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PREFAC E

One of the recen t attempts to use a contractual device to manage

advanced technology weapon system acquisition is the Reliability

Improvement Warranty (RIW) . The RIW’s effects on project outcomes

Jild its preferred form are still not well understood . The Department

of Defense hopes that the RIW will improve the reliability and reduce

the life cycle cost of its weapon systems . This report describes the

accumulated experience with warranties in both commercial and military

settings. It should be of interest to the development , acquisition ,

loglsticr , and contrac t ing communities of ~ll branches of the

Department of Defense.

This research was initiated by Rand , and was jointly sponsored by

two Project AIR FORCE programs: Systems Acquisition Management

(project: System Acquisition Policy Studies) and Operations and

Readiness Improvements (project: Methods and Applications of Life

Cycle Analysis for Air Force Systems).
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SUMMARY

One of the devices aimed at improving reliability of weapon sys-

tems and reducing their life—cycle costs now being studied and tested

by the U.S. Department of Defense (DoD) is the Reliability Improvement

Warranty (RIW). Under an RIW, a contractor assumes responsibility on

a fixed—pr ice basis for repairing or replacing (as he sees fit) war-

ranted units that fail during the warranty period. (A variation corn—

bines the warranty with a guarantee that obligates the contractor to

take whatever steps are necessary to meet specific reliability levels.)

This report explores the RIW concept by evaluating commercial analogs,

past DoD warranty experience, and current trial RIW applications.

In August 1974, various parts of the Office of the Secretary of

Defense requested tn —service experimentation with RIWs. At that time

military experience with warranties was scant, but commercial experi-

ence was widely regarded as promising. In fact, however , from the
buyer’s perspective commercial experience does not justify optimistic

expectations for RIWs. The purpose of consumer product warranties has

usually been either promotional or protective——they have either been

marketing tools or devices to limit liability. They rarely improved

product quality.

Commercial airline avionics, which usually carry warranties,
appear at first sight to be generally more reliable than similar equip-

ment used by the military services. However, there are too many
differences in the commercial and military worlds——e.g ., in defini-

tions, mission requirements, operat ing and support environments, and
data systems——to credit the better reliability to the warranties.

The effec t of the warranties in completed DoD programs is largely
unclear. The Navy’s APN—154 Beacon experienced improved reliability ,

but the improvement is traceable to pre—warranty redesign and exter-
nally generated component technology advancements, not to the warranty.
Another item, the Navy ’s 2171 Gyro, also improved significantly , but

such improvement may have been obtainable through effective use of

increased testing apart from the warranty program , perhaps at less cost.

In the other completed warranty program, the Air Force’s F—h i Gyro, units

H
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under warranty were more reliable than units purchased previously

without a warranty. The warranty was not clearly responsible for the

j improvement though. Because the number of warranted units purchased

was severely reduced and those that were purchased were used far less

than expected , the contractor made only one mino r design improvement

during the warranty period . The warranted unIts ’ reliabilit y is ex-

plained by their having been manufactured by a d iII e •t.i ~t .ontr ic tor

than the nonwarranted units, selected in a competitive environment ,

and subjected to substantial failure mode testing before delivery.

Although it did not conclusively prove tha t warranties were a

malor factor in the observed results, examination of the three comp leted

DoD warranty programs does permit the following observations:

o Modification after some operational use of appropriate oper-

ational testing is almost always desirable to take advantage

of field experience and advances in component state of the

art and can be promoted without a warranty.

o Implied in the above, statement is the worth of schedule

flexibility in the program to allow incorporation of test

data in the subsequent development and production process.

o To the extent that modification is envisioned or desired , it

may be valuable to involve the contractor in the initial

overhaul and repair activities so it will be better able to

formulate product improvements.

o Because the prospect for reliability growth is dimmed by

program quantity reductions and underutilizations , RIW s

should not be applied to programs subject to extreme quantity

or utilization uncertainty.

There are many current experimental applications of the R114 con-

cept , and conclusions about the value of RIWs should probably await

their results. The warranty periods of the current programs end in

the early 1980s, but possible new trial applications are still being

reviewed so the data may not be complete until the mid—1980s. More

important , expectations of the ability to draw conclusions from cur—

rent experiments may be overoptimistic. 
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t. INTRODUCTION

THE PROBLEM

In the absence of an offsetting decline in acquisition costs, the

l i fe t ime expenditure required by typical modern weapons——their h f  e—

cycle cost——has been rapidly increasing. The availability of crucial
systems is poor: FY 1976 operational readiness (OR) rates for Navy

fighters——46.5 percent f o r  the F—4 and 32.9 percent for t F—14——are

examples.1 Operation and maintenance (O&M) costs are rising: for

example, in FY 1964 , Air Force O&M costs accounted for $4 .27 billion
out of a total obligational authori ty (TOA ) of approximately $20 bil-

lion (21 percent); for F? 1978, the Air Force requested $9.8 billion

for O&M out of a requested TOA of $35.3 billion (28 percent).2

Important factors contributing to poor availability and high O&M

(or support) costs are inadequate system reliability and maintainabil-
ity. Reliability refers to the probability that an item will perform

a required function under specified conditions, without failure, for a

specified period of time.3 Maintainability refers to “the ease with

which an item may be tested, repaired , and installed.”4

‘Information submitted for the record by the Navy to the Senate
Armed Services Committee, reprinted in Aerospace Dai ly ,  28 April 1977.
The full systems capable readiness rates were 30.2 percent for the F—4
and 27.8 percent for the F—l4. Unweighted averages for the 27 air-
craft systems measured were 57.0 percent (operational readiness) and
46.8 percent (full systems capable).

2Maj. Gen. R. F. Tritnble, then Director of Procurement Policy ,
Office of Deputy Chief of Staff, Systems and Logistics, United States
Air Force , in Proceedings of Aviation Supp ly Office Failure Fre e War-
r anty Seminar, Held in Philadelphia, Penn sylvania, on December 12-is,
1973, p. 121; Lt. Gen. Alton D. Slay, Deputy Chief of Staff, Research
and Development, United States Air Force, in House Committee on Armed
Serv ices , FY 1978 DoD Appropriation Authorization, Hearing s , 95th
Cong., 1st Sess., Part Two, p. 342.

3AFM 11—1, Vol. 2.
4
Joseph A. Bizup and Randall R. Moore, Technique for  Selecting

and Analyzing Reliability Improvemen t Warranties, Naval Air Systems
Command , R—7505, June 1975 (rev. June 1976), p. 5. See also AFM 11—1,
Vol. 2.
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It is widely  believed that manufac tu re r s  pay inadequate  attent Ion

to their products ’ reliability and maintainability because most weapon

system contracts fail to burden the contractor with a major portion of

the life—cycle costs. Figure 1 Illustrates the typ ical contractua l

distribution of burdens and risks. The “cost to produce” curve repre-

sents the usua l costs incurred up until delivery of the produ ct from

the contractor to the using command (often termed “acquisition cost”).

From that point on, the buyer exclusively and explicitly bears the

costs of supporting the product .  P r o f i t  is roughly  equa l to contract

pr ice less the “cost to p roduce ,” so the incentive in this situation
is to meet only the minimum acceptable reliability l evel (p o i n t  r)

where profit is greatest .
1 Moreover , to the ex ten t  tha t  the producer

has no competition in provid ing replenishment spares and support

equip ment , he has even less incentive to achieve more than minimum

r e l i a b i l i t y .

All other things equal , improved system reliability (like improved

ma intainability) reduces support costs (see Fig. 2). If a contractor

were sensitive to both produc tion and support costs (the sum being

termed “total contractor cost”),
2 

then in theory reliability will

improve (from 1’ to r’). (Note tha t in Fig. 2 the contractor would

seek any reliability improvement intended to reduce his total costs

only when the pre—warranty reliability level falls to the left of r ’ .)
The cost to the buyer of this improvement , on the surface , will be the

amount of any negotiated upward adjustment of the contract price (the

difference between p* and p) necessitated by the redistribution of

burden and risk.

Although the U—shaped total contractor cost curve is commonly

accepted as ~: simp lified but valid description of the reliability

incentive inherent in a fixed price warranty, it is not the only

tTwo caveats must be mentioned . Fir st , this of cour se desc r ibes
an environmen t of fixed price contracts. Second , it is an intentional
over s impl i f i ca t ion  of the incentive mechanism. The role of prof i t
maximization in the defense sector is neither explicit nor un equivoca l
owing to difficulties in d e f i n i n g  p ro f i t  and the special  Importan ce of
sales and other factors in determining “maximization behavior.”

2The model in FIg. 2 tells nothing about the way an improvement
in r e l i a b i l i t y  a f f e c t s  the buy~’? ’c to ta l  costs (con t rac t  pr ice  p l u s
buye r ’s O& M costs).

- -- -- (~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
—
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Cost to Produce’

Minimum
Acceptable
Reliability

p Contract Price

Prof it

r 
REL IABI L I TY mean time between failures)

‘Curve is a frequently used representat ,ve
illustration of the positive correlation
between reliability and cos t , cetsris piribus.

Fig. I — Representative illustraflon of cost vs. reliability

r
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Mrnimum TOTA L CONTRACTOR COST
Acceptab le Relsabi lity (Cost to Produce plus

Contractor s Cos t to Support )

Negot iated Contrac t
p.

~~~~~~~~~~~~ Contr act Price (without War rant y I

Cost to Support

Expected
Improvement

RELIABILITY (mean time between failures )

FIg . 2 — Theoretical operation of reliability Improvement incentive
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possible product resulting from the summation of the cost—to—produce

and the cost-to—support curves. Depending on the slopes of these

two curves, it Is also possible to produce a total cost curve

that is horizontal , or continually rising , or continually declining

over the relevant regions. Assuming a fixed contrac t price , in the

I trat case a profit would be the same at all levels of rel iability; in

the second case max imum profit would be obta ined at the minimum accept—

able reliability ; Lu the third case maximum profit is obtained at max i-

mum attatnable reUahility. Unless the slopes of these two curves are

known , a profit—max imizing contractor ’s behavioral response to a war-

ranty would he diff icult to predict. Identification of the proper

totaL cost curve (and therefore probable contractor response) is more

difficult when the Item to be procured is still in the concept or

design stage, because the reliability and cost—to—produ ce’ or coat—to—

support relationshi ps are not known. Current efforts to encourage

reliability Improvement , which this report examines , proceed from the

mode l In Fig. 2.

RESP O~1SES TO ThE PROBLEM
Efforts to provide contractors incentives to design in reliabil-

ity and tow-cost support features generally have not been successful.

Past attempts have Included (1) inclusion of target mean time between

failures (MTBF) In performance specifications along with target unit

product ton cost goaLs , ~nd (2) solIcitation of life—cycle cost (LCC)

estimates from competing contractors to incorporate them into the

source selection decision process. The latter technique is atill In

wide use; over a dozen current Air Force programs have featured it,

including the P’—16 and the Advanced Medium STOL Transport (AIIST) . The

weakness of both methods is the absence of enforce ment features:

After the contract award to a sole source , no mechanism ensures that

the target or submitted estimates will be in fact obtained . Accord-

ingly, several of the progra ms using LCC estimates in source selection

decisions also feature one of several new contractua l incentive

provi sions.

in general , traditional contractua l incent ives, such as award

fees based on achieving acqu i s i t i on  cost ta r gets , have not had an

H
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app rec iable e f f e c t  on con t rac to r  mo t iva t i on ) A v a i l a b l e  ev iden ce
suggests that subsequent events usually influence these t y pes o f
defense incentive con t rac t s  ra ther  than being cons t r a ined  or Influenced

by them , and lead to accommodating modificatIons 01 terms. h owever ,

the Department Li I Defense has recent I y begun experimenting with t he

fo l lowing  special con t rac tua l  terms t h a t  seek to address contractor
motivation speci f ical ly to reduce support costs and imp rove pr oduc t

r e l i a b i l i t y :

1. Target Logistics Support Cost Commitment/Correction of

Deficiencies (TLSC/COD)

2. Reliability Improvement Warranty (RIW)

3. RIW with a Cuar an t ecd Mean Ti me Between F a l l  u res (R LW wit Ii

CMTBF)

Tai~ et Logistics Support Cost Commitment

TLSC/COD establishes logistics support cost (LSC) targets in the’

contract for the whole system , for a variety of subsystems , or for
f i r s t — l i n e  un i t s  (FLU s) .  Af t e r  a specif ied operating period (usua l ly
measured in operating t ime) , the LSC fo r eac h un it is meas ur ed and

compared with the target LSCS. If the measured LSC does not exceed

the target by a stipulated amount (e.g., 25 percent in the General

Dynamics F—16 contract), the contractor receives an additional cash

1Russell R. Shorey , Director of Acquisition and Support Planning ,
Office of the Assistant Secretary of Defense (Installations and
Logistics), “Factors in Balancing Government and Contractors Risk with

- Warrant ies,” in Proceedings, 1976 Annual Reliabiiit11 and ~k irz t~il~z al ’i l—
ity Syarp onium, p. 366.

2This finding, by Arthur J. Alexander of The Rand Corporation , is
reported in an appendix titled “Experience of the Department of
Defense with Incentive Contracting ,” in Leland L. Johnson et al .,
Alternative Institutional Arrangernente for l)evelopinf7 and Coninercial--
izing Bre~’de’r Reactor Technoici~iu, The Rand Corpora tion , R-2069—NSF ,
November 1976. This phenomenon has also been observed In the setting
of light water reactor construction. See Robert Perry et a l . ,

/6 pmen t anJ (‘o?7?nert,ia 1 j zg 2 t  i Of l  cf  f h. ’ L.i~ih t Water 1?. ~~
. ( .‘

~~~~ The Rand Corporation , R— 2 180— NS F , June’ 1977 , pp. .‘O—25.
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award.
1 For certain FLUs, the contract may include a clause obligating

the contractor to take corrective action (test , redesign , retest , retro-

fit) to bring the LSC within the prescribed margin for a predetermined

price.2 The government has the option to invoke this correction of

deficiencies (COD) clause when the measured LSC for a unit exceeds the

target by more than the s t ipulated “cu shion. ” Of th e three approaches ,

the TLSC commitment is both the least ambitious , In terms of its nove l-

t y ,  and the least widely used .3 This report focuses on the RIW concept

and the variation combining the warranty with a guaranteed reliability

level.

