earns. ” ( i t a l i c s  added) (21:4)

This a p p r o a c h  is grap h i c a l l y p o r t r a y e d  b e l o w  (l:~~— 2 1 ) ;

• Effect of Reliability on
Initial and Support Costs

Total 41/

Contractor~4~ ’.f

- 

\ I P r o f i t A e
7

~~~~~

\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~
. 7

j~~~øI.~~~~~~~~~~ SuPPort Cost

• I ~1 I
2-  3*. 4 11

Reliability (MTBF)

The h o r i z o t a l  dashed line r e p r e s e n t s  the pr i c e  on a

f i r m f i x e d price c o n t r a c t .  The d e s c e n d i n g  dashed l i n e

i n d i c a t e s  that with increasing r e l i a b i l i t y ,  c o n t r a c t o r

(and e v e n t u a l l y g o v e r n m e n t )  s u p p o r t  c o s t s  decrease. This

i ncrease in r e l i a b i l i t y ,  however , is at an increase in

i n i t i a l  c o s t  (ascending s o l i d  line). The c o n t r a c t o r  is thus

inc e n t i v i z e d  to work to w a r d  the m i d d l e  of the t’” shaped

c urve t ) m a x i m i z e  p r o f i t s .  This is achieved b y c o n t i n u o u s

14
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trade — of fs between the cost of includin g a r e l i a b i l i t y

im p r o v e m e n t  and the overall reduc tion in support costs

to the contractor d ’t ring the remainin g period of the

warranty. The government , as  an in te res t e d b ysta nder ,

-
~~ receives a system wit h an optimum balance between i n i t i a l

costs and support costs (1: 8—21).

By far , the most important part of the Air Force 1974

P.1W Guidelines was the section pertaining to RIW application

cri teria (21:9—il ) .

——— the RIW approach would be in order for
eq u i p m e n t tha t h a s a l ow  re l i ab i l i t y as
well as a poten ’ial for further r e l i a b i l i t y
gr owth. If there is room for r e l i a b i l i t y
growth , the incentive feature of a RIW

- • 
provision will have a greater affect on
ind ucing growth.... Decision for RIW
app l i c a t i o n  sho u ld  be m a d e  as e ar l y as
possible in the a c q u i s i t i o n  cycle. The
contractor must know earl y in the design
phase tha t there may be warranty require - .
ments so that he can make important tradeoffs.
The following c riteria may be  u sed  f o r

-. s e l e ct i n g eq u i p m en t as  po t en t i a l  c a n d i d a t es
- . f or R e l i a b i l i t y Imp rovement Warrant y coverage.

T h e s e  c r i t e r i a  m a y  be u s e d  f o r  s y s t em s , sub-
systems , u n i t s , subunits , or even modules.

• (a) A warran ty can be obtained at a price
commensurate with the contemp l a t ed
v a l u e o f  the  w a r r a n t y w o r k  to be

• acco mp li shed.

(b) Modera te to hi gh initial support
cos ts are involved.

(c) The eq ui pmen t is readil y transport-
able to permit return to the vendor ’ s
p l a n t or , al te r n a t i v e l y ,  th e  eq u i p m e n t
is one for which a c o n t r a c t o r  can
provide field se rvice.

15



( d )  T h e  eq u i pment is g enerall y self—
contained , i s  g en er a l l y immune from
f a i l ur es i n d u c e d  b y outside u n i t s ,
and has readil y ide n t i f i a b l e  f a i l u r e

- 
- c h a r a c t e r i s t i c s .

(e) The equi pment a p p l i c a t i o n  in terms
of expected operatin g time and the
use environment are known .

( f )  Th e eq u i pment is s u s c e p t i b l e  to being
c o n t r a c t e d  for on a fixed price ba sis.

(g) The c o n t r a c t  can be s t r u c t u r e d  to
p ro v i d e a wa r r a nt y per iod  of  s e v e r a l
years. This should allow the contrac tor
s u f f i c i e n t  ti me to identif y and analyze
f a i l u r e s  iii order to permit r e l i a b i l i t y
and m a i n t a i n a b i l i t y  improvements.

(h) The e q u i p ~~~nt has a potential for both
r e l i a b i l i t y  gr~~w th and reduction in
r e p a i r  c o s t s .

(i) P o t e n t i a l  c o n t r a c t o r s  indicate a cooper—
- - ative a t t i t u d e  toward acceptance of a n

R I W  p r o v i s i on a n d  e v a l u a t i o n  of i t s
e f f e c t i v e n e s s.

( j )  A s u f f i c i e n t  q u a n t i t y  of the equi pment
is  t o be  p roc ur ed in  o r d e r to m a k e  the
RIW cos t effective.

( k )  The  eq u i pmen t is of a configuration that
- d i s c o u r a g e s  un a ut h o r i z e d  f i e l d  re p a i r ,

p referably sealed and capable of containing
an E lap sed Time Indicator (ETI) or some
other means of usage control.

( 1 )  The re is  a r e a s o n a b l e  d e g r e e  of  as su r an ce
• tha t there will be a hi gh u tilization of -

t he  eq u i pment.

(m) The equipment is one that permits the
con tractor to effect no—cost ECPs subsequent
to the Goverment ’ s approval.

(n) Fail ure data and the intended operational
u se da t a c an be f u r n i sh e d  t he  co ntr ac t or
f o r  the p r o p o s e d  co nt r a c tu a l  pe r i o d  a n d
up dated p e r i o d i c a l l y  d uring the term of
the contract.
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The gu i d e l i n e s  cave ated the criteria b y stating that

eq u i pment did not have to meet all criteria in order to

a p p l y an RIW. Na tura l l y, t h i s  h a s  cau s e d a g r e a t d e a l  o f

controversy and suggested warranty app lic ations have

included spectrum of systems rang i n g  in  co m p l e x i t y from

a h y draulic pump to an entire a i r c r a f t  weapon system

(9 :57) (10:1).

The  A i r  F o r c e  G u i d e l i n e s fo r R I W  a pp l i c a t i on  we re

mirrored in an Assistant Secretary of Defense (I&L) Action

Me m o r a n d um w h i c h  d i r e c t ed the  S e r v i c e s  t o un d e r t a k e  t he

- . trial use of RIWs in the “Elec tron ic System/Equi pment Program .”

The  m em o r a n d u m s t a t ed p o l i c y  f o r  f u n d i n g R I W s  a n d

es tablished essential elements in c o n t r a c t u r a l  RIW clauses ,

