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his study report presents findings and conclusions resulting from
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on the design and development process of selected candidate electronics
subsystems . Eleven electronics subsystems, representing the three majoi
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20.
The objectives of the study are to Identify and document the actual

impacts observed for the candidate development programs, areas of poten-
t ial  wa rranty impact, barriers to achieving Increased beneficial impacts ,
problem areas associated with warranty application , and actions that OSD
and the Services should consider to improve the application and Imple-
mentation of equipment warranties.

The analysis consists of combining the results of many Government
and contractor management interviews with contractor responses to a
standard research questionnaire that was developed to provide a conrion
structure for recording information describing contractor experience with
warranties.~

The prGtçipai findi ngs of the study are in the areas of (a) warranty
requirements a~d application , (b) impact of warranties on candidate
development pro9rams, (c) impact of warranties on candidate product
designs, and (d) conditions leading to increased warranty impact. It was
found that relatively small design and development program Imoacts were
occurring as the result of current warranty application. The potential
for substantial impacts was found, however, if uncertainties in the
warranty acquisition decision process were eliminated and if specifica-
tion relief were granted. Other barriers to increased beneficial impacts
were found to be the constraints imposed by limited program funding and
compressed development schedules.

Based on the study findings, conclusions are drawn regarding the
warranty impact on the candidate subsystems examined during the study.
It was concluded that the warranty appl ication has been uncertain and
imperfect, that warranty options are presently not providing strong
design and development incentIves for achieving improved operational
reliability, and that while warranty actions have captured contractor
management attention, more effort could be expended during development
to achieve the warranty objectives.

Guidelines for future policy development resulting from the findings
are suggested to improve the application of warranties to electronics
subsystems. These guidelines relate to the areas of warranty Integration r
into design-to-cost progran~, optimal scheduling for warranty decisions,warranty requirements definition, specification flexibility , reliability
data and predictive models, development program funding , and development

- ~~

- . program schedule flexibility.
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F O R E W O R D

During the past few years, an increasing number of elec—
tronics subsystems have been developed with contractual obliga—

- - tions for long—term equipment warranties tied to the achievement
of Improved operational reliability and maintainability. These
new contractual techniques for guaranteeing equipment field
performance and for internalizing some of the attendant risk to
the equipment contractors have been a source of debate between
the Government and contractor interest groups. 1 This debate has
centered around issues relating to contractor financial risks,
reliability prediction , and equipment maintenance roles.

This original research effort, sponsored by the Office of

the Assistant Director, Defense Research and Engineering (Plan-

ning), investigates the impact of these early warranty options

on the electronics equipment design arid development process.

Because it is in the engineering development program that most

of the concerns expressed by the contractors and the Government

can be minimized , the results of this research provide an

important Input to further warranty policy development .

As discussed in tne Introduction , this study is limited in

scope (eleven electronics subsystems) and depth of treatment ;

therefore, some of the findings serve only to Identify opportuni—

ties for more extensive investigation. However, the findings and

conclusions of this study are believed to be trans ferable to
-future Service and contractor experiences with warranties.2

1Notably , the Council of Defense and Space Industry Associations (COI~ IA)
and the headquarter staffs of the Services and the Office of the Secretary
of Defense (QSD).

2The eleven candidate subsyste~~ comprise the total (contthued on next page)
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The scope of the research is also limited by the original
task order to an investigation of the impact of reliability im-
provement warranties (RIWs) on equipment design and development .
However, our investigations reveal that most of the programs
under study contain additional forms of potential warranty
obligations , such as guaranteed mean—time—between failure
(MTBF ) provisions or guaranteed logistics support cost (LSC)
agreements. Because specific effects of RIW provisions are
often impossible to isolate, all similar requirements are
included under the generic term, warranty, for the purposes
of this study . Impacts attributable to specific types of
warranty requirements are identified whenever a clear
requirement—impact relationship exists.

Perhaps the most significant observation to be made here
is that , based on recent research into allied topics ,1 the re—
search findings are unexpected. These findings present an
Interesting Insight into the complex forces that influence the
electronics subsystems development and acquisition process.

- p

(contd) population of electronics subsystems with long—term warranty obli—
c -~~ gations that were available for our investigation in October 1975.