Reliability In~provement Warranty and MTBF Guarantee

The most frequently used technique for “buying reliability ” is a

warranty cLause——in current DoD parlance , a re ’l l a b i l i t y  inp rovement
w(zrr (znt~, (RIW) . In some respects, the RIW is identical to the famil—

tar warranty accompany ing most consumer products. Under an RIW , the

contractor normally assumes responsibility on a firm fixed price basis

f or repairing or replacing (as he sees fit) warranted unit s that fail

during the warranty period . The difference between the fixed warranty

contract price and the expenses incurred in performing under the war-

ranty is profit , so that contractor has an incentive to minimize

repair/replacement costs (and thus to improve reliability).

An RIW variation combines the warranty with a guarantee of a

certain reliability level (expressed In MTBF ) . If the computed MTRF

for a given measurement period f a l l s  below the guaranteed value for

the period , the contractor must provide the following :

‘This is the so—called “award fee” version . One USAF program ,
the AN/ARC—164 UHF Rad io, features an “incentive fee ” p rov i s ion  under
which the contractor can earn up to $10.4 million hut can a l so l ose
up to  $10.4 m i l l i o n .

2The ARN—l1 8 TACAN program is the only one with a TLSC commitment
tha t does not inc lude  a COD clause .

3The Air Force is using the technique on four programs : (1) F—1t ~
(three FLUs)—— (a) R ad ar/E — O Display , (b) Digital Scan Computer ,
C c)  F i re  Control  Computer;  (2) A — t O  (cal led “Target Logistics Fffect ”);
(3) AN/ARN-lOl. Tactical LORAN; and (4 )  M~/ARC-164 UHF Radio .

1’ 
______________________________ ________
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1. Engineering analysis identifying the causes of noncompliance.

2. No—cost (to the government) engineering change proposals

(ECPs).

3. Modification of all existing units in accordance with the

approved changes (at contractor expense).

4. Consignment spares for government use until it is shown that

the guaranteed MTBF is being achieved . (These become the

government’s property at no extra charge at the end of the

warranty period if the guarantee is not met.)
1

The key difference between the RIW alone and the RIW w ith the guaran-

tee, of course, is the obligation under the guarantee to upgrade all

units (including those already in the field) in the event that relia-

bility measurements fall below the guarantee level.

The RIW is the principal contractua l approach under investigation

by the Department of Defense for improving the reliability and reducing

the life—cycle cost of modern weapon systems. The current DoD—wide

experimentation is the result of an August 1974 memorandum from OASD

(l&L) and DDR&E.2 Roughly 30 items have been procured under warranty

by the services in the last 13 years. The Air Force alone is currently

procurIng 16 items under RIW, more than half of which are F—l6 subsys-

tems and components; responsibility for these trial applications resides

with the Directorate of Procurement Policy, Office of the Deputy Chief

of Staff (Systems and Logistics). Depending on the number of contract

option s exercised , the Air Force warranty expenditure will lik e ly exceed

$65 million.

‘The consignment spares provision is not included in all warranty
contracts with a guarantee. See Richard Kowalaki and Roy White ,
“Reliability Improvement Warranty and the Army Lightweight Doppler
Navigation System (LDNS),” in F’r oceedinga , l~ 7 ’ Annua l R e l i a b i l i t y  and
Mainta inability Syrnp oeiwn, Wash ington, D.C., 1977 , pp. 240—241;  Ronald
A. Mlinarchik , “RIW Experience at ECOM ,” ib id . ,  p. 258 .

2Memorandum to the Assistant Secretaries of the Military Services
from the Assistant Secretary of Defense (Installation and Logistics )
and the Director of Defense Research and Engineering on “Trial Use of
Reliability Improvement Warranties in the Acquisition Process of Elec-
tronic Systems/Equipment ,” 13 August 1974, and attached “Reliabilit y
Improvement Warranty Guidelines.” 

_-TI~ —
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OBJECTIVES OF THE STUDY

It is widely believed that RIWa offer an effective way to improve

military equipment reliability levels. However , neither their effec-

tiveness nor their appropriateness are well understood . Therefore,

this study had three purposes: (1) to survey and describe, across

programs , the substantive terms of existing RIW contracts (Sec. It);

(2) to reassess the soundness of the RIW concept and experiment by

considering the commercial experience used as a model; and (3) to sum-

marize, where poss ible, the outcomes of completed DoD warranty
contracts (Sec. III).

The ambiguity of the practical meaning of risk redistribution

described above can inhibit assessment of the RIW approach. On the

one hand , an 1(1W may be viewed simply as an insurance policy providing
enforceable contractual damage claims as a hedge against poor relia-

bility. On the other hand, it may be viewed as a device to motivate

contractor design and manufacturing behavior) Although both views

recognize the contractual redistribution of risks and burdens, actual

reliability improvement is important only to the second one; it is

largely irrelevant to the first. Although no consensus has developed
on the priority of RIW objectives , the RIW is apparently intended
primarily to motivate contractors and secondar ily to be an insurance
policy. Reflecting not only a concern for life cycle costs but also

for operational readiness , reliability improve ment2 
is the prime goal.

This is supported by official statements about the RIW (as well as its

name):

The objective of an RIW is to motivate and provide an
incentive to contrac tors to design and produce equip-
ment which will have a low failure rate as well as low
repair costs after failure due to field/operational

‘s%n additional by—product is that the contractor must reveal his
estimation of the capitalized life cycle costs during the warranty
period.

2There is disagreement even as to what this tern means. Some
argue that it compares reliability achieved under a warranty with the
reliability hypothetically achievable without a warranty; others argue
that it refers to reliability growth over the warranty coverage period .
The term as it is most widely used seems to incorporate both varia-
tions.

- ~~~~~~~~~~~~~~~~~~~~~~ —S.- — 
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use. Furthermore , t h i s  technique attempts , through the
use of contractual agreements (where the period of per—
I ormance extends over several years) to provide an
incentive for contractors to improve the reliability of

- 
their equipment and to reduce repair costs during the
period of warranty coverage in order to maximize their
profits .1

Our discussion of the 1(1W will be shaped by this hierarchy of goals .

The chief concern of the a n a l y s i s  In Sec . Ill wi ll he whether RIWs

in the past actua l  lv resulted  in more rd lab to products and I f  t h e y

can be expected to  do so in the  f u t u r e .

1l1eadquarters , United States Air Force , DCS/Svstems and Logistics ,
S Directorate of Procurement Policy, “ In te r im Guidel ines:  R e l i a b i l i t y

Improvement Warranty,” July 1974, pp. 1—2. These guidelines have not
been updated. 
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II. RELIA BiLITY IMPROVEMENT WARRANTY CHARACTERISTICS

This  section discusses the substance of the r e l i a b i li t y  improve-

ment w a r r an t y ;  i t  is based on a survey of 18 Air Force warranty

procurements:

o The 16 current 1(1W procurements.’

o The current Air Force administered purchase tinder warranty

for the Foreign Military Sales (FMS) program (of an it em the

Air Force is also purchasing under warranty for its own use).

o The F—ill Disp l acement Cyroscope Platform warranty.

Although the warranty period in the F — I l l  gyro contract has ended , it

is included because of the attention paid to it by the procurement corn—

munity . This sample is listed in Table 1. Other than for one early

(F—i l l  gyro) and one small (hydraulic pump) contract involving mechani-

cal equipment , application of the RIW concept has concentrated on

electronics equipment (see Table 2). The volume of the buys varies

considerably in units purchased and dollars expended . But in the

aggregate, the RIW program is significant; assuming all the options

are exercised , the total hardware cost of the current  pro grams (ex clud—
Ing warranty  pr ice)  w i l l  be around $500 m i l l i o n .

STAT EME NT OF CONTRACTOR WA R RA N TY

At the core of any warranty is the basic promise made by the war-

rantor . The wordtng  of t h i s  promise is very n e a r l y  s tandardized  among 
S

Air Force 1(1W programs :

Notwithstanding Government inspection and acceptance otT
supplies and services furnished under this contract...,
the cont rac tor  warrants  tha t a l l  ( i t ems ) furnished un ter
this contrac t will be free from defects in design ,

tThe nine F—16 components will generally he treated as a single
program, however.

____________________ - S - — -
— -‘ ~~~~ 
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Table 2

USAF RIW CONTRACTS: TYPE OF EQUIPMENT ,
NUMB ER OF UNIT S, UIUT PRI CE

No. Units Unit Price
Type of Under (not Inc lud ing

Contract Equipment Warranty warranty)

F—ill gyro Electra/mechanical 128 $ 6,040
Airspeed indicator Electronics 24 1 ,986a
Hydraulic pum p Mechanical 28 1 ,800
Klystron electron tube Electron ics 264 890
AHRS Electronics 275b 12 ,790C
INS Electronics 1,073d 54 ,891
TACAN (USAF) Electronics 8, 586~ 9 , 358
TACAN (FMS) I ElectronIcs 750 9 ,448
OMEGA Navigation set Electronics l,464f 10,430
F—16 components Electronics 442~ 

h

awarranty was not separately priced . Estimated portion of $2,211 unit
S 

price attributable to warranty coverage is $225.
bBasic buy nine units, option for 266 more .
C
Hedian price taking account of option variations.

d
~asic buy two units, without warranty. Warranty coverage begins with

exercise of first option. Options total 1,071 units.
eBasic buy 1,000 units , option for 7,586 more.

~Basic buy 264 units, option for 1,200 more.

~Warranty covers equipment in 250 USAF aircraft and 192 European
aircraft.

hThe prices of individual components are unavailable; however, the
total price of all  components is $406 million .
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materi al and workmanship and shall operate In its in-
tended environment in accordance with (accompanying
exhibits or governing specifications for a stated
period) -

Some contracts mention only defects in material and workmanship , omit-

t i ng design defects. This inconsistency does not appear to be signif-

icant because the scope of the contractor ’s obligation Is set by the

contractua l definition of product failure.

DEFINITION OF FAILU RE

The contractor ’s primary obligation under an RIW is to repair or

replace , at its own option (and for  a fixed price), items furnished

under the contrac t that fa i l  to meet the warranty . The definition of

failure is therefore a crucial determinant of the contractor ’s re-

quired performance. The broadest definition of “failure” includes all

units removed from operation because of a determination that they do

not perform in accordance with the warranty. Four Air Force programs

use this approach (INS, AHRS , Hydraulic Pump , F-16 components).
Inevitably, some units removed by the government and returned to the

contractor will be found to be free from any defect. These are termed

“unverified failures.”

An alternative definition of failure includes only those units

verified by the contractor to have failed (or to be in nonconformance).

If this definition Is used , there is usually a provision for adjustment

of the warranty price (or for payment on a repair—by—repair basis) if

the number of “unverified” returns exceeds a specified percentage of

total returns in a reporting period (e.g., 30 percent in the TACAN

(USAF) program).

The warranty does not obligate the contractor to fix or replace

~~z : failed units. Failures due to certain events are excluded from

coverage:

1. Crash I
- ~ not ind uced by the2. Explosion

i warranted item3. Fire not on the
4. Submersion contractor ’s prom i sos

1’ 
__________ 

_____________________________________________________________________________ 
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. . Act of God ( f l ood , hur r icane , e t c .)
6. Improper Installation or maintenance by the government
7. Tampering or willful mistreatment by the government 1
8. Comb at - ar t  Ion

The government usually negotiates a separate cont raw t with t he’ a-o ut  rat - —

tor to cover the repair or replacement of u n i t s  exc luded from warranty

coverage beca use of one of the above,

WAR RANTY PER IOD

The warranty per I o d  Is t he t im e’ during which  the warranty Is in

effect. This a-an he measured either In calendar t ime or equi pm ent

opernt ing hours. Some A i r  Forc- t’ reant rae ( 5  U s e  o n l y  e’a I onda r t tnt ’ ;

ot her s provide’ that the wa r r a n t y  w i l l  coot inue in of feet for a certain

number of calender ye ars  ‘~~~ a e-vrta In number of equipm ent  hours whi ’h—
‘i’~~1~ )~‘~‘UP~ ri~’~t (R(’ e’ Table :3) - The’ t a b l e  revea l s a number of n i t  or -

nat (ye -onstruct Ions:

0 ( 
~Z :m~ can he measu red: S

f rom d e l i v er y  or n ccept nnet ’  ot (l ie I lr s t  unit,

f rom do l i v er y  or accept ance’ of eat-h u n i t  (imp lying staggered .
unit—by—unit iwriods of eovor:ige)

in  terms of t he warranted I torn or ha- a I rc raft In wit Sob I t I s  —

to  he’ In*~ al1ed ,

for a spec I I  led period or tint II a spec Li I eel date .

0 E,1 1’n~ent ?: n:’~a e~flfl be measured :

in to m a  of t he’ warranted it em or t he’ a i r c r a f t  in  w h i ch  ft is

to he in st a l l ed;

in 1 I ~s hours or ‘~ ‘~~~ ‘ z t ia~ hour s ;

on e~z1 ’h tI%% i I (Imp lying staggered , cml t — b y — u n i t  per iods  ~f

coverage) ( o .  g. , Kiyat ron •~1 i-c t  ron t tihe) ; or ~-ldmu i : I: ’~’ly on

/ tin S t s (0 .  g . , F — l b  comp on ents )  ; or by .t per u n i t

average (e - g . , H y d r a u l i c  l’ump) -

Fat lure’ I rom a~’ i.feuI~z I mi st reatment Is exc l uded in at leas t two
RIW programs . he’ Air Fora’e’ a ARN— 118(V) TACAN and t he  Army ’s ARN— 1 .‘l(V)
Radio Receiver.

______________________ F
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Tab to I

WARRANTY PERIODS OF A IR FORCE RIW CONTRACTS
Has Ic quant it it’s atiel for has Ic coverage’ only)

Ca.I t’uda r T i me’ On I r
Con t r a c t

~ 
1q 75)~* TACAN S y r s .  from t in t  t ’ ot alt ’ I ivt-r ~’ c i i  t 1  ~‘~i tin It

(I 91’i ) iNS 4 yr s * 1*-on cia t i o I alcoa ’ pt auce ot j’i ~~ t on It
(1975) ARES S yrs - t ron elate ot accept ance ’  c a t  t :  i O t  1 1 1 1 1 1

(1975) Atrspee’d tttd (eater S yrs - from d a t  a. of accept ana l’ of e~~ ’)i 1111Sf
(1975) Nay Igat ion set S yrs - I i- ens d a t e  c ’t accept atica ’ t i t  J’i~’al no It

Ca L e-ndar Time’ or E q u i pment I l t aut s
(whichever oct-urn S I rst)

Contract Ce avo t aga’

(1 9h9) F— i ll S ye ’s  - from date ’  ot dot lv t-rv c i t  ~~~~‘{i un i t
1.000 ~T.’t’~l t  i n ;  hiatu s on •‘ l , ’lI em I t

(1915) K lystron electron 4 yrs . I ron date o t cSe ’l iverv of ci~’h uu~ it ,

tube’ 1,000 ‘j’.’�’,~t in~z ht ’curs can .:~‘h cite It

(1975) Rydrau t Ic 1 ye’s - I torn da t e ’  a ’S dot Ivory ot ‘It~ar t t in ft
5,000 ft ~i~; hours on ~l / ?  tui ~ it S Z~~” 

- t~ :~:‘ ~;

( L~ 1 7) F— lb component s  4 y *-~~ . f rom date ot  da’ 1 I v o r y  ot I I t n t  pe ’odeua - -

S t ton it’a ’t~:ft , or

- 

300 ,000 a~~,Wnu !~* fr / ~t~” ~, i n~; hours

rae’t date .

single warranty cutcift date’ (.‘ta Nove ’rntaer i t ) l b )  was subsequent lv
negoti at ed .

- — ~~~~ ~~~~~ c.i ~ ~~~~~~~~~~~~~~~~ .
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TURN-AROUND TIME

Ese Ii R 1W e m use spa ’a’ if I es the ime of rI-pa I r or rep I nec’ment

This turn—around t ime (TAT) usually represents t he  period the govern-

ment will be without the uni t - However , under Se’Ule RIW contracts ,

the contractor is required to ma inta in a Liemded storeroom of units

I ream wtil cli he must shi p a replacement unit upo n not ICiest ton of a

failure . In this situation , the TAT represents the time fear repair ’

replacement and return to storage . Table 4 presents the TAT provisions

of the Air Force MW contracts,

For three of these — rograms (F—Ill Cyro, Airspeed I nd i ca t o r , and

Klystron “lectron tube), there are ,-to penal t ies  fea r f a i l u r e  te a  meet

the TAT required . Penalties in the other  programs take one of these

forms :

1. Extension of the warranty period ,

2. A liquidated damage payment , or

3. Consignment spares provided within a spce’l [leel  pe riod .

The 1-lydraul ic Pump contract provides for a five day warranty cx-

tension for each TAT day overrun. The Air Force TACAN e-ontract ohit-

gates the contractor to pay damages at the end of each six-month

reporting period in the amount of:

d = $2 5 x (TAT — TAT ) x R ,

where d liquidated damages duo c~cht period ,

TAT m measured average  TAT during per iott (davs~
TATr — requir ed TAT ( 15  days) ,

R — number of r e’t urns dur ing the per!  od

The most ecanumon vena l tv  , inc I tided In  a I I  prog rams fea t  t i r i n g  a

guarantee except  the TACAN , r eq cui  re’S cOflS I guise-nt spares ( te ’ e- tam tae’nsat c’

for  the’ “ ex t ra ” t line’ the government was w i t  heaut t he’ it i’m) .

4 
_ _ _  

_ _ _ _ _  _ _ _ _
_____ 
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Table 4

AIR FORCE RIW CONTRACTS: TARCETED TURN-AROUND TIMES
(Asterisks indicate goal, not guarantee)

Contract TAT (days) Measurement (from receipt to--)

*F—lll gyro 45 (avg.) Shi pment ; avg. over life of warranty
*Airspeed indicators 30 Shipment

INS5 4_7b (avg.) Storage; avg. over 3—month periods
AHR Sa Storage
*Klystron electron tube 120 (Unknown)
*Hydraulfc pump 10 (Unkn own )
TACAN (USAF) 15 (avg.) Return; avg. over 6—month periods
TACAN (FMS) 20 Shipment
OMEGA navigation set5 15 (avg.) Shipment; avg. (aver 6—month periods
F—16 components 22 (avg.) Storage ; avg. over 6—month periods

aContract includes a shipment from bonded storeroom requirement.
Required shipment times range from one to four days.

bFour days if repaired at a Military Airlift Coenmand base;
seven days if repaired at contractor ’s facility.

CTerneed “Shop Flow Time (SFT).” 

--- -~_________________ 
_ _ _  - -
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The following formula determines the number of spares to be con—

signed :1

n-K (TAT - T A T ) - L ,in r p

where n — number of consignment spares required (rounded to next
highest integer),

T measured average TAT (in days),
Tr - required TAT ,
L — consignment spares currently in government’s possessionp 

(including amount of spares represented by any liquidated
damage payments made according to provisions listed in
Table 6, page 24),

K— avg. no. operating units x avg. operating hrs. per day
guaran teed MThF

The required times for provision of these spares and the penalties for

lateness are listed in Table 5.

Failure to meet required TATs is normally excluded if the failure

is beyond the contrac tor ’s control and without his fault or negligence.
For examp le, acceptable excuses in the TACAN program include: : -1

o Acts of God

o Acts of a public enemy
o Acts of the government

o Fires
o Floods

o Ep idemic s

o Strikes
o Freight embargoes

o Unusually severe weather.

‘Variations include: F—16 components: K assumed to be equal to 1.
AHRS, C—141: following expression is added to basic formula:

~MTBF

‘i l.crBFM ~~~~~

‘

where 0.06 — max. spares quantity (17) ~ total Installed items (275),
I — current number of installed units,

MTBF
G 

— guaranteed MTBF,

MTBF
M 

— latest measured 1-IFEF (cannot be ‘ MTBF~).

IL 
_  