procedur es for the determination of RIW cost effectiveness

a n d  m e th o d o l o g y  for evaluation of P1W app licatio ns (25: 1 ,2).

17
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S E C T I O N  1111

S p e c i f i c  A p p lica tions of RIW and Lessons Learned

- • 
F — I l l  Rep l a c e m e nt C y r o

An e x a m p le of an Air Force application of a R e l i a b i l i t y

Im p r o v e m en t W a r r an t y is the F — I l l  Rep lacement Gyro c urrentl y

under contract to Lear Sieg ler Inc (LSI).

I n i t i a l l y ,  the F — I l l  was equi pped with General E l e c t r i c

attitude and reference systems of which the main component

is  t he d i s p laceme nt gyro. These gyros had been procurred

fro m General Ele c t r i c  on a sole—source ne gotia ted basis.

In 1969 , i t was  de t e r m i n e d  tha t an a d d i t i ona l b u y of  332

- . 
units would be on a multi— year compet itive basis and include

a five year wa rranty , for reliabili ty improvement. Two

contractors , General Electric and Lear Sieg ler , r e s p o n d e d

of the 25 s o l i c i t e d .  Lear Sieg l e r  was  eve ntu a l l y a w a r d e d  th e

con tract (No F33657—69—C00662) and delivery of the units

star ted in May 1971. Onl y 128 g y r o s  we r e ac tu a l l y proc ured.

Delivery was co mp le t ed in M a y  1972. The wa rranty called for

f i v e  y e a r s  o f  s e r v i c e  ( b y un i t ) or 3 ,000 ETI hours which

ever occ urred first.

A si gnifican t savings on the initial procurement ,

in rela tion to previous General Electric units , was

realized. LSI gyros were procured for $9 ,550 per unit vs

$ 1 4 ,696 per uni t (GE), a savings of 37%. The warran ty

p urchased for the gyro was $2 ,200 per uni t which spread over

five years equates to 7% (per annum) of the a c q u i s i t i o n

price (17 :9—7).

18
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The  d i s p lacement gyro meets all of the general

g u id e l i n e s l a i d  d o w n  f o r  a p p lica tion of R I W  w i t h  the

-

. 
excep tion that 126 u n i t s  did not appear to be a s u f f i c i e n t

number to make the RIW cost effective. In fact , L S I ,

in r e s p o n d i ng to the Request for Proposal (RFP) had

-~~ p lanned on s u p p o r t i n g  332 unit s  on an assembl y l i n e b as i s ,

but the buy was reduced to 126 causing LSI to utilize a

s h o p  r e p a i r m e t h o d  i n s t ead  o f a s sem b l y l i n e  p r o c e d u r e s

w h i c h  th e y  had costed in their pr oposal . Th e change in

- 
g yr o h a n d l i n g  p r o c e d u r e s  res u l t ed on v e r y  h i gh turn—around

times averaging 80 days as compared with similar equi pment

averaging 13 d a y s v i a  as sem b l y line repair (22:1).

- 

:
_ _ _ 

~ro je cted F — l l l  fly i n g  hours were curtailed during

: the p e r i o d  o f w a r r an t y w h i c h  ca u sed  l o w  ut i l i z a t i o n  ra te s

of LSI units. The abbreviated failure history and

res ulting analysis for the initial period of warran ty made

— it d i f f i c u l t  for the contractor to initiate eng ineering

— changes to improve reliability. LSI had estimated costs

based on achieving a 1500 hou r MTBF but achieved onl y

approxi mately a 1 ,000 hour MTBF. To further com p l i c a t e

L S I ’ s p e r f o r m a nc e , there were no economic escalation

fac tors in the contract. (14)

Wi th regard to increasing r e l i a b i l i t y ,  many sources

co mpare the LSI gyro favorably to the CE unit and show a

reliabili ty growth to the last reported (15 Jul y 1 9 7 6 )

19
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MTBF of 995 h ours as comp ared to 860 hours for the GE units.

(1:9—8) (22 :1) (14). The LSI gryo experience d an active

decr ease in MTBF dur ing the warranty perio d notwithstanding

ten eng i n e e r i n g  c h a n g e s  m ad e s o l e l y to increase r e l i a b i l i t y .

The  f o l l o w i n g F — I l l  r e l i a b i l i t y  p ic t o r al  is  de r i v e d  f r om L S I

Semiannual and Annual Warr ant y Effec tivenes s Reports (26:1—4 ).

-- 

DISPLACEMENT GYRO RELIABILITY HISTORY
- UNDER RELIAB ILITY IMPROVEMENT WARRANTY

1 1 5 i 1  H R S

-
• 

Q 5 0  HRS ~~~ • . . .• • • • • •  

1974  l 9 7 ~ - 19 7 6

DATE OF OBSERVATION
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It is no t clear what caused this decline in MTBF ,

w h e th e r i t res u l t s f r o m s tat i s t i c a l  a n a m o l i e s , or pre m ature

gy ro wear out (22:2) (14).

A nothe L d i f f i c u l t y  encountered with the F B — l l l  RIW

experience is tha t as individual units reach limits of

warranty there was no clear cut date that organic support

must take over . For tha t reason and because spares , da t a ,

and  g r ou nd tes t eq u i pment are not purchased simultanousl y w i t h

the initial procurement , this t r a n s i t i o n  to organic support is

somewhat of an afterthoug ht and is not g iven the p l~~~ ii n g and

p ro g r a mm i n g  em p hasis that the i n i t i a l  p r o c u r em e n t  is given.

In the F — l l l  gyro case a t r a n s i t i o n  to o r g a n i c  support was

se t f o r  26  Nov  76 , h o w e v e r , due to lack of s u p p o r t  p l a n n i n g

- - 

the Air Force failed to long lead the data p r o c u r e m e n t  and

an ex t e ns i o n  of  co nt r a c tor s u p p o r t c~as in effe ct at the

da te of this writing (14).

A R N — l i R  TACA N

The most useful examp le of the c u r r e n t  app l i c a t i on of

RIW is the AR N—l l8 (V) TACAN . A TACAN is an airborne

e l e c t r o n i c  n a v i gati on device which i n d i c a t e s  bearing and slant

range to a sele cted ground station . It fi ts the general

guideli nes for RIW app lica tion as the TACAN is composed of

two “black boxe s” and fa ults can be easil y t raced to the basic

2 1

I