Several additional programs, including the AZW5 s ARN-123 receiver and
ARN-1214 distance nEasuring set , the Air Force C—l141 Carousel navigation

- - .‘ system, and the Air Force Qnega navigation system, were negotiated with
warranty contract provisions subsequent to the establishmsnt of the

- candidate subsystems for this investigation.
‘See, for example , C. ~~vid Weimsr, The Application of Design- to-Cost
Acquisition Policies to Selected Electronics Subsystem Developnent

— Progr o-ins, IDA Study S—459 (1975).
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EXECUTIVE SUMMAR Y

A. INTRODUCTION -

This study report presents the findings and conclusions
of a one—year study of the impact of reliability guarantees
and warranties as measured by changes in electronics sub system
design and development p~ogram effort.~ The study analyzes the
experiences of seventeen contractors who participated in the
development of eleven electronics subsystems that were candi-
dates for reliability guarantees or warranties. These elec—
tronics subsystems, shown in Figure S.-l, comprised the total
population of electronics equipment under multi—year warranty
consideration at the Initiation of the research. 2

• The research effort  was based on the premise that contrac—
tors with potential warranty obligations would undertake addi—
tional development efforts  that would influence the equipment
design and change the development program effort in order to
Improve equipment reliability and minimize their financial risk
under the warranty. It was planned that the study would ident ify

* 
, and document those initiatives , and that Insights drawn from the

findings would enable new development programs to be structured
more effectively . Acquisition policy changes or initiatives

- t —S

1Develo~inent program effbrt has been described in ten~m of a percentage in-
crease or decrease over current expenditures ftir manhours and naterlals

- 
- 

- according to funct ional elements of a standardized develc~m~nt program
- 

- : task breakdown.
~~~~~ possible exception Is the Navy APN-191# absolute altinEter , which was

- being produced trider a limited, - t,~>-yeer warranty by Honeywell, Inc.
Several other subsystem develoIx~ nt prvgranm Incorporating warranties
were planned subsequent to the selection of the candidate subsystems.

xvii
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Status Development
No. Subsystem 6/30/76 Contractor(s)

1. ARN-118/l19 TACANa Prod. CollinsC
General Dynamics

2. ARC-164 UHF Radioa*b Prod. MagnavoxC
Collins
RCA

3. APN-209 ABS. Alt imeter a Prod . HoneyweI1C
Hofffl ,an

4. ASN-128 Dopp ier a Eng . 0ev . Stnge r— kearfott
Teledyne /Ryan

5. SLQ—31/32 (V) EW Suite a Eng . 0ev . Hughes
Raytheon

6. B-i ECM Suite a Eng . 0ev . Cutler Haniner/AIL

• 7. F-16 Radara Eng . 0ev. West lnghous eC
Hughes

8. F-16 Inertial Navigation Sys. Eng. Dev. Singer-Kearfott
9. F-16 Fire Cont. Computer Eng. 0ev. Delco
10. F-16 Flight Cont. Computer Eng. 0ev. Lear-Slegler
11. F-16 Radar/E-O Displayd Eng. 0ev. Kaiser Aerospace
h a. F-l6 Radar/E-O Dis. Elect.d Eng. 0ev. Kaiser Aerospace

Notes:

aThese subsystems were previously studied by IDA as Design-to-Cost
subsystems.

bThe ARC-164 UHF radio did not have an explicit RIW option during
development. However, the development contractors knew that the Air

4 Force was going to select the winner of the competition based upon
life-cycle cost (ICC) and that the production contractor was required

- • 
- 

to guarantee (with profit-loss potential) the achievement of field
reliability targets.

CSuccessqul bidder for production award.