~~~~~~~~~~~~~~~~~~~
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Table 5

AIR FORCE MW CONTRACTS: REQUIRED T I ME FOR PROViSION OF TAT-RELATFD
CONSIGNMENT SPARES ANI) ASSOC IAT EI ) PENA LT I ES

if Still in If Out of

-~~~~~~~~~~~~~~ Cont ract Production Production Pen ul t~~~
OMEGA Naviga t ion  set 90 days 270 days $50 each ex t ra  day , up

to 50% of em i t  p r ice
iNS 30 days 9(1 days 3— 1/ 3% of u n i t  p r i c e ’

eat - h extra  day ,  up
to 50% of u n i t  p r i c e

AHRS 30 days 90 da y s No n e
F— l 6 components 45 (lays 120 days 50% ot un i t  p r i ce  f o r

any t at e  dcl iv or y

Like the  length of warranty coverage, the pen a l t y ,  i t’ any,  fo r

f a i l u re  to meet TAT re quirements is ne i the r  unifearm nor v a r i a b l e

acco rdi ng to a conscious plan . Even within types——e.g., provision of

consignment .spar es— -penalty provisions vary.  There are ’ a~ many

d i f f e r e n t  cons t ruc t ions  being “ tested” as there are tes t  cases.

ADDITIONAL PRICE ADJUSTMENT PROVISIONS

Ope ra t i ng  Hours

When the war ran ty  period is defined strictl y in calendar t ime,

heaw much the government uses its product during the period greatly

a f f e c t s  the cont rac tor ’s perforn~ nce cost . For in i t i al  pr i c ing  pur-
poses, programs f e at u r i n g  warr anty  period definitions of this type
inc lude a provision for adjust ing the warranty price to a ’tuo l usage.

Of the five programs with calendar year warranty periods , four in—

c lude operating hours  p r i c e’  ad j u s t m e n t  e laeuses .  The warrant v in the

fifth program (Airspeed indicators) was not separately priced . All

four allow both upward and downward adjustments, although all limit the

allowable downward revisIon . The F—16 components warranty , which has

a “calendar t ime tar equipment hours ” warranty period , provides for

limited downward adteustment If the four—year warranty period expires and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ae’e emmem I at t’d I l y i n g  hours at ht’ cxp I rat Ion date ’ fall he low a spt’c ii it’d

love~l . Table’ 6 smmmm ari .- e’s provisions I tar price ad )ustment s based can

e’perat tug hours.

Los_t _..!n_d_ _pa n~~~~i U ni t s

Some’ warrant fe- s spec- If fe-a ll y adjust fear u n i t  s lost , de ’~~t roved , ear

damaged heytand r e’p;l t r  in  ways that exclude them i ron ceaverage ’ . The’
rat b ela Ic f e a r  such adjustments Is t ha t  the government should  not have

to p ay for warrant v protect lea n fo r  un ei szmh l e u n it s  and that the’ con-

t r a c t o r  sheau l d neat receive such payments because’ he w i l l  not  have tea

t’xpenel any  resources tea support  those u n i t s .  The’ programs w i t h  op erat —

lug Iet ’ tm r pc ice  ad I cist mont p r ey  is leans genera It v add ross (l e ts P t t e ’floflt .’ I l emt  -

However , the’ TACAN (USAF) prog ram includes a re imburse’neont fearmul ., for

the  t ar t  cc assoc ia ted wit ii the  “unused” peart ion of the’ warrant arising

out eat  least  u n i t s  or excluded f a i l u r e s  - Loss o f the cut ire TACAN set ,

for example , reduces the warranty price by $1 for each remaining day

of t he’ warrant v per iod.  The’ F— i l l  Cv ro and AL r~peed m e t  it -a to rs

grams provide fea r adjustment negotiations at  the  t i m e ’  of f i n a l con t r a t ’t

close—out . F’inally, t he Hydr au l i c  Pump and F—1 6 components pr eagr ams

cr edi t  the  governmen t w i t h  “unused” w a r r a n t y  coverage when i t  r epai rs

or replaces un i t s  tha t are e i t h e r  lost or s u f f e r  exc l uded f .e I l u res .

R EPA IR OF EXCLUDED FAILURES AND REPLA CEMENT OF LOST UN iTS

A l l  Air Forc e RIW contracts allow the government to dtree -t tht’

contractor to repair or replace units that suffer exc luded failure car

are lost. Most specify that the transactions are to include price

negotiations and about half permit transfer of warranty coverage tea

the new or repaired unit (see Table 7). The TAT provisions for war—

ranted items usually do not apply to this type of repair and replace’-

ment .

MTBF GUARANTEES

The Air Force is buying six items t h a t , in addition tea be ing  war—

ranted to work , are guaranteed to achieve’ a sjaec f fled level of roll.,-

hility (expressed in terms of mean time between failures):

- —‘~~ - ,~~~ - - 5 -~~’ S -~ 
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I. OMEGA Navigation Set ,

2. Attitude and Heading Reference System (AHRS) for the C—1 41 ,

3. Inertial Navigation System (INS) for the C—141 and the KC—135,

4. ARN—118(V) TACAN Set (the Air Force buy),

5. F—lb Radar Transmitter s

6. F—1 6 Head—up Display (HUD) electronics.

The Ai r Fo rce ’s e-o mmitm ent to the guarantee f e a t u r e  is a p p a r e n t l y

s t r o n g  because all the major warranty programs include it. If the

guaranteed  levels are not met , the gctarante’e obligate’s the e-ont rae t or to

identify the causes of the deficiency, propose and carry out modifica-

tions (on all units) to correct it, and provide consignment (or “pipe-

line”) spares In the interim. There are several variable characteris-

tics of the MTBF guarantee , including (1) equipment level of guarantee ,

(2) single value versus incremental goals, (3) frequency of calcula-

tion, (4) method of calculation , and (5) early termination of

obligation provisions.

Table 7

AIR FORCE RIW CONTRACTS: REPAIR OF EXCLUDED FAILURES AN!)
REPLACEMENT OF LOST UNITS

Price Warranty Applicability

No
Contract Set Negotiated Coverage Coverage Unclear

F—ill gyro X X
Airspeed indicator X X
INS X X
AHRS X X
Klystron electron tube X X
Hydraulic pump X5 X
ARN-118(V) TACAN (USAF) X X
OMEGA navigation set X X
F—l 6 components Xa

aprice includes a credit for remaining warranty coverage on the
damaged or lost unit.

4.