~~~~~
.• —

~~
---• -

~
--- 

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

~~~~~~~~~~~~ 
A 

- - 
~~~~ ~~ 

- 

-
~~



units. In the Air Force the number of units i n s t a l l e d  may even-

tua l l y ex c e e d  8 ,500 so a n y  s i g n i f i c a n t i n c r e a s e  i n r e l i a b i l i t y

w i l l  h a v e a c o r r e s p on d i n g  dec rease in operations and support

costs and manpower (10:51).

T h e  A i r F o r c e ’ s most predominant TACAN sets were the

AN/ARN 21/52/65/T2 which have been experiencing a MTBF of

• less than 100 hours (3:8—1). Because of the low reliability

of the TACAN and a need for smaller units in follow—on

a i r c r a f t , RFP5 were released in mid 1972 requesting b i d s  fo r

a d e v e l o p m en t a l  s o l i d  s t a t e T A C A N  t h a t c ou l d be  p r oc u r e d

with either a Target Log i stics Support Cost Clause or organic

maintenance to be used with a R e l i a b i l i t y / I m p r o v e m e n t

Warrant y (3:8—2).

D e v e l o p m en t awa r ds  we r e m a d e  to C o l l i n s R a d i o  a n d  t o

General Dyna mics Electronics (10:51). A f t e r  t h e  c o m p l e t i o n

of developme nt , an  R F P  w a s  i s su ed f o r  p r o d u c t i o n  a g a i n

r e q u e s t i n g b i d s  p r i c i n g for bo th the Target Logistic Support

Cos t and  an R I W  wi th an N T B F  g uarantee. Collins won

the production contract , in c l u d i n g  a p r o v i s i o n f o r  R I W

wi th MTBF guarantee , in  J u l y 1975 (10:52).