-
~~~~ • ~~~~ two subsystems were combined during the study for purpose of

~~~

. 
~~ analyses.

Figure S-i . CANDIDA TE SUBSYSTEMS FOR WARRA NTY IMPACT STUDY

xviii
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that would improve the warranty experiences of both the Services
and equipment contractors were also an expected output of the
study .

The research methodology consisted of data—gathering
through in-depth interviews with Government and contractor
management personnel and the preparation, execution, and
retrieval of a comprehensive questionnaire. The questionnaire

- - 
responses were then combined and analyzed as an aggregate con-
tractor sample response. The Interviews were directed to ac—
quiring insights into the issues surrounding the questionnaire
responses and also to identifying peripheral areas that were
important influences on contractor behavior .

The scope of  the stud y is limited by the selection of the
eleven electronics subsystems containing contract warranty

provi sions, the time span of the research effort, and the
necessity to protect competition—sensitive and contractor—

proprietary data.

B. PRINCIPAL FINDINGS

The research effort  yielded a number of significant find-
ings related to the application and impact of warranties on
the candidate programs.

-~~~ ~ 1. Warranty Requirements and Their App lication

Our investigations into warranty requirements and their
application provided findings In areas of contract requirements,
the contractor development environment , equipment maturity ,
and warranty negotiation.

Most of’ the programs investigated contained multiple
warranty obligations or options geared to the achievement of
specified operational reliability. The requirement details
were similar for most of the programs examined .

xix
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Equipment warranties covering operational performance for
time periods exceeding two years were found to be new contract
requirements for the candidate contractors, most of whom lacked 

- . 

-

previous military warranty experience. The warranties therefore
represented a completely new contractual commitment for the
contractors .

Contractors were not usually able to negotiate the detailed
terms and conditions of their warranty obligation until negotia—

tion of the production contract . This situation was found to
Inhibit important design trade—off ’s during the engineering

— deve lopment program .

Most (eleven of sixteen) of the contractors described their
equipment as a “new technological development” rather than a
product improvement over a previous model. The risk associated
with predicting the ultimate field reliability of the equipment
was found to be increased because of the lack of relevant field
data on previous equipment.

Difficulties or critical areas during warranty requirements

negotiation were reported in eleven maj or categories. Measure—
ment of field reliability, definition of relevant failures, and 

- - 

-

warranty price were the critical negotiating areas most frequently

Identified by the contractors.

V 
- 

2. Impact on Candidate Development Programs - 

-

The overall impact of warranty requirements on the candi-

date development programs, in terms of the increase in develop—

ment program effort, was reported to be small. An average Impact

of 5.5 percent increase in effort was recorded based on all six—

teen questionnaire responses. The development program functional

elements receiving the greatest impact were contract management,
program management, design analysis, data and reports, and
financial management.

- —---—.
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Maj or barriers to additional program impacts were also
identified . The major constraints, as reported by the con-
tractors, were the uncertainty of warranty requirements, the
shortage of additional development funds, the constrained
development program schedule, preset unit—production cost
goals , and inflexible equipment performance and product
specifications.

3. Imp~ct on Product Desi~~~
The Impact of warranty options on equipment design was

reported to be minor , except for contract—imposed requirements
for box seals, elapsed—time indicators, and warranty labels.
A small impact was reported in the areas of built—in test
circuitry or other means of failure isolation, such as test
equipment accommodation.

The primary barrier to design impacts appeared to be the
requirement to desIgn equipment suitable for both Service
organic maintenance and contractor maintenance .

4. Potential Impact on Candidate Development Proirams

Three warranty application conditions that could lead to
increased warranty impact were Identified and investigated
during the research. These conditions were: (1) negotiation

• of warranty terms and conditions at the beginning of engineer—

: 1. ing development, (2) elImination of the option status of war—
ranty contract requirements, and (3) greater specification
fl exibility.

~~~ 
-
~~ The responses to the research questIonn~tl.re indicated

•that the overall development program effort would have been 
—

increased from 5.5 percent to 8.2 percent if the negotiation
of warranty terms and conditions had been accomplished prior

to the beg inning of engineering development . The greatest

xxi
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impact was recorded in program management (10.6 %) ,  fInancial
management (10.3%) ,  and cont ract management (9 .~~% ) .  Similarly ,
the program effort would have been increased to 10.5 percent it
the warranty terms and conditions were firm rather than an option
at the beginning of engineering development. The greatest Impact
was recorded in program management (1l~%) , data and reports (12%),
and materials and purchased parts (11.8%). If greater ep.cifi-
cation relief were additionally permitted , the entire system
would readjust so that the total development effort (compared
with the actual case) would increase only nominally to 5.6 per—
cent. However, the areas of increased effort were now reported