_______
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Equipment Level of Guarantee

Should the design of a guarantee concern the reliability of the

whole product (or first—line unit), the reliability of subunits of the

produc t (lowest replaceable units or shop—replaceable units——LR IYs and

SRUs), or the reliability of both the whole product and ind ividua l sub—

units? The F—lb components are the only items guaranteed exclusivel y

at the FLU level. The TACAN contrac t specifies TACAN MTEF levels,
which the contractor then must apportion among four subunits. Measure-

ments are made subunit by subunit. Similarly, the INS and OMEGA

Navigation Unit contracts specify apportioned subunit MTBF values.

The AHRS guarantee is the only hybrid example: It requires that “ in

addition to achieving the guaranteed system MTBF, the contractor must

achieve the MTBF guarantee for each LRU and SRU.”

Single Value Versus Incremental Goals

A second design issue is whether to require the contractor to

achieve a single, stated MTBF goal or a succession of goals over the
period of the warranty. Examples of the first approach include the

INS and AHRS guarantees. The other guarantee programs feature a

succession of incremental goals:

1. The TACAI4 and F—lb components contracts require a higher

reliability level each year;

2. The OMEGA Navigat ion Set contract requires a higher reliabil-

ity level every six months for the first three years (and

additiona l improvement over the last two years).

The growth rates in the two sets of contracts are strikingl y dissimilar.

For examp le, the improvement reflected by a comparison of the final

goa l with the initial goal is 60 percent for the TACAN , 54 percent for

the F—lb HUT) electronics , 34 percent for the F—16 radar transmitter ,

and 444 percent for the OMEGA Navigation Set.
1

~The OMEGA contract has MTBF guarantees at the LRU level only.
The figure used for the system MTBF is the reciprocal of the sum of the
rec iprocals of the LRU MTBFs. Also , the TACAN and Hill) electronics in—
provement Is to he achieved over three years, five years for the OMEGA.
However, the OMEGA contractor has guaranteed a 421 percent HTBF improve-
men t by the end of the third year.
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Fr~ q~iency and Method of Calcu l a tio n

The p r e c e d i n g  discussion impl ies  comparison of measured MTBFs and

guaranteed MTBFs at vary ing frequencies , but frequency of increases in

gua rant ee  level does not always equal f requency  of MTBF m easurement .

The TACAN , OMEGA Navi gat ion Set , and the F— 16 components con t r ac t s  a l l

p rovide fo r  MTBF measurements every six months .  The INS and AHRS con-

t rac ts  have a three—month  provision , the f i rst c a l c u l a t i o n  to occur

six months a f t e r  government acceptance of the f i r s t  u n i t .  There is no

analytic justification for these variances.

The fol lowing ca lcula t ion captures most elements of MTBF f o r m u l a s

in use: total operating hours (TOH) during the measuring period divi-

ded by the to ta l  number of f a i l u r e s’ dur ing  the measuring per iod . The

numerator of the equation is usually assumed to be the same for all

installed LRUs and SRUs and is calculated from elapsed— t ime—indicators

(ETIs) built into the unit.2 When s u b u n i t  MTBFs are guaran teed , the

denominator for  the expression corresponding to each subunit  is tha t

subunit ’s total failures during the specified period.

Current contracts obviate the need to check each ETI at the end

of each measurement by including a formula for estimating TOll from

data on returned units only . Average operating time per day times

number of days In the measurement period tines average number of in-

stallations over the measurement period equals TOE.

In the F—lb program, FLU MTBF will be measured on Air Force air-

craft only, although required corrections will be made to both Air

Force and European Participating Governments (EPG) FLUs.

1 Generally, even unverified failures are included for purposes of
arriving at MTBF, but not excluded failures.

21n the TACAN set, the ETI is on the Receiver/Transmitter unit;
in the INS, it is on the Internal Navigation Unit; in the OMEGA
Navigation Set , it is on the Receiver/Processor unit. In the MRS.
however, ETIs are Installed on each LRU (SRU times are then calculated
from the applicable LRU reading). By implication , the F—16 ETIs are
on each FLU on USAF aircraft only. — 
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- - Early Terminat ion of Obligations

Under one contract , the contractor can completely fulfill the

obligation of the guarantee before the warranty period ends- The TACAN

contrac t provides that the guarantee obligation (but not the warranty

obligation to repair or replac e failed units) terminates when two con-

secut ive measurements yield MTBF values that equal or exceed the final

MTBF goa l , althoug h in no event will the obligation terminate earlier

than 39 months after the contrac t award . The contract award date was

16 July 1975 and the warranty period began 1 May 1976. Thus the

guarantee obligat ion may terminate only 29 months after delivery of

the first production unit. This is indeed likely because data for the

first 11 months reveal an MTBF of 771 hours (rather than the initial
guarantee level of 500 hours and the final guarantee level of 800

hours).

FINAL OBSERVATI ONS

A reliability improvement warranty consists of many important

contractua l provisions, each of which can be defined and constructed

in various ways. An experiment such as the trial use of RIWs can

teach the relative merits and drawbacks of alternative constructions.

This opportunity is lost if important terms are varied indiscrimi-

nately . The present experiment poses such a danger: terms such as

warranty per iod, penalties , and MTBF calculation fr equency vary widely
with little apparent analytic justification . As a result , it will he