It is important to reiterate that the RIW provision

w a s  o p e r a t i ve  th r o u g ho ut the  d e s i gn and  d e v e l o p m en t of th e

T A C A N  a n d  t h e o r y  p r e v a i l i n g ,  th e  i n i t i a l  p r o d u c t i o n  m o d e l s

s h o u ld  h a v e  de m o n s t ra t ed an i n i t i a l l y  h i g h r e l i a b i l i t y co m pa r ed

wi th older systems. Other RIW provisions included options

for ex tension beyond the four year warranty period , a maxi m um

2 2
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Turn—Around Time (TAT) o f  15 da ys , a M T B F  g u a r a n te e of 500 ho u r s

fo r the period of 22 to 33 months after contract award ,

inc reasing to 625 hours and finall y to 800 h o u r s d u r i n g  the

46 to 69 m o n t h  p e r i o d  a f t e r  a w a r d  (14:31). Collins will

have to provide a d d i t i o n a l  spare units if the r e l i a b i l i t y

objectives canno t be met (18:1—1).

A R I N C , a subsidiar y of Aeronautical Radio , Inc., w a s

p l aced under contract to obtain reliabilit y data from

initial installations of the ARN — 1l 8 and has submitted

two formal reports , the latest of which was published in

D e c e m b e r , 1976. This data , thoug h i n c o m p l e t e in so m e a r ea s ,

is the first operational reliabilit y da ta indicatin g the

po tential pay—off of the A R N — l l 8  RIW provision (5:3).

E v e n  t ho u g h so m e w h a t p r em a tu r e  in t he wa r r a n t y l i f e  of

the A R N — 1 1 8  TACAN , i t is appropriate to extract statisticall y

supportable data and to draw some subjective conclusions

b a s e d  o n t h e  A i r  F o r c e ’ s ea r l y experiences wi th the units.

The  t es t pe r i od  c o v e r e d  b y the ARI N C report be gan with

Ini tial Operational Test and Evaluation in January 1976

( w h i c h  w a s  co m p le ted on 30 April , 1976) and con tinued

throug h 31 Oc tober 1976 (5:3). During the ten months of

data collection , 57 T A C A N  u n i t s  a c c u m u l a t e d  o v e r  15 , 000

o p e r a t i o n a l  ho u r s  a t th r e e  d i f f e r e n t ope r a t i n g  l o c a t i o n s

( 5 :3 , 1 7 ) .
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Da ta c o l l e c t e d  during this i n i t i a l  operational life

of the A R N — 1 1 8  i n d i c a t e s  a cu m m u l a t i v e  Mean Time Between

Ven der V e r i f i e d  Repair Events (MTBVRE) of 657 hours (5:9).

The below char t summarizes the r e l i a b i l i t y  da t a f r o m th e

A R N — 1 1 8  TACAN du rin g June through October 1976 (5:14).

ARM 118 TACAN
MEAN TIME BETWEEN VENDER REPM R EVENTS (~1TBVRE)

CY 1976
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It is si g n i f i c a n t  to note that there was onl y o n e

instance of a good A R N — 1 1 8  TACAN u n i t  bein g sent to the

m a n u f a c t u r e r  out of 24 u n i t s  returned for repair (24:28).

Thi s 4% false alarm rate is si gnificant since the w a r r a n t y

c o n t a i n s  p r o v i s i o n  for the government being charged if the

rate exceeds 3O~’ (10 :52). An underly ing fa ctor which may

have been i n f l u e n c i a l  is that the m a n u f a c t u r e r  had a

• r e p r e s e n t a t i v e  at each of the three bases using the

TACAN whic h may tend to i n v a l i d a t e  any projected false alarm

rates from this data (14). in fact , a close scrutiny of

co m p l a in t s b y ope rators and “could not dup l i c a t e ” m a i n t e n a n c e

ac tions indicated a basic unfamiliarity with the modes of

opera tion of equipment which would tend to generate a hi gh

false ala rm rate. The contribution b y the pr esence of the

contractor is unknown but expected to be hi gh (5:19).

The improvement in r e l i a b i l i t y  f rom a M T B V R E

o f 180 h o u r s  in  J a n u a r y  1 97 6  to 6 5 7  h ours i n Oc t o b e r  1 9 7 6

should not be totall y attributed to a growth in r e l i a b i l i t y

b ut p a r t i a l y as a result of the system ma turing.

In this a u t h o r ’ s op i n i o n , a great deal of addi tional

da t a i s  r e q u i r e d  a n d  a r e a s o n a b l e  e v a l u a t io n of  r e l i a b i l i t y

grow th can be made after two to three accumulated returns of

TACAN units to the manufacturer. At the projected u t i l i z a t i o n

rates of 68 ho urs per month and a MTBF guarantee of 800

hours , the average unit will return annuall y for repai r.

Jan uary 1979 should be an excellent data point to determine

r e l i a b i l i t y  growth of the units and full y a s s e s s  th e  ut i l i t y

of the RIW a p p l i c a t i o n .
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The c u m u l a t i v e  MTBVRE of 657 hours is p r o m i s i n g  and

indica tes a b u i l t  in r e l i a b i l i t y  which should allow Collins

to meet their i n i t i a l  r e l i a b i l i t y  window of 500 hours

- b e g inning 12 April 1977 and endin g 16 A pril 1978 (20: 3—1).