difficult to identify preferred alternatives because of the excessive

number of var iables, considering the sample size. The absence of

closely monitored control groups compounds the problem.

~~~~~~~~~~~~~~ ~~JI :-~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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III. COMMERCIAL AND DOD WARRANTY EXPERIENCE

I NTRODUCT ION

A reliabilit y improvement warranty is one of a long l i n e  of t ech—

niques  and methods  desi gned to protect  the  services from systems w i t h

poor reliability. Mentioning some of the others and noting their

weaknesses and differences is help ful in understanding the special

n a t u r e of the  RIW.

One way to  i n f luence  an item ’s reliability is to fash ion the

design specifications so the resulting product is “better built ”

(t hrough s t r i c t e r  ma te r i a l s  spec i f i ca t ions , for example) or less like ly

to “ fa i l  co m p l c t e 1~- ” ( th rough requi r ements  for more redundanc y , tor

example). This approach generally increases the cost of producing an

Item (acquisition cost) and injects the service deeply into the design

process , often overburdening designers with constraining limitations.

“Enforcement ” is typ ically l imi ted  to the requirement tha t the i tem

pass c e r t a i n  r e l i a b il i t y  related acceptance tests, which u s u a l l y  mar k

the end of contractor responsibility. The critical difference In the

warranty concept is its built—in provision for continued contractor

responsibility for reliability after delivery and acceptance of his

produc t .

A contractor maintenance arrangement Involves the contractor in

the suppo rt of his produc t but , inasmuch as it is u s u a l l y  based on a

cost—plus contract , it really does not shift responsibility (in terms

of who bears the costs of disappointingly low reliability ) away from

the service. It is too simplistic , however , to lIt’~it the difference

between a warranty, which Is a fixed—price contrac t , and a conventional

contractor maintenance contract to the fixed—price/cost—plus distinc— 
- 

-

tion . Another important characteristic of the RIW concept is tha t it

is intended to be negotiated before design and development are completed ,1

‘This has been tr ied only In the F— l b warranty  programs , however .

4’
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so I he eon t rat - t or ran  a m e l i o r a te  the  des ign  and engineer I ~~ i i i  t -

ponse to the warrant v ’s I neent lye f e a t  nr c .

th e  R 1W i -onecpt Is d l  st t ue  I we as a ~:~~I ab I I I  v I vt-tin It~su- ’’ In

that I t  involves t he rent rae t or du r ing  t he stippo r t  phase ol h i s

p rodut - t 5 l i f e , seeks 1 o sh 1 f t  at  l ea s t  sent ’ of t ~~ ri’ ii ab II I I v r I sk

to him , and I s 1 si t r odtn -cd In  t he t ran snt’ t ion ea r l  v enough 1 o a I low

responsIve design and e n g i nee r  lug improvem ent s .  It  I s a rt  na l i v  an cx—

t rent’ I y :unb it liius - tinrcpt w I t h  t WO (I tnt I net  henc f i r  t , i I got, I s .  On t he

one hand , i t  p ron Ise s o shift r isk so tha t tin ’ se rv ir e  no longer

e n t i r e l y  bear s L iii’ cost of cempensat lug for rel i ab i l i t y short tail s——

J ie t  ual 1 y art  I nsur an et ’  device .  On t ho o t h e r  h.-ind i t  prom ! Mt ’S that t he

at - t isa I ret lab  l i l t  v of an it ens w i l l  (nir r ~:i , - compared with a nonwa r i- ant  V

t oun t erpa rt . This poses a di If i t-u! t y fu r  eva I isa t Ion of the concept

bee atuie an R 1W r an  stir t’et’d in  I t s first promi no vet  f a l l  in  I t  s s~ t’on d .

That Is , ar t  tia I r o l l  ab Ii (ty improvement Is I r re i  vv .-~nt  to successful

sh 1 ft I ng of r i nk , 2 wh k-h may In  turn he a vor t hwh I l ”  oh)  er t  I ye whethe r

or not  re I lab l il t  v Improvement Is sought or even at’ hi  evab 1 e . These

oh)ect ives must ho thought of separately.

There I s  i i  t t Ic doubt  that the R I W ’  s foremo st, goa l is  co n t r act o r

met I vat  Ion to improve  r o l l  ab I l l  t v . Howeve r • an a l ys i s  of romp I et i’d

us l i l t  a rv w ar r a n t  y progr ams (set ’ b e low , pp.  /e 3— - ‘ .‘ ‘t dot not e I -:s r I v
t-~ ;t iii! is is  I h at  Ii IWs have is-ru ssit ’t t ’sst iii . T his ~;et -t los t ,-x_ sn iiusrs I 1st ’

warranty e x p e r t  cure in  e ommerr I al envi ronmen t s , t hi’ o r i g i n a l  modi’ I It ’ r

This has not worked so neO t  l v  in  i rae t let- . ~-et ’ C. David W e t  me r
and Paul ii:. l’a l n t  t , The Imp1li ’t ‘j~ h’ei i t h i  

~~!‘ t~un ’~ t i l  c -- s w /  W i r r us 1
‘Pt i- - i ~’ ’? p ’P :t~~ ; .u1 : ? : / : ~1,1 ’J  f ) , -~i f ,~~i i n,! ~~~~~~~~~~ 1’t ’- ;, ’ :t;s , I n s t  i t  t i L t -  I os

I )t ’f i ’nse Ana l  vs Is , 5— /4 8 ‘1 , Or t ober 197 1) . ThIs st udv e x am i n e d  ii ci et—
t ron I c  subs y st  ems , rep rosen L I rig t. lit’ t brot’ nsi) or as’ rv lees. It eon,- I udi’tI

h a t  “w a r r an t y  t ’~~~ t I Otis ar t ’  p reset s t I y net p a- nv Id i ~~ st rong design  and
dcvi ’ I opmen t I ne t -n t  l vi’s for ac hi cvi ng imp roved opera t I ena I r i - l i  zsh i l l  t v •
and tha t wh i  I i~ w ar r an t y  op t ions hav e c ap t u r e d  cent  raet  or nsanagenss ’n t
at  t en t  (on , me ri ’ ci b r  t con Id be expend ed ii tsr I ng t i r v e  I opntt ’n I I t ’  ac hi cvi,
lie w a r r a n t y  oh ) t ’t - t  i ves . ’’

‘Tti.’ I est of I hi’ ‘‘ ‘- I sk— sit i f  t l u g ’’ a spt- t - I o t  t l it ’ RI  W t -onrep t  is
wise I’ hi’ r t he H 1W 1 s f r i  p risc t ice r I go roust v en forced or sub ) t’e I I o I nsa— _ i -

or— r I sk—da mpen I ii~~~ mod I I t eat I ens of t i-m is (as t rail it I tina I I necti I l vi’
i-ou t rat - t s hay .-  hi ’i’ss) . On t h i s  t a t  ti’r point , see A l  ,

~~.its I. , I n  Johnson
t ’t iii . , R—~’0b’t—--N SI~ .
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l iii ’ nil I i t at \‘ w a t t  ant v • I i ’ s ~s I sis i l , s s  ~- a t t ’ a n t  v s- r i  iaI’ I i t t  v ttst i ’I i ’ \’ i’sssi - ti t

link. lii ~ exam i stat t t ’ t i  Is i’s t ’~ cited by a dl s~ tsss i, ’ti ob  l ist ’ R I  W ’ gets’s a I

t i ’ 1 at  I t ’sss lt t p  I t ’  ~- ,nflsi~’t c t a t  .iiiti ~~t Iii’s was i-ant I i-s l sOi’ il by I hi’ ml I i t . , ,  v

and I - I oh owed t’v a I , ‘ok . i t  a, - I ua I Pelt was t issi v i -~ pi -s I i -net - -

~liNfI - X tPAI - CONS I ItKRA r IONS

:c,t t- t :sl Consist’s t~ t a t  Wa s t  , s s st I i-s

Was  t a u t ~
- l a w  I s  a siil’~~t’I ot the tas -gi ’ s .55  i~5 et sa Ii ’s l aw. Citisse

qut ’nI lv  • w as  i-ant  Ii ’s a t  t ’ I ~~~~~ i n  ei’msue i~~~
- t a t I 5 i t i s . se  t ton s  l I s t 1 5 sts ~~i ’

t~t ’tii j ’t  O p c t t  v s al es  t t ’  t-OOS uusi’l goods salt ’S. As a t i- sit I t i i i  ~t eottItih ’ti

law I s ad it ion In  a I ,‘ilr t .sll si s t i n t - t us t’ • sa l t ’s I ;sts - dt ’vi ’ I ,‘I’sist ’ait w,s sst ’t

i t t i t i  otan . l it I t5(3(~ the Nat lena I t ’t ’ssi t ’tt ’ist t’ iii Ct’ ustss l os  b en t ’s ~t s PSI I i i ’s sit

St at e I -awo p top0t4t’tI l iii’ tt n ti es-si t Salt’s At t , wIt let s w~s adi ’i’ t .- ,I I’s’ I

stat i’s In I ~J ‘t O .  In  t hat  A~- I may is- I t i t l i S t 1  I l it ’ sisetlt ’ , s s  I ~‘ssnd.st  I t ’is I ‘s

wat r a n t v  law .

The t In i t t ’ s  iii ~ .i L es A ct  it.ss l’et’ti i t ’p I •ses ’il ~ I Iii - ( 1 i i l l i ’i m ( ‘stusri e I t t

Co~It’ P1 ~i - 
• wis I ~

- is was i’ rosin, I gal i ’ti in  I a II l O t  I I’v t bi t ’ Nat t t ’si.i I t~~ss I i ’ i

estee ot Consis t api  loners i ’n l’ si I I . ’t -ns St at , - l a w s  Issil  t lii - Am,-s t t - .iii I sw

l u s t I tnt e. ‘flit ’ t h ’ t I sit -gs at is I he v a t  l o s s - - t u t u  ~ ‘t  in I sw~- tNrgi’t tal’ I.’

l u st rumi’n t a, Wari’h soiise Receipt s . Salt’s , III I t s ol  t .s ,I t o g ,  SI ~‘~-k i s ant-

t ~~~~~~ Co~i~i I~ Iis~~i I S~s le~ • anti Is tsst Ken ’ I p1 s~ I n t o  a ~~ h g  Ic i tt ,t . t, I  si t!’ ~~ I

i t I costuni ’rr I a t  I s  asisat - t ( t i ns anil has heest ;htit’i’ I cii L’v ‘ I Ins I sid j e t  I otis .

I sic I ssil tug s 0 i t  at i’s. St tic ~‘ t lii’ S~- ’ ;  ‘; ,~ “:e 5 ’,, • : • ~ i n  I ‘It’ I • t hi’

11CC has bi ’t’st used to reset ye government  i-ou t s a,- t  d l  sp i l t  t ’ s

The PCC s- en ogis I i’s t we ma It ’s I vpes 01 war’ rats t I t ’ ~ , i’xIttOSs attil

(nip t i e d . As the t i’rm suggi’st s , ass ~r; 
- 

~‘e 
‘. s’s~ I .iss~ a I I I s niat I ott

i tt  I .ti - t i t s  ps-em 1st ’ inside liv t he se I li’ t t i t t he l’ssvei and st-I. s I I ug C o l ist -

I t hi - i - t’m.’s a p ast ‘1 I hi ’ t’,st ~ , s i i i .  - ‘w ~‘ -~ - -  -~ - ‘ ‘  - ‘ - . on,-

the I aw tI es- I Vi ’’- liv t siip Il , - .st bets o 5 I s t l t -,  t -O e  • - I i , i iui I lii - 0:5 t ilt  u’ 0% t h e

I s a n s se I t oss ot I lii ’ s i t  na t t~’,i ot  , I s  ~- i i ma t  ~sss ~- .- ’ ‘I  I III ’ )‘~~ I l i ’~~~ l iii ’ I W O

nti’St i’i’fliflh ’ti ~s’5i’ 
I tt~I w artas it lt’’i ~ls i ’ I h i ’ - - ‘
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abi 1 1 t~, 
1 whl i-h warrants that the art Ic le sold abs ii be of the genera I

kind described and reasonably fitted for the ~e -ne -z ’tzl rur ~’o~,t ’ for wh it -h

I t  Is  at ’ Id , and I he i ’n: - 
-
‘ i , !  s ’ i’s’ i t :  ~ ,‘~ In, -~ ie ~~~ s’ : :~ s t  - - o, , 

— wit (ill

war rant a t hat List ’ goods s~’ Id :s re s u i t a b l e  fo r  t I t t ’ huvt’r ‘s ~: 
-
‘ - - : -

- -
~~

- . I n  gt ’ s t t -  r :t 1 • war ran I it ’s , wh et  Iser exp rt’ss ’d or i usip I l ed , . s s i  i t ’ l l —

sI r ut ’d as c o ns i s t  t ’f lt  w i t  It t ’a, Ii itt l t e t  and .154 m miii at I Vt’ un 1 t ’SS sisi-

roust r u n t  ion is u n r t - .s sts st . s b l e ’ , Ira which case the intent m u  of t in- part it ’s

shall determine wis ti-h w a r r an t  y I s dominant  .

DoD Warranties

The Armed Services Procurement Regulation (ASPR) permits the l)oI)

to use warranties .4 The Chief of the Purchasing Office must generally

approve warranty use, and such approval must take into consideration

the nature of tise item, the cost of the warranty, administration

(enforcement) of the warranty, and trade practice. Although the  con-

cept seems simple and straightforward , its application by the govern-

ment is complex and confusing. For example, enforcing a supply

contrac t warranty might involve looking at the ASPR provisions on

Inspection Clauses , Warranty of Suppliers Clauses, Correction of

Deficiency Clauses, Limitation of Liability Clauses, the LJCC, and

applicable case law. In fact, The Report of the Con,wlsaion on

Govem’rnent Procurement stated tha t the warra nty5

problem is further complicated because post—acceptance
Government remedies are provided for in so many differ-
ent standard clauses and are stated to be “non—exclusive ’;
that is they are merely remedies in addition to whatever
other remedies may exist under law .

1UCC 2—314.

~ 2—315.
3ucc ~ 2—317.
4ASPR 1—324.
5Report of the Ccrinn’ea i~n t ) r j ’t’j’p znm r i t  Pro c’ureme ’nt , Washing ton ,

D.C., 1972, Vol. 4, p. 95.
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Warranties under the ASPR are also distinguished from warranties

in the commercial world in that, except for construction warranties ,

warranties are usually express——no implied warranties are usually

attached to government procured items. ASPR 1—324.4(n) states , “When

express warranties are included in contracts (except contracts for

commercial Items) all implied warranties of merchantability and fitness

for  a particular purpose shafl be negated.. • s~ In add i t ion  the Stan-

dard Inspec t ton Clause says , “Except as otherwise provided In this

mont  r at -t  acceptance  sha l l  be conc lus ive  except as rt ’gard to l at e n t

defects , fraud or such gross mistakes as amount to fraud .” In other

words, the inspection clause can invalidate any implied warranty even

though it is not expressly negated .

Government express warranties can be further categorized into

“specification ” or “performance” warranties. In a specification war-

ranty, “The contractor warrants that at t int’ of deliver s , a l l  supplies

furnished under this contract will be free from defects In material or

workmanship and will conform with the specifications and all other

requirements of the contract.”2 In a performance warranty, the con-

tractor warrants that his item will perform Its designated function ,

be adequate for its intended purpose, and maintain the required leve l

of performanc e during the warranty period . (Actual figures for the

types of warranties used by the DoD are not available , but a recent

study of wirranty usage In the Army found that 71 percent of the

warranted contracts in their survey were’ specification warranties and

29 percent were performance warranties.)3

Reliability Improvement Warranties

The current definition of a Reliability Improvement Warranty (as

stated in a 1977 proposed USAF ASPR Supplement) is:

1ASPR 7-103.5.

7— 105.7.
3
E. Beeckl er and II. Candy, “Anal ysis of AMC’ a list’ ot  Warrant tea , ”

Army Procurement Research Office , U.S. Army Logistics Management
Center , June 1975.
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[Al provision in a fixed—price or fixed—price—incentive
acquisition contract in which for a fixed price...: (I)
the contractor Is provided wit h the monetary incentive to
improve the production design and engineering of the
equipment throughout the period of the warranty to en-
hance the field/operational reliability and maintain-
ability of the system/equipment; and (ii) the contractor
agrees to repair or replace (within a specified turn-
around time) all equ ipment that fails (subject to
specified exclusions if applicable) during the period of
the warranty.

This definition represents a culmination of 13 years of discussion

and evaluation of the RIW concept within DoD. Yet the proposed ASPR

change is only for the purpose of allowing trial applications of the

concept. Nevertheless, in recent years the RIW concept has picked up

momentum in the DoD’s procurement activities. The RIW is often dis-

cussed as a “solution” to a number of problems that have classically

plagued DoD procurement , such as cost control, reliability, maintain-

ability, operational readiness, and contractor motivation . Although

these problems are interrelated and their solutions not necessarily

inconsistent , a procurement device that simultaneously addresses all

these ills may create confusion when defense policymakers establish

priorities among its multi—faceted capabilities.

The reliability improvement warranty is a type of performance

warranty. Although the RIW concept may include contractual provisions

not explicitly used before in other performance warranties, the moti-

vations, Incentives , benef its, and objectives in an RIW are present to

some degree in most performance warranties. What Is different Is the

applicat ion of this type of performance warranty to military avionics

procurement and an increasing belief that the RIW uniquely motivates

contractors to behave a certain way. What may also be new Is the

possibility of increased buyer control , resulting from a more explicit

contractua l arrangement. Means other than the RIW can , of course ,

also increase buyer c o n t r o l .

_____ 5-—-—-- - _ _
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COM MER CIAl. WARRANTY EXPERIENCE

Consumer Pr odu cts

The ri’ Is one Important di if crone e between t he  commercial afld

m i l l  t arv buyer. The retail consumer ’s bargainin g power, based partl y

on the extent and qua! Ity of his i n f or m a t i o n , is much less thasi tha t

of the  mill t a ry buyer .  Qes i t  e naturall y ,  the ret all buyer (tint ike the

nil it arv buyer) needs grcatc’ assurances , which leads to a greater

tsse of warrant tea , because the retail buyer probably knows little

about  £ he- prothsc t and isas lit t it’ mont rol over the soIl or ’ a quality.

In t’ o n tr a st , t he  n i l  I t ar y  buyer has cons ider abl e  b ar g a i n i n g  power ,

knows the p roduct q u i t e  w e l l  , and in fac t act ivel v part Ic ip at  l’s In the

deve lopment and prod ut - t ion of the Item . Tb is c rum I a I it lit ere’nce

l i m i t s  the utility of commercial experience as .i basis for the military

use of warranties. Nevertheless , the mi litary ’s use of wa rr a n t i e s  t o

met ivate contractors to improve their products ’ reliability has often

been just If I i’d on the basis that (1) consume’s- p t-oduc t wa rr a n t  I es have

p r ov ided t h e  consumer with a more reliable or hi ght ’r qesa l i t  y produc t ,

and (2 ) w a r r a n t i e s  s h i f t  the  r isk of repair  or replac ement costs  to

the manufacturer. Both assumptions are generall y Incorret’t.

Consumer goods wa rr an t i e s  have act ua l l y had a very poor record

from the consumer ’s perspective. Cenerally they have been used as a

1’v. ’P ’l~’f :~‘~~: .- ~~~~~~ to Increase sales and market share or as a
t - ~ t f~’t - Jes ’?~ t - to l imi t  l i ab i l i t y  through exc lus ions  and d i s c l a imer s .

In either case , warranties serve the seller ’s interests , not the

custome r ’s.

One good example of the use of promotional warranties is provided

by the ’ nutomo t (ye I n d u s t r y .  B e fo re  1 Q(~O, a l l c-ar  m ake ’t s  g ran t ed  a

th ree  months or 4,000 m I t e s  w ar r a n t  v to consume - rs and a cone~’a led one’

~J. C. Udell and F. F. Anderson , “The Produ ct Warran t y  as an
Element of Competitive Strategy ,” ,Tc~urnai of M,-irkt’ti~s~, Vol . 32 ,
October 1968, pp. 1—8 ; C. Fisk , “Systems Perspective on Automobile’
and Appliance ’ Warranty Problems ,” Tire ,J~sa’,sa1 

~
‘f ‘~‘~I ssr4m , s ,  fj~ ir.~,

Vol. 7, No. 1 , Sunm~er 1971, pp. 12—54.
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v -ar  or 12 ,000 m I l e - s  w ar r an t y  to dea lers . 1 Ford’ s marketing people
t h ou gh t  t h a t t h ey  c o u l d  attract more customers , at a lmos t  no e x t r a  c-oat ,

hr ~‘ f t  er lug the dealer warranty d l  roe t I y to consumers.  Other  car  makers

(mined l a te l y  copied t h i s  move , n u l l  ifying t-ompetit ion on that basis.

In 1962 Chrysler extended its warranty to five years or 50,000

miles on the power and drive train , and the other auto makers offered

two year warranties for the entire car. This differentia l remained

until 1967 and was generally believed to have been a major factor in

improving Chrysler ’s market share 67.7 percent (from 9.6 percent in

1962 to 16.1 percent in 1967), doubling its sales volume (from 667,000

cars in 1962 to 1,343,000 cars in 1967), and tripling its net income .2

For the 1967 model yea r, the auto makers matched Chrysler ’s war-

ranty. This lasted until 1971, when all domestic car makers reduced

their warranties to one year or 12,000 miles. They found their pro-

motion abilities better than their warranty coverage abilities. An

FTC report concluded :3

1. Quality control and warranty performance were declining.

2. The industry deliberately oversold its improved warranty in

the 1960s, creating the impression that “higher levels of

engineering and manufacturing skill” had overcome the corn—

p lexity of the automobile.

3. Warranty extensions had no correlation with quality or devel—

opment8 in engineering and manufacturing.

4. The industry ran one ad after another emphasizing warranty

as a proof of a better made car.

‘A. A. Strod, “An Investigation, Using Computer Simulation of
Model of Product Warranty Effect on Operating Income,” Ph.D. disser-
tation , Syracuse University, June 1975; T. S. Clickman and P. D.
Berger, “Optimal Pr ice and Protect ion Period Decisions for a Prod uct