Other factors which have i n i t i a l l y surfaced as a result

of  t he T A C A N  R I W  ex pe r i e n c e  i n c l u de  a l o w er t h an e x p e c te d

ut i l i z a t io n rat e of d e l i v e r e d  T A C A N s , b a s i c  un f a m i l i a r i ty

wi t h R I W  s h i pping procedures b y field m a i n t e n a n c e  personnel ,

e x c e s s i v e  s h i pp ing times to contractor ’ s r e p a i r f a c i l i t y a nd

manufacturer ’ s t urn—around (TAT) time exceeding projections.

• Th ese factors will be discussed in the following paragrap h s

of this report section.

Utiliza tion rate of TACANs had been projected at 68

ho urs per month (18:3—9). The below chart indicates the

ac tu al  ut i l i z at i on  ( 5 : 5 ,6 ,44).

- ARN 118 UTILIZATION
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The average number of o p e r a t i o n a l  a i r c r a f t  which

u t i l i z e d  the A R N — I l S  decreased si g n i f i c a n t l y  after the c o m p l e t i o n

of IOT&E. This is p r i m a r i l y  due to the g r o u n d i n g  of 15

F — i l l  a i r c r a f t  at N e l l i s  AFB for Engine Time Compliance

Technical Orders (TCTOs) (5:6). These grounded a i r c r a f t

are not included in c o m p u t a t i o n s  of average unit u t i l i z a t i o n s .

I f  i n c l u d e d , this u t i l i z a t i o n  rate would have followed the

dotted lines after A pril 1976 and would have been roughl y

o n l y  half the planned rate of 68 hours per month .

Many maintenance and suppl y personnel were u n f a m i l i a r

wi th RIW procedures and were not certain where and how to

.3hi p the failed units even tho’-~~h each unit had been tagged

wi th d e l i v e r y  instructions (8:56). As a result , shipp ing

time to the c o n t r a c t o r ’ s r epair f a c i l i t i e s  averaged 10.9

d a y s i n c l u d i n g 9 sh i pments b y Log Air wh ich averaged 19.3

days. Conv ersel y, contractor to base shi pments averaged

- 4.5 days (5:23)

The c o n t r a c t o r ’ s TAT ave raged 17.3 days which s l i g h t l y

exceeds the sti p ula ted 15 da ys (5:30). If asse s sme n ts

h a d  b e e n  c a l l e d  a t t h i s  t i m e , th e r e  wo u l d  h a v e  b e e n  a

small monetary adjustment. The current TAT is not

c o n s i d e r e d  e x c e s s i v e , h o w eve r , w h e n  m a n y m o r e T A C A ~J

un i t s en t e r  the  i n v e n t o r y ,  the contractor may find that he

has to readjust his m a i n t e n a n c e / r e p a i r  f a c i l i t i e s  to

2 7
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accommodate the heavier than projected workload incurred

b y t he TAT.

It i s too earl y in the TACAN RIW experience to make any

h a rd  p r e d i c t i o n s  for r e l i a b i l i t y. It does appear that C o l l i n s

has an excell e n t  o p p o r t u n i t y  to meet the In i t i a l  r e l i a b ~~1 i t y

goal of 500 ho urs (9). The user could hel p ac h i e v e  h i gher

— r e l i a b i l i ty b y insuring high e r u t i l i z a t i o n  rates earl y in

the A R N — l 1 8  l i f e t i m e  in order to produce failure data that

w i l l  e n a ”-le the contractor to locate failure modes and

~~- i n i t i a t e  eng ine ering ch anges to increase r e l i a b i l i t y .  This

acti on is d e f i n i t e l y in the contractor ’ s bes t interest as it

lower s his cost for the remainder of the warranty period and

in the Air Force ’ s best interest as it produces a more mature ,

m o r e  r e l i a b l e  system — at no a d d i t i o n a l  cost.
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S E C T I O N I V

D I SC U S S I O N  O F L E S S O N S L E A R N E D

From the facts presented on the F — I l l  d i s p l a c e m e n t

gy ro and the A R N — 1 1 8  TACAN , it is appare nt that R e l i a b i l i t y

Improvement Wa r r a n t i e s  are not the complete answer to the

se r v i c e ’ s r e l i a b i l i t y  and m a i n t a i n a b i l i t y  problems. They

-
• 

do hold a great deal of promise , i f  we a p p l y the le ssons

le a rned from the previous app l i c a t i o n s  of warranties.

Improvement of Testing Standards

The most direct answer to r e l i a b i l i t y  s t a n d a r d s  is to

improve t e s t i n g  to make it as represe ntative of the operational

e n v i r o n m e n t  as possible. It ma y well be worth the i n i t i a l

• outlay of resources to build the necessar y testing facilities

and pr o v i d e  t h e  ea r l y fa i l u r e  data when most eng ineerin g

changes can be made on paper and not require removal and

m o d i f i c a t i o n  of o p e r a t i o n a l  systems. Such improvements in

• t e sting s t a n d a r d s  would be complementary to fine tuned

r e l i a b i l i t y im p r o v e m e nt s w h i c h  a p p e a r  to be ac h i e v a b l e

throug h R I W  procurements.