Under Warranty,” ?4anag6rnent Soienoe, Vol. 22, No. 12, August 1976,
pp. 1381—1390.

2Strod (1975), p. 26.
3”Staff Report on Automobile Warranties,” Federal Trade Commis-

sion , 1968.
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Some car makers admitted their estimation errors. In December of

1966 Ford Motor Co. estimated that their 1967 model year extended war-

ranty would cost them $79 per car. In July 1970, Ford reported that

their 1967 model year warranty cost would actually exceed tha t esti-

mate by over 50 percent ($120 per car). At that time, there was a

substantial Increase In warranty costs. The total Ford outlay to

dealers for warranty costs between 1966 and 1967 increased by $130

m i l l i o n .  For Genera l Motors the increase added $200 mi l l i on  to costs;

for Chrysler , $80 million. ’ As a result, some car makers attempted to

red uce t h e i r  costs hr l i m i t i n g  reimbursements to  dea le r s .  In one cas’,

the dealers sued the auto maker because it had advertised the 1967—69

five \‘ear warranty “without regard to its own quality control of its

manufacturing process, and further without regard to the inadequate

number of trained mechanics available for employment in automobile

dealerships.”2 In summary , the extended , RIW—like auto warranty has

generally not resulted in a more reliable or h igher  q u a l i ty  p r o d u c t .

I ts use has been mostly promotional.

Turning to the use of the warranty as a i’.~t ’1i: ’~- device , the
President ’s 1969 Task Force Report on Appliances , Warranties and Ser—

vices concluded , “The majority of the major appliance warranties cur—

r e n t ly  in use contains except ions w h i c h  are u n fa i r  to the purchaser

and which are unnecessary from the standpoint of protecting the manu-

facturer from unjustified claims or excessive liability. ”3

A supporting congressional study4 found that t he  exemptions and

disclaimers that producers used in limiting their lega l obligation

fell into the following categories :

1R. A. Moellenberudt , “An Analysis of the Effects of the Product
Warranty on Selected Companies in the General Aviation Industry,”
Ph.D. dissertation, Un ivers ity of Nebra ska , Lincoln , 1973.

2
Quoted in “Some Variable Costs of Ownership: Repairs, Insurance ,

Warrant ies ,” ‘t~ zai ne’r Reports, Apr il 1970, p. 202.
3Reported in the House interstate and Foreign Commerce Commit tee ,

Subcommittee on Commerce and Finance , Staff Report on ~~~~~~~~~~~~~~

Warrantit’a, September 1974.
4Ihld .
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1. Transportat ion and shipping costs and/or servicemat~’s t rave l

charges excluded .

2. Home use only-—other uses exc luded .

3. Filters, plastic , and/or glass parts excluded .

4. Consequential damages excluded .

5. Disclaimer of implied and all other warranties.

6. Limited to parts only or to specific parts.

7. Warranty registration card required .

8. Void if serial plate defaced .

9. Special appliances excluded .

10. Opinion of the seller governs.

11. Valid for original purchaser only.

Analogous exemptions and disclaimers are to be found in the RIWs,

particularl y in the contract clauses describing failure exclusions

(Sec. II).

Consumer warranties have worked so poorly that Congress passed

the Magnuson—Moss Warranty Act in 19751 to assure the consumer some

warranty protection through Federal Trade Commission monitoring of

warranty practices.

The consumer product warranty experience does not substantiate a

warranty ’s ability to protect the buyer or produce a better product.

Contrary to the lessons offered by commercial experience, the DoD is

using warranties to expand contractor liability and induce quality In

produc t design.

Commerc ial Airline Avionics

As with consumer products, the use of warranties on commercial

avionics equipment has been cited often as a basis for the use of RIWs

by the military, particularly since one study concluded that RIWs In

commercial avionics procurement produce higher equipment reliahility .

1P.L. 93—657, 15 U.S.C. 2301 (1975).
2H. Ba laban and B. Ret terer , The Use of War ran t i e s  for  Defense —

Avionics Procurement ,” AR INC Research Corpor ation , RADC TR—73—249 ,
June 1973. See also P. Klass, “New Data Yield Clues to Reliability, ”
Aviation Week ~~~ ~~~~ Te~~: ’z~ l o ;u , February 13, 1967.
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That report compare s n i l  i t a r y  and airline MTBFs I or simil ar equi pment

(see Tab le  8). At first sight , i t  app t .Ir s tha t the airl in e MTHFs . ur e

higher , even tor t h e  last  th ree  equl pmt’nt classes where t h e  compar isons

are bet ween I dent lea 1 u n i t s .  It’ t the equI pment is similar on I v in

f unc t ion , not nec e ssa r i ly  in pe r fo rmanc e .  The higher per f on ~anc e stan- -

dards for the ml lit ar ~‘ may decrease r e l i a b i l i ty .  l~or examp le , ~ It bough

an inert Lii nay igat ion sy s t em for a commercial a I r l  in er  and a t roop

transport may be similar , the military demands greater precisi on or

imposes greater environmental loads. A commercial transport aircraft

iner t i a l  navi gation system need onl y he accnrate enough to keep t h e

airplane in a 20 X 2S mile lane box unt Il radar picks It up near its

destination point and vectors it in. A troop transport would require

much greater accuracy  because i t  mi ght have to f i n d  i t s  dest  that  ion

point without the aid of ground radar. Likewise , t h e  m i l i t a r y  in e r t i a l

na v iga t ion  system is subjec t ed to a greater env i ronmental load In that

the troop tran sport requires a faster w ar m — u p  t the because i t  s use Is

not always scheduled , wher eas the warm—up t ime fo r a comm erc i a l  system

is not crit lea! because ft can be turned on long b efore  i t s  scheduled

use.

Reliability differences may also he due to one or more of the

1o1 lowing fac to r s : procurement prac t Ices • ope rat  b o a  1 envIronment

maintenance environment , equipment design and comp lexit y , and data

collec t ion and retention procedures (see Table 9)) Furthermore , it

is not possible to quantify the degree to which these factors affect

observed MTBF. Nevertheless, that study conc l uded . “The extensive

air! Inc use of warranty provisions in comme rcial ) avioni cs p r o cu r em e nt

contracts would certainly exert ~ pos i t  lye in f lu en c e  on i n i t i a l  tel lab Il—

ity achievement and on ret Lab ilit y growth.

1An illustration of the differenc e in data collection and rt’ten—
tion practices can be found in the Kiystron electron tube warrant V

program. The value of that warranty was destroyed when the Air Force
incorrectly coded the item as a “throwaway .” When removed by service
personnel , the  i tem was discarded instead of being re tu rned  to the
contractor for repair or replacement.

2Balnban and Retterer (1973), p. 13.
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Tablv 9

DIFFEREN CES BETWEEN DEFEN SE AND SPACE , AND COMM ERCIAL PRODUCTS,
IN THEIR DES IGN , USE, ENVIR ONMENTAL SURR OUNDIN GS, STORAGE , A?~I) MA I NTENANCE

A. DESIGN OF PRODUCT

Designs usually are geared to the fol lowing objectives in order of
priority:

DEFENSE AN!) SPACE COMMERCIAL

1. Improved p erformanc e c a p a b i l i t i e s  I. Simplicity of equipment to
involving advancements In the permit fool—proof operation
state of the art

2.  Cont inuous operation of equi pment 2. Competitive performance
under extreme environmental and capabilit y
working conditions

3. Extremely limiting space and 3. Lowest possible cost
wei ght res t ric t ions

4. Reasonable cost 4. Reasonable equipment life

- assuming normal use under
average conditions

5. Poss ible  long—time storage before 5. Ease of maintenance
i n i t i a l use

6. Desig n changes cont inue a f t e r  6. Design is completed and frozen
p roduct io n begi ns be fo r e production begi ns

B. USE OF EQUIPMENT

DEFENSE AND SPACE COMMERCIAL

1. Moderate pre—purchase testing 1. Extensive pre—purchase testing

2. Nonnallv used tinder the worst 2. Normally used under the best
possible field conditions at possible field conditions
extremes of temperature , designed for the  comfort of
etc. the user

3. Operated by people who have 3. Operated by people who are
little or no motivation to h igh ly  motivated to  “preserve”
“preserve” the equipment the equipment either because

of ownership or in the interest
of job retention

4. Because simplicity of design 4. Because the equipment was
usually is not a primary objective , originally designed with ease
operation of complex equipment Is of operation in mind , this plus
normally also surrounded w it h  equal the greater experience and
complexity. Operationa l training training of operators make for
is norma l ly  inadequate and never fewer field problems.
keeps pace with design and result—
ing operation changes

5- - - - -  - ----~~~~~~~~-- - --
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(Table ‘~ con t I imued )

. ENVIRONMENTAL SURROUNI)INCS

DEFENSE A~ I) SPACE C~ M M E R C l M .

I - The loca t ion  o t ultimate field use I. The approximate location ot
of the  equipment  is r a r e ly , i f  ever , u l t i m a t e  equ ipment  use i s  a I ~~. t s
known and des igns  mt~st therefore known . If the same TV modt ’l is
make provision for extremes In t o  he distributed tor salt’ in
t emperature , humidity, equi 1 ihr him , Canada and t he t rop ics , suit at.’! c
v thr.it ion , ma Inten.in,-e and repair . adaptive changes arc made in the
etc. products sent to d if (crent a rea s

2 . Because of the ever—Increasing need 2. Extremes in phys ica l  c o n d i t i o ns
for greater economy in defense , of use, such as excessive
there Is an increasing desire for vibration , etc., are rarely
multiple usage of equipment——for encountered
example , aircraft suited to both
land and sea warfare; communication
equipment usable in ai r cra f t , on
the ground , and under the sea, etc.

D. STORAGE

DEFEN SE AND SPACE COMMER CIAL
I. Many of the products purchased by 1. On—the—shelf storage of commer—

NASA and DoD are for long— t ime cial p roducts  before  sale an5l
storage before actual need and use. use is of short d u ra t i on
Damage sustained during this period
of idleness Is extremely difficult
to isolate and distinguish from the
causes of malfunction in later use.
Mishandling du r ing storage ca n he a
malor cause of la ter  d is f u nct i o n

MAINTENANCE AND REPAIR

DEFENSE AND SPACE COMMERCiAl .

I . Frequently at tempted by inadequately 1 - Usual 1 per fo rm ed by compet ent
t r a i n e d  serv ice  personnel under ad— personne l t ind er f .i~’or . ih le  shop
verse f ield cond i t i ons  and w i t h  c on d t t  tons
improper or inadequate facilities
and tools

2. Subseq uent a t t e m p t s  to p l ace the  2. Usually easy to d e te rm ine
blame for equipment mal function whether mat funct ton of equipment
where it properly belongs are was because ot produc t f a t  lure
eithe r difficult or impossible or user abuse

3. The cost of improper maintenance
and repair Is exorbitant and t he
equally hig h cost of settling the
responsibilit y for malfunction
added to it make the enforcement
of express warranties non—cost
effective in the extreme

SOURCE : Adapted from letter from CODSIA to Dr. Paul Arvi s , Director .
P.S. Army ~‘rocurement Research O f f  it -c • U.S. Army logistics
Management Center, J u ly  2 , l Q 7 S .
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r t i is  ~onc lus ion is not justified . Al t h o u g h t here ~‘i i~ a b.. ., 
— 

—

correl at Ion between warrant tes and an increased MTBF in connncr..- Lii

a v i o n i c s , c a u s a l i t y  was not d e a r ly  e s t a b l i s he d .  In t a c t , i t  is qu..s—

t lonahi e how strong t h e  ..-o r re  1.1 1. Ion between t he w a r r an t  ~
, and Inc  r eas~ d

MTBF a ct u a l lv  is. If there is a correlation between t he  c o m m e r c i a l

av iou i cs t’u~v i r onment  and a h i g h  MTBF, a correlation b etween t h e  ‘.S’a r—

r an t  v and MT BF dot ’s not  nt’ce-ssar liv foil ow.

Even L I  we assume tha t the warranty caused an i nc rease  in MTBV ,

d i d  tha t nt’eessari l v  result in lower ii I e — c v c l  e c ost s  f o r  the  b uy e r)  
~
‘

- 

The same St ud y conc l uded that warrant it’s represent just one’ f a c t  or in

the’ a in  Inc procurement environment t h a t  tends  to v ield reliabi l it y

and -
, 
: ‘ ~~ 

- — : ~~ . ‘ ..- value’s much more f av or a h l  ..- than t hos e ’ o I compar-

able military appl icat ions.’

It  has never been shown that the airlines have more t avorable

1 ife— cvcle costs as a resul t  of using a warrant v . In f a c t  • a l t h o u g h

recovered warranty claim figures are somet imes ment ioned , no c o s t —

benef i t  analys i s  has been done . Thus , these f i g u res are not useful

except to show tha t some war ran ty  c la ims were made and recovered .

The evidence is i n s u f f i c i e n t  to support  the  asser t ions  t h a t  the

ai r li nes have a hi gher MTBF than the m i l i t a r y  because of the warranty

or that the warranty results in lower life— cycle costs in commercial

avionics procurement . Therefore , the justifi cation of warranty usage

in the mi l i t a ry  on the basis of better MTBFs in commercial avionics

Is misleading.

COMPLETED DOD WARRANTY PROGRAMS

The extensive trial use of RIWs was prompted large ly  by the

highly regarded use of warranties by commercial airlines and sonic

favorable analysis of their potential for military app lication. Al-

though the action coinc ided with considerable attention to the concept

1lbtd., pp. 22—23.
2”The airlines have developed no standard by which to measure the

cost—benefit derived from the use of warrant\’,” Bizup and Moore (1976),
p. B—’..
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1w hot ii t hi’ Navy and t he Air Eu rc t’ • 
2 

a ct  I h i  I Dot) exp er t  cut-c w ft h w~i r --

rant Ics at t he’ t ime’ was ve ry I m itt cii

Even t odav , I i t t  ormat ton about at- t ua I w a r r an t y  out comes Is I in i t  t’d -

Ava I .ab I i’ out i one’ cia F a on I he cur  ren t  t r I a I war r an t  y proc t i rcmt ’nt  s ar c

scsi ri- i- and I nt-c’uc I us I vi- . flowevi- r , a va I a h i t -  dat  a dii p i- rut I I exam I 11:1 t I t ’ii

of  t lu’ t hi- ct’ pr ogr ams in wh I i~h t hu’ warranty per toil has lapsed .

The N avy ’s 2_ l7)  i~yr osi-op t.

Eoi p rat- I I cal  pu rpo st’5 , t he. f i r s t  f t  i’m purr  hasi ’tI by one o lie-
milit a ry services under :1 w a r r a n t y  was he Navy ’ a CN 4’)4A/A ,I Ii— I ( y  to—

su~ep1~ ( ht’ni’ I na I t  er t d c ’ i-red o as t he I I 7 1 gyro—— hi c-ott t rae or ‘ a

f lt )t f l t ’f lt ’  I 2 1 ( 1 %  1t’) . ‘th e 1 17 1 gv no was in it I al l v ties I gnt’d anti p rodut - t-d by

Lear St eg 1 ,- r • In c .  Iii t he t 9 SOs and was In t reduced int o at- rv I c-c’ wit h

hi’ A—4 and F—A a fri-r aft In tI ~’ ear lv I ~)6Oa - ‘Viii’ I t em I nit Ia 11 V i- x --

per Lcnce ’ei d i s a p p o i n t i n g l y  low ret tab ti l t  Y — — a  MT 1W of IOU i i  I g h t  hours .

In response , a p rodut - t Improvement / re’t no fit p rogriun was begun to clev 1 st-

anti In st  it  uti ’ corre~- t I vi’ desI gn t~ hanges - W i t h i n  severa l years , I in’

M1’BF was improved to lAb f l i g h t hours .  However , t h e  Navy never he ’camt ’

ent (rely set f — s u f f i c i e n t  in  overhau l  In g  zinel re’pa Iring fall i’d unit s •

He-cause’ of tli - many ret urns , It retained 1.t’ar Si e’gl er to hand Ic spill —

t )V L 1 r ep a ir s .

Sc-c . , e- . g . , Depart  mt ’nt of the  Navy, tk’ndquztrte’rs Nava l Materiel
Ce’tnm~tiicI , ‘‘App I tcat Ion of Fall tsr.’ F’rt’e Warranty Provisions ,’’ Memorandum
date’d II May 11)71; I.e’t Icr t rots Navy Mater lt’ l Command to Coininandt ’rs ol
Systems Commands , ‘‘Trial list’ of Relia b ility lmprovemi’nt Warrant It’s,’’

20 Mare- h 1974 ; P. .1. A Ll en1 ~~~ 1 ’a ( ios of ’ Ret- icth il  I ty 1 tri~’i ’.’i ’ ePrie ”Zt
Mu’r’1tn ( : j  (it’lls’) f Pot) / ‘PL ,‘u~

, ‘m~ a f i t , Master ’s t In’s Is, Naval Post graeiuat i-
Sc t it iti I , March 1 97 S .

e.g., 11 .5. A ir Force , DCS/Systems and log Istics , Dlrcctorat~’
o l  Procur~me-n I Pot Icy , m t  .‘~ irn (Ad te1~’1 Inca’ , Re! hi?’ i / t ty !PPt ( ’P.. ‘t ’ e ’fltePt

Wit rr~us t i ,. ( 111W) , July 197/,; AR INC Re’searc Ii Corporat i t i t i  , l’no 1 IPIIP1 ,zt ’?j

~ ‘~~: Warr..zuty i\xta Ne.’da, ~,1. -~’t ‘a ,z , t ,j  !‘ , i / tj t ’Pt ( ‘t ’i f e i ” .t ,
h) Sept ember 1974 ; P. Dunn and A. 0 it yan , Pt’iz lua t (‘a • ‘f Pt’. ‘i’. ‘o - 1  ‘ri— * -

t , - t - ! u  t ’  1’s - Vo,-.1 ( p g  the :1 - ’,’.’t ( , 9: , ‘f ’ w,ii~Lt t,’u j ~~’t l., - l i , i l ’i l  i t u
!p ?i 1’ r ’ 1 ’: ’ , ’Pq ~ af  k’ , p p , g p t f  ( o t t , Master ’s t bests , Air Fore~ Inst flute ’ of Tei-h—
no I ogv , January 197 S ; AR INC Rt’senrt’ h Corpora l Ion , The 1~ ‘t’e 1 ~p,ne~: I ant, i
‘I’t7!!/- iZ :t i ) f ?I’IW OPt,! (‘()JI Pt ’o, ’iii i,,iu, fat ’ the -l it’ i ’, ’p ’,.~’, : t  t’f .7hte)~ Ai ’1-’)

.11 ,~~ ‘i’ if f , Fe’h r u t  rv 197’ •

flu It i ’d ~~t i t  .‘ -~ Navy , Av t a t  Ion Supp ly Of I I ~~ 
‘ :~~

- -  b’!’ , -
~~

I - - ‘:‘ ‘ ‘
‘ 
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In 1967, using the data and experience ga ined  In this role , tear

Siegler proposed a warranty arrangement (then i-ailed a “f,’iliure—frvt-

warranty”) for the repair of a fixed gyro population of 800 units for

1500 operating (tours per unit or five years, whicheve r occurred first.

Overhaul and repair responsibility for the other 2400 u n I t s  In  the

inventory remained unc hanged .

The rcse’lting warranty contract h.-~d the goal of increas ing the

warranted gyros ’ MTBF from 400 to 520 operating hours  In three 20—

month phase’s. The first phase tmprov isent to 400 hours was expected

to r e su l t  f rom p lanned updat ing  of a l l  800 unIts to the then most

rd table c o n f i g u r a t ion . The second and t h i r d  p hase improvements to

680 and 520 hours  were to come from processing Improvements and engi-

neering redesign r e su l t i ng  from f a i l u r e  analys is .  The contractual

performance that was called for differed in two s i g n i fi c a n t  respects

front the warranty contracts in force. First , the contractor was

o hl l g.-i t ed only to repair failed units. In this respect , the warranty

was actuall y a type of fixed—price contractor maintenance contract for

a suhpopulation of gyros. Second , unlike the warranties featuring

MTBF guarantees, the 2171 gyro warranty did not require corrective

redesign and retrofit.

The inter im reports on the warranty were generally favorable . 1

The ‘~2 O—h our  lITHE goal was achieved two years earl icr (1971 ‘I t h a n

pred icted . During the same period , the MTBF of non—warranted gyros

Improved to 442 hours.4

1The warranty ended after five years hut was extended two months .
2The pro—warranty MTBF was 246 fZ yine~ hours. For purposes of

the warranty this was converted to ofleratini-
~ hours u s i n g  a f a c t o r  of

1.63.
3
See , e.g., J. Harty, “A Practical Life—Cycl e CostfCo:~t of Owner-

ship Type Procurement Via Long—Term/Multi—Year ‘Failure—Free Warranty ’
(FF~) Showing Trial Procurement Results ,” in 1~~’1 A ntnai,~ ‘f Rc 1 i . t l ’i l i t ~i
.tn l ?‘*iintainahility, Jun e 1971 , pp. 241—251; 0. Markc’iwitz , “A New
Appr oach: Long Range Fixed Price Warranty Within Operationa l
F.nvlronmcnts——Fo r Buyer User,” ibid., pp. 252—258; 0, Markowitz ,
Rep~- rf .‘a A n-ta l~ui is of F ’Y ~~~ ~‘a,’t1 d~’a,, i n.7 Ii’esul I ( ‘i~ I’~ari t he ~‘~‘W ,
‘oat  r. go I ~~~~~~ (? I— (— ,~ JO ! in-i Lic ’~ of  a ‘r~ri,’n’.’ (il ~i’~’ n’)t, ::~ I ‘~ n tf i~ i ’  I
J1 te r a z I  1;’,’, United States  Navy,  Aviat Ion Supply OffI ce , June 1Q7 1 .

~~~t z np  and Moore (1976), p. 176 .

ltd 
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.‘t t  t r thut ion of t he ret La bili ty improvement and t he bet t e- r r.-

b 11 Ity of the warrant i’d em its to t he- warrant v it st-It must pro c eed

cant b ust v - Some of the’ improv ement was l i k e l y  due ’ I.~ the c o n t  igura—

ion upd at  lug and t In’ process Lug Improvements Ide-nt If led hi-fore the

warranty. I.i’,ir S iegl er ’s performance under t he- w a r r an t y  In c  I uded a

ccitt I nuous test program using laboratory u n i t  a . Rough ly  50 , 000 hours

of test lug provi ded data tha t d i r e c t l y  in f luenced  cor r e ct ive  desi gn

t- hanges In warran ted units. To the ext cut that the’ warranty included

a requirement for con t inuous t e s t ing , it could perhaps he credited

with the improvement. Increased testing and modification based on the

tn form a t ion gener. it  i’d has long been suggested as a sa lu t orv  r e f o r m .

It remains to be seen whether requiring continuous tenting independ en t

of a w a r r a n t y — — t h a t  is , using some of the funds now invested in R1Wa

to  f inance additional testing and modification——could have’ pro duced a

similar outcome while saving the administrative costs of the w a r r an t  v .

That possibility dilutes the force of the 2171 gyro warranty e’xpe-rI—

e’nce as a prescript Eve model for  f u r t h e r  war ran ty  app li ca t  ion.

Whether the war ran ty  approach saved the  Navy money is also inicer—

tam . A stud y prepared for the’ Navy Air Systems Command found that

warranty costs at the end of the basic contract actually exe-ee’ded t he’

probable costs of support without the warranty , hut that after the

two—mont it contrac t ext ens ion designed to compe’nsat e for t ’a rile r under-

u t i l i z a t ion , the Navy realized costs savings from the warranty

appr oat - h ,  I ndvpen tte ’ut recalculations in t h e  ~‘our Sc’ o f  t I i i  a at  t id y

revea l ed the different lal to be’ much l ess t han t he’ Nav y ’s ‘- -a I c-u I at ion ;

in f ae- t , a fter th e ’ period extension the  warranty cos t s  ve’rv sI Eght I v

AR INC Resea rc It Corporat ton Warranty tn t ~. m a  I ton Ce-nt e’r , ‘‘ Ca a.’
Study of t he’ 2171 Cyro st -ope ,” fl.cl.

t’. g. , IJt ’( ’ c’rt ‘f I t. i t iaa  ( ‘ni o ’: ~~ - ‘:‘~ t ’ u-:, n: t !‘
~ ‘ - ~~, ~ 

-
~~, - ‘ :

Vol .  2 , pp. 151—166; Robert  Per ry  e’t at • , ~-~o t - ’~ 1’ja! ~~( t  ( ‘‘: :~f r , zr ,- —
(,:~ , The Ran d Corpo rat ton , R— 73 3—PR/ ARPA , .Inne 1971

1H i z u p  and Moore (1976), pp. 13— 12 and Appendix A. 
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exceeded t h e -  p r e d i c t  i’d ci’s t of the  n o n — w a r r a n t y  a I t  c-m at i ye .  iii is

d i f f e r e n t - c- is p robabl y  o f f s e t  by t in- sav ings  f rom reduced spares re—

p’ i re-men t a made- poas fbi ~ ‘ by the hi gher MTBF I e-vt’l n of warrant t-d units

(abo ut 2 1  pe r ct -nt  fewer spares In the ’ .-a~ e of the 2 3 7 3  gyro RI W

popul at Ion) , what  ever the  cause- , and by the- gre-nt em OR rates the-mae-I Vt’s.

The -’ 21 71 gyro had he-en r edcsignt - d seve-ra l t im e ’s and the- contractor

was expcrR-nce’d -in nervit-Ing the fielded Inventory . A substantial in-

crease In  test ins and the Information gained may have accounted for the

greater  MTBF Improvement itt the  warran ted  gyros. The cont rac t  i t s e l f

resemb l ed a fixed—price ’ maintenance contract (note the emphasis on
r e p a i r ) ,  a l though a d m i t t e d l y  one w i t h  an eye toward reliability growth

(note’ the MTBF goals). The ambiguity of the outcome as ide , t h e  2 1 7 1

gyro warranty is a difficult one from which to generalize.

‘l’he A f r Fo rce ’ s F—li 1 ~~cop~
The next major contract involved the gyroscope for the Air Force ’s

F— ill. The F—ill fli ght control gyro (SBK—ll/A24C--26) was ori ginally

desi gned in the  early 1960s by General Electric specifically for use in

the F—ill. The first 534 units were supplied by General Electric under

a sole—source contract. After a review of FY 1969 program requirements

the Aeronautical Systems Division of Air Force Systems Command conclu-

ded that the low reliability of the gyros necessitated a new procurement

in a competitive environment. The Navy ’s gyro warranty provision in-

spired inclusion of a warranty requirement in the new F—Ill gyro procure-

ment. Lear Siegler, the supplier of the Navy gyro, won the competition

for that procurement.