E n c ou r age A p p l i c a t i on of  T e c h n o l o g y

T o w a r d  I m p r o v e m e nts i n R e l i a b i l i t y

It wa s stated e a r l i e r  in this report that the second

c au se o f  poor r e l i a b i l i t y  h a s b e e n  t h e  Se rv i c e ’ s failure to

emp hasize the r e l i a b i l i t y  r e q u i r e m e n t  while push in g the state—

of—th e—art to achieve new levels of m i l i t a r y  c a p a b i l i t y .
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The Rl~ p r i v i s i i n  has been shiwn ti i n c e n t i v i z e  the c i n t r a c t i r

ti balance the system , app l ying advances in t e c h n i l i g v

tiwa rd r e l i a b i l i t y  i m p r iv e m e n t  as well as increases in

c a p a b i l i t y .  Direct pressure has been br iught ti bear in

th i se t e c h n i c a l l y tiugh r e l i a b i l i t y  pr iblems as they iccur

in in—g i ing pr igram s. This has been dine thr i ugh the A i r

Firce ’s PRAM pr a gram. The acr in ym is an ex p r e s s i i n  if the

A i r  F ar ce ’ s intent ti p lace ma jir emp ha sis in P r i d u c t i v i t y ,

R e l i a b i l i t y , A v a i l a b i l i ty, and M a i n t a i n a b i l i t y  if A e r a n a u t i c a l

Systems and Equipment. The prigram has a stated intent t i :

i d e n t i f y v a i d s  in current pr a grams that
c iuld c in t r i b u t e  ta d iwnstream r e l i a b i l i t y  and -

m a i n t a i n a b i l i t y  pr iblems and either t i  take
c rrec t ive acti ari ir rec immend ti hi gh e r
auth i rity th a se a c t i a n s  that sh iuld be taken
. .strategic investments can be made which will
accelerate te chn il ig ies that are needed t i  make
things last linger and cast less. . . PRAM
is nit just a ‘di better ’ c halleng e ti  the
Ai r Firce but a very p i sitive , d e d i c a t ed a n d
det ermined decisi in t i  di simething niw ab a ut -

• r eversing a trend that in the very near future
ci uld limit the ap e r a t i a n a l  e ffective s s if the
Uni ted States Air Farce (16:2).

Impr aved testing and res aurces directed at hi gh pay— a ff

areas if r e l i a b i l i t y  im pr vement ciup led wi th the RIW appr ia ch

ci uld s y n e r g i s t i c a b l y y i e l d  s i g n i f i c a n t l y  m r e  r e l i a b l e

systems.

D i f f i c u l t y i n P r i c i n g R I W s

Bath the F — l l l  Disp lac ement Cyri and the A R N — 1 l 8  TACAN

pr i curements discussed in this rep i rt q u a l i f y against all

the p p ular tests fir RIW app lica t i i n .  Success in these
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a r e a s  should not be a p p l i e d  too lib e r a l l y to other systems

wi thout full c ognizance of the d i f f i c u l t y  in projecting

and p r e d i c t i n g  f a i l u r e  rates and the potential for r e l i a b i l i t y

improvements. This d i f f i c u l t y  makes it almost impossible

to cost out a RIW provision. Improved testing under r e a l i s t i c

• o p e r ational c o n d i t i o n s  as previously recommened could

produce more r E l i a b i l i t y  failure data and reduce the wide

c o n f i d e n c e  interval of achievable failure rates. The

incentive to improve testin g in development is operative

when the c o n t r a c t o r  expects a procurement warranty to be

a p p l i e d .  In order to adequatel y price out the cost of an

RIW wit h a guaranteed MTBF such as the A R N — 1 1 8 , the contractor

must estimate the cost of a reliability improvement from a

p rojected r e l i a b i l i t y  baseline. A t best , this will be a

gross estimate , h o w e v e r , th e  r a n g e  c a n  be c o n s i d e r a b l y

n a r r o w e d  i f  t he  co ntr ac t o r h a s  a h i g h co n f i d enc e in  a

pr ojected failure rate derived from realistic testing

environments.

Maj Gem W .R . Nel son , Director of Maintenance , Eng i n e e r i ng

• an d S u p p l y ,  Deputy C h i e f  of  S t a f f , Sy s t em s and L o g i s t ic s ,

HQ (JSAF , in a co mment to the Societ y of Logistics Eng ineers

on 16 D e c e m b e r  1 9 7 6  r e f e r r ed t o the  p r o b l e m of  R I W  pricing

b y sa y i n g :
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.1 am somewhat surprised in d i s c u s s i o n s
with members of i n d u s t r y ,  to find that the RIW

-• is perceived more as a threat than a business
opportunit y. Ty pi c a l l y, the major concern
appears to be with the m a g n i t u d e  of risk that
RIW poses to the firm and with means to pass
that cisk back to the government or to sub—ties
vendors. This concern is reflected in the risk
premiums contained in the warranty p r i c i n g .  In
some instances , t he  r i s k  premiums have been so
excessive as to negate any utility in choosing the
RIW ap proach (i3:12 ).

M aking the Warranty Wo r k

As users of warranted equipment , we need to take more

posi tive action to assure that the equi pment is utilized at

h i gher rates in order to pro duce failure histories. Even

thoug h wa rranty contracts can contain provisions similar

to that for the ARN —l1 8 TACAN which recompensate the

government if systems are underutilized , i t is in the  S e r v i c e ’ s

bes t interest to have r e l i a b i l i t y  improvements made. The

potential pr ob l e m i s  a l w a y s  the r e , even with an MTBF guarantee

that the c o n t r a c t o r  will swallow , throug h i n c r e a s e d  r e p a i r

-
~~ c o s t s a n d  pr ov i s i o n of  a d d i t i o n a l  p ip e l i n e spa r es , a r e l i a b i l i t y

pro ble m identified late in the warrant y pe riod. Furthermore ,

w h e n g i v e n  the  ch o i c e , a warranted unit should not be idle

when an unwarranted unit is in service. Earl y r e l i a b i l i t y

• fail ure data is the internal lever of the RIW provision

w h i c h  s t ar t s the c o r p o r a t e w h e e l s  tu r n i n g  to w a r d  an e v e nt u a l

e n g i n e e r i n g  fix. No twithstanding the fact that war :anties

m a y  e x p ire on underutilized units with many ho u r s of

w arr a n t y  operation remaining, the data is lost for follow—on

bl ocks of the same unit.
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Strateg i c C on s i d e r a t i ons a n d  t h e S w e d i sh A n s w e r

The most troubling question to be answered s t i l l  lies

-
. w i t h  the limitation that contractor support induces if

m i l i t a r y  equi pment is utilized at wartime rates from dep l o y e d

loca tions. Many add i t i o n a l  p i peline spares would be required

beca use of the extended limes of communication and the

d ependence on the manufacturer ’ s r epair facility and technicians

fo r trouble shootin g. Procedures need to be developed for

estimating these requirements and the production warranty

c o n t r a c t s h o u l d  a s s u r e  a d e q u a t e p i peline sp ares are available.

The other side of the strategic question centers around the

m i l i t a r y  concern for a non—organic maintenance c a p a b i l i t y

w h i c h  m i ght “be interr upted b y s t r i k e s , war , or o th e r

phe nomenon. ” (20: pages not numbered) The same arguments

tha t a r e u sed  a g a i n s t un i o n i z a t io n of  t he  m i l i t a r y  c a n  be us ed

a g a i n s t a m i l i t a r y  f o r c e  d e p e n d e n t on u n i o n i z e d  s u p p o rt f o r

its weapon sy stems.

T h e  S w e d i sh Ai r For c e a p p l i e d  a r e l i a b i l i t y improvement

warranty f o r a n I n e r t i a l N a v i ga t i o n  Sys t em f o r  the  S A A B  Vi g g e n

f i g hter a i r c r a f t. The Swedish approach used existing

m i l i t a r y  depo t facilities and p e r s o n n e l  un d e r  su p e r v i s i o n  of

a c o n t r a c t or  to s e r v i c e  a n d  i n c o r p o r a t e a n y  n e c e s s a r y

changes in to the inertial units. Althoug h th e  r e l i a b i l i t y

performance of the inertial p la tform has been d i s a p p o i n t i n g ,  it
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does util i z e  the same log i s t i c a l  structure and shi ppi ng

pr ocedures are used as with non—warranted items (16:1—8).

Furthermore , the Swedish concept would make the transition

from contractor to organic support (a problem in the F — I l l

d i s p lace ment gyro case) a smooth and gradual p rocess. The

S w e d i s h  a p p lication of warranty was described at the 1976

Annu a l  R e l i ab i l i t y a n d N a i nt a i n a b i l i t y Sy m po s i u m , L a s V e g a s ,

N ev a d a , on 22  J a n  19 76 a s f o l l o w s : 
-

It is based on a contractor—government partner-
s h i p. Instead of assuming that either party
is all knowi ng, it recognizes the c o n t r i b u t i o n
of each. Who better  knows the hardware than
the c o n t r a c t o r  that desi gned and b u i l t  it ?
Who better knows maintenance than the

• gove rnment depot that has specialized in this
a rt ? T h i s t ea m a p p r o a c h  is  e s s e n t i a l f or
maximum u t i l i z a t i o n  of both the contractor ’ s
a nd t h e  d e p o t ’ s talents and experience. If
such an approach were used in the United States —

15 yea rs experience in improving INS m a i n t a i n —
-

- a b i l i t y  could be utilized and shared with the
c o n t r a c t o r  ( 6 : 2 — 4 ) .

The  r e p o rt on the S w e d i s h  a p p r o a ch  f u rt h e r  s t a t e s :

The Swedish approach acco mp l i s h e s  eve r y t h i n g  the
- •  

RIW does and more. Their warranty d e c r e a s e s  bo t h
- c o n tr ac t o r and  g o v e r n m e nt r i s k  and t a k e s  a d v a n t a g e

of  governmen t depot maintenance experience. This
app roach should be considered and compared to RIW.