The contrac t awarded to Lear Siegler in January 1969 called for the

purchase of 601 gyros , which were warranted against failure In that Lear

Siegler promised to repair or replace any units that failed during the

warra nty per iod , ended by agreement of the parties in November 1976.
There was no MTBF improvement guarantee or goal. The non-warranted ,

General Electric gyros were experiencing an MTHF of 681 operatIng hours .

1
See Table 10 for the  two calculations.
2
Calculated from a measurement of 426 flight hours using a factor

of 1.6. 
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Although there was no guarantee, Lear Siegler ’s proposal indicated an

expected improvement to 1494 operating hours.

The MTBF growth has fallen short of that projection. During

October 1973 the warranted gyro population achieved a !-ITBF of 1214

operating hours. At the same time, the non—warranted units still tn
use demonstrated an MTBF of 749, the increase generally attributed to
a variety of improvements Initiated by Air Force Logistics Command .

Since that date , the MTBF of the Lear Slegler gyro has ste-a dilv fallen:

In October 1974, it was dow n to 1162; in July 1976, it had f a l l e n  to

995 operating hours. The difference in measured rel iability l evels

cannot be traced to a warranty: Lear Siegler incorporated no major

design changes during the warranty period ,. 1

Several factors, other than measurement imprecision , may have

accounted for the difference between the reliability levels of the

warranted and non—warranted gyros. First , the warranted units were

produced by a new manufacturer at a later date and as a result of a

conrpetitive (through formal advertising) source selection; these

changes may themselves have improved reliability. Second , there was

extensive additional failure mode testing conducted during one year

before the warranty period . As in the 2171 gyro program, this aug-

mented test regimen probably improved the Item’s reliability and could 
—

be duplicated even without a warranty.

The F — i l l  program itself was plagued by problems ,, many i n ter f e r i n g

with the expected operation of the warranty . The two most important

factors were fewer units purchased and severe underutilization of the

units that were purchased :

t o The initial plans called for the purchase of 601 warranted

units. The initial contract was influenced by cutbacks in

the F—ill program and called for only 332 units Additional

revisions reduced the number to 128.

1Lear Siegler did make one minor change: incorporation of a new
bearing actuat ion to correct a directional gyro drift problem .

H 
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o When the wa r r an ty  per iod ended , the operating hours of the

warran ted  u n i t s  were about h a l f  the expected amoun t .  The

u n d e r u t i l i z a t i o n  was due’ to re-current groundings of the F—Ui

fleet and delays In i n s t a l l a t i o n s  of the gyros. The warranty

period began when the gyros were delivered to the Air Force;

the F—ill prime contractor , General Dynamics , often installed

t hem six months  l a t e r ,

The combination of these events had two important results. First , the

ultimate cost per operating hour of the equipment was very h ig h•  La te r

contracts used special price adjustment provisions to address this

problem. A more troublesome result , one not addressed by new contrac-
tua l clauses, Is the deleterious effect on the contractor ’s motivation

to make changes. The few units in the field and the low rate at which

they were used meant that a representative failure distribution was not

achieved until the warranty period was 80 percent complete. Lear

Siegler justifiably chose not to make any investments in engineering

Improvement: Its remaining period of responsibility for the reliabil—

ity of its gyros was not very long, and the prospect for recoupment of

Its investment was reduced by the small number of units in the field.

A third result was that Lear Sleg ler fa! ted t o  meet the turn—a round

t [me’ goa l (TAT goal was 45 day s ;  ac tual  TAT was 90 days) .

The Navy ’s APN— 154 Radar Transponder

The APN— 154 is an airborne X—band Radar Transponder that extends

the range of surface radar and identifies specifically equipped air-

borne targets. It was first produced (by United Telecontrol) in 1965

and has been used in such aircraft as the A— 6, A— ? ,, F—4, F—14 , CH—4 6 .
and CH—53 . Installed in fixed wing, jet , and propeller—driven air-

craft , as well as rotary—wing aircraft , the equipment must operate in

various mechanical and therma l environments. Early rel iabil ity tests

found many failures (the transponder had an MTBF of 534 operat tug

hours in 1 968) were environmentally related . For example, In one case ,

the transponder was mounted adjacent to the jet exhaust tail cone.

During norma l flight and ground operation , the equipment  t emperature’

~~~ _ _ _  - --- -~~-~~~~~ 
—
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was maintain ed we ll w i t h i n  I t s  l i m i t , but  In  ex tended j e t  e n g i ne

ground ope ra t ion , as might  occur d u r i n g  engine Lest or an unusual  tax i

s i t ua t ion , the ’ eq uipment temperature  would rise- more than 30°C abøve~
the maximum limit , causi ng equipment f a i l u r e ’ . Design change-s in th-

heat s ink  and component  pa r t  se l ec t  ions prey (dod sat i st ,ic t o r y  £ rails—

ponder  operat  ion at the higher temperature and an unsp ec ( l i e d  Inc  re-ase-

in MTIW.

In e a r l y 1972 , Un [ted Telt ’contr ol  und er took  a compa nv—f un d e ’ d st u d y

to develop lon ger— l i v e d  r epl  ace-ment s f o r  t he local e’-se’ ii at  or and

magnet ton a ssemh Il c’s - The so two therm ionic as semI’ I I es, p roduc eel be t~ or e-

solid—state devices of sufficient r e l i a b i l i t y  were’ a I Iord ~ib1e , we’re t he’

major causes  of e a r l ’  r failure: They e-on taine’d c~(tl1Odt’S tha t. limited

assembly l i fe to about 250 hours. The study  p r oduced a suitable ’ solid—

state ’ rt’p lacemeii t for the l o c a l  osc [1 LU or des i gn , re’qu [ring onl v m inor

power supply mod ificat ions. Although the  scare-h for  a s o l i d — s t a t e ’

magnetron assembl y was not successful , t he  con t rac tor d iscover ed tha t

the magnet ron ’s l i f e  e-ou ld  be extended by redesi gn i ng the e x ist i n g

cathode structure .

Uni ted Telecontrol  t hen submi t ted  an unsolicit ed i~roposa l to the ’

Navy to suhst it rx e the solid—st at e’ oscillator and mod i t v  the  magn et  ron •

This proposal was combined w i t h  provisions for  w a r r a n t y  cove-rage

(known the-n as a “ f a i l u r e — f r e e ” war ran ty )  and negot ia ted  as an ECP to

the existing production contract .

The warranty went Into effect in . ianuary 197 1.  I t  covered 2 18

transponders for 26 months or 1000 operating hours. (The magnetron

assembly was covered for 24 months and 500 hours.) Data collected

(under test conditions) at the close of the warrant y period indicated

that the MTBF had increased to 2025 hours, a seemingly striking

success for the warranty application .1

No evidence links the warranty and the reliab ility Improvement.

By United Teiecontrol ’s admission , the improvement resulted from the

lessons learned from extensive operationa l use in a number of fixed

1Gus Sciunelling, “FF~4 Experience with the APN—l 54 Reacon ,”
Pro eedint,a ‘f ’ A viat~on Supp ly Offi ’.’ Pa 1:1 ?~ 

- r’~., - , - h’ t’i . pi ~ ~~ “?i  ~i, Z ? .

Philadelphia , Pa,., December 1973, p. 42.

-
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and rotary—wing aircraft and the great improvement in semiconductor

reliability during the period . The warranty appears to have come

along in t ime to receive credit for the considerable test and redesign

effort expended before its incorporation into the contract. 
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lv. CONCLUSIONS

The major applications of the RIW have begun only recently; deli—

ni t ive  observations on their success or f a i l u r e  n a t u r a l l y  must awa i t

better data. As an Inter us t ’t fort , tills report has sought to (1) re.Isse’s~
the lessons drawn [Foul commerc tal warranty experience; (2) suminar ize the

outcomes of the  three e’omp le’ted l)ol) warranty contracts; and (3) survey

and desc r ibe , on a cross—program basis, tile sub st ant lye-  t ern is ot e x i s t —
lug contracts.

When the Office of the Secretary of Defense requested RIW trial

applications in August 1974, mil Itary warranty expeA ience wa s scan t ,

but commerc ial experience was widely regarded as promising . However ,

- 
— from the buyer ’s perspective , commercial experience does not alone

justify optimistic expectations for RIWs . Consumer produc t warranties

have usually been either promotiona l or p r o t e c t i v e —— i . e . ,  they have

either been marketing tools or devices to limit liability. They

rarely improve product quality. Commerc ial airline avionics, which

usually carry warranties, appear at first sight to be generally more

reliable than similar equipment used by the military services. How—

ever, there are too many differences in the commercial and military

worlds——e.g., in definitions , mission requirements, operating and

support environments and data systems——to credit the warranties with

being the major cause of commercial products ’ improved r e l l a hi l i t \ ’ .

Although completed DoD warranty programs exhibited improved relia-

bility, there is no conclusive evidence that the warranty was a major

factor. The improvement of one item is traceable not to the warranty

but to pre—warrcznty and externally generated component technology

advancements. Another improvement may have been obtainable through

effective use of increased testing apart from the warranty program ,

and perhaps at less cost. The third improvement was due to several

factors, the most important of which was not the warranty but rather

a change in contractors. Nevertheless, examination of these programs

does permit the following observations:

_ _  
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o Mod if teat ion after some operat iona l use or appropriate oper—

,lt tona l  test ing is almos t always des i rab le  to t ake advantage ’
of f teld exper I e’flce’ and advances in  component state of the

art and can be promoted without a warranty.

o Implied in the above statement is the worth of schedule flex—

i h i l i t y  to allow incorporation of test data in the subsequent

development and production process.

o To the extent that modification is envisioned or desired , the

contractor should he involved in the initial overhaul and

repair activities to improve its ability to formulate product

improvements.

o Because the prospect for reliability growth is dimmed by pro-

gram quantity reductions and underutilizations , RIWs should

not be applied to programs subject to extreme quantity or

utilization uncerta inty.

Several aspects of the current trial applications diminish the

likelihood that they will yield conc lusive evidence on the r e l a t i v e  value

of RIWs. Because an RIW is a collection of complex contractual terms,

one of the oppor tuni t ies  an experiment like this affords is identify ing

preferred contrac tual construc tions. This opportunity may be lost if ,

as in the case of the present set of contracts , important terms and

penalties vary widely and not in accordance with a consc ious p lan for

evaluation . Two other facts make the variation of terms disturbing:

the absence of adequate “control” groups and conditions , and the con-

tinued consideration of new applications. The design of the experiment

should be improved by at least three actions:

o i~’du ’e the variation in contractual terms and rena? ti,’~ . A

first step is the careful development of hypotheses about

desirable constructions so that variations can be consciously

and systematically devised to test them.

o P o ’:’eiop l’~’tt er ~~ntr ’1 conditions. The same difficulty in

isolat ing the warranty  as the cause of the r e l i a b i l i t y

improvement in the completed DoD programs Is likely to p lague

the analysis of current programs.
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o t ~e 1’.rr~-pii’:, ‘~ t • Rat her than beginn ing  new trial war-

ranty programs for an i nde f in i t e  period , the exper iment .
which  has a discernible blrthdate , should have a finite number

of trial programs . This would permit better assessment ot

interim data ~ud prompt f i nal evaluation.

The experimen t is also hampered by deficiencies in a number ot associa-

ted methodologies.  For examp le , bot h t h e  c o n t r a c t o r  and t h e  se rvices

have limited ability to c o n f i d en t l y  p r i ce  warr ants ’  and n o n — w a r r a n t y

al  te m a t ives - Methods for reliability measurement and pr e’d let ion are

s i m i l a r l y  imprecise. Improvements in these areas would  e’nhance

select ion , mon itor ing ,  and eval ua t ion of w a r r a n ty  programs .

Evaluation of t he  war ran ty  concept w i l l  he f u rt h e r  compl i ca t ed  by

t h e  mu l t i p le , independent  obj ec t ives t h a t  an RIW can serve and the

f a i l u re to estab l i sh pr io r i t y among them. These objectives Include:

o ~‘e iil’: it:, ‘:~‘ ‘ ~‘e”:,”: t . This object lye is attained If the

contractor Is met ivated to change his behavior so tha t t he

i tem he produces Is more re l iab le .

o 1 if ,  —
~~~~. ~ ?e ~~‘et :-e~ia~ -t [ en (eec t c~ [ft : ‘: ? I

• This object iv c IS

attained if the  serv ice “makes a good deal”—— I - • , it the

price of the war ran ty  coverage is less than the price’ of

al te rn a t i ve log i s t i cs  suppo r t a rrangements  and if the war-

r a n t y  does not cause’ offset ting increases in a c q u i s i t ion cos t

or support cost a f t e r  the war ran ty  per iod (or dut-ing t r a n s i —

t io n out of i t) .

o ?‘:c~~~.-’:~ e p!c~ :[ft [n.~) . This ohj ect ive Is at t a (ned i f  the

service and the  con t r ac to r  execute  a b ind in g  Ind e m ni f i c a t i o n

e- &~nt  roe t , en fo r ceable i n cou r t -

Any one of these objectives e’an be a t t a i n e’d wi t hout e i t her  of the

othe rs. That  is (assuming the a b i l i t y  to e s t a b l i s h  cause and c t  fe e  tI

a wa r r an ty  m i g h t  induce rel i a h i l  I t v  Impr ovement  hu t  Increase 11 f ’ —

cve - i c  co st ;  or , i t  m igh t  reduce l i f e — e v e  i t ’  cost hut  have no e f f e c t  on

ret  lab! l t t v  or it  mig ht ( .:il e i t her to r educe I i  fe— eve Ic e’OSt or

-
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improve reliability but instead might represent a binding obligation

on the part of the contractor to provide interim product support. The

military must arrive at a consensus on the priority of these objec-

tives to create a framework for evaluating RIW data and formulating

RIW pol icy.
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