• It should not be rejected out of hand (6:2—5).

Insufficien t information exists to categorically state that

t he S w e d i s h  e x a m p le sho uld be applied within the U.S. It

m a y  be possible and even beneficial in a limi ted number of

uni que cases to service a warranty through the m i l i t a r y

34
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d e p o t .  T h e  approach defi n i t e l y dese rves further and deeper

inves tig a t i o n  than the scope of this report allowed.

Other Lesson s Learned

The A R N — l 1 8  RIW experi ence demonstrated a lack of

understanding on the part of field maintenance and suppl y

personnel on the uni q u e p r o c ed ur e s  r e q u i re d in h a n d l i n g

uni ts under warranty. Special procedures need to

be em p h a s i z e d  wi th a p p r o p r i a t e i n c r e a s e s  in p r i o r i t y for

ha nd l i n g  a n d  s h i pp i ng approved and marked on the ex teri or

of warran ted units. Such p r o c e d u r e s  co u l d  be  s ub j e c t t o

inspec tion during unit evaluations.
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S E C T I O N  V

C O N C L U S I O N S

SUMMARY

In  i nv e s t i gating the causes of poor r e l i a b i l i ty.

tracing the evolution of corrective instruments , a n d

as sessing the utility of the R e l i a b i l i t y  Improvement

Warra nt y (RIW) , there is no do ubt that g iant steps have

been taken toward establishing an environment between the

g o v e r n m en t an d i t s c o n t r a ct o r s  w h i c h  w i l l  p r od uce eq u i p m e n t

wi t h h i gh e r  r e l i a b i l i t y a n d m a i n ta i n a b i l i t y tha n p r e v i o u sl y

achieveable.

In this report , i t has been shown that basic roots of

p o o r  r e l i a b i l i t y a r e  c a u s e d  b y :

1. State—of—the—art advances being generally
a pplied to greater levels of weapon c a p a b i l i t y
and no t increases in r e l i ability.

2. Develop mental and qualification testing
th a t d i d  no t r e p r e s e n t a ctu al  o p e r a t i o n a l
environme nts with the resultant d i s p a r i t y
between tes t results and operational failure
r a t e s .

3. The lack of in centive to the manufacturer
• of military equi pmen t to initiall y b u i l d  in

and later improve reliabilit y f o r  an o v e r a l l
4 red uction in Life Cycle Costs of a weapon

s y s t e m .

Along wi th other instruments , the RIW has attacked

t he b a s i c  c au ses  of  poor re l i a b i l i ty and many lessons have

been learned from on—going applica tions. The major problems

revolve aro und operational unfamiliarity with RIW procedures
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r e s u l t i n g  in pair u t i l i z a t i a n  rates , l a ck  o f p lanning far

t ransiti in to irganic suppirt , and strateg ic cin s i d e r a t i a n s

stemming frim dependence in n in—irganic sup p i r t  fir c r i t i c a l

weap an systems.

E stimating the cost if a warranty p r i v i s i i n  remains

a problem fir bath the c on t r a c t o r  and g .vernment .

The Swedi sh warranty appriach , ut i l i z i n g  m i l i t a r y

depi ts and p ip e l i n e s , ea ses the t r a n s i t i in  if a warranted

item t.o irga n ic suppirt , gives the m i l i t a r y  a basic su p p a r t

capability which c auld be expanded in case if war ir

c a n t r a c t a r  l a bar/financ i al d i f f i c u l t i e s  and e s t a b l i s h e s

a p art n e r s h i p appriach which may h a v e  h i g h u t i l i t y i f

a p p lied ju d i c i i u s l y in the United States. A d e t a i l e d

inves tigatiin if the me t h i d i l i g y  is required.

Rec ommendat i ins

RIWs have de minstrated that they di c a n t r i b u t e  taward

the overall objective if imprived r e l i a b i l i t y ,  b ith b u i l t — i n

and acq uired. An investi ga tian if current app lic ati ins has

resul ted in the filliw ing r e c om m e n d a t i a n s :

• 1. C ontinued emp hasis in the impr oveme nt of

testing and q u a l i f i c a t i a n  envir onments to sim u l a e

in as nea r as pos sible the iper a ti ina l environment

in which the equipment will ultimatel y be utilized.

2. Achieve gr~~a ter ciiperatiin from using c ommands

to e x p e d i t i a u s l y i n s t a l l  and u t i l i z e  at h i g h e r

r a t es , new eq ui pment under warranty.
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3. Educate and evaluate field maintenance and

supp l y personnel on RIW concepts and handling

procedures.

4. E sta b l i s h  hi g her pr i o r i t i e s  for shi pp ing

warranted e q u i p m e n t  to contractor ’ s r e p a i r

facili ties.

5. Ev aluate the Swedish approach to RIW with

a view to a test app lication and evaluation.

6. Con tinue to support throug h a p p l i c a t io n

o f  re so u r c e s , t e c h no l o g ic a l ad v a n c e s  i n

r e l i ab i l i t y improve ment of critical components.
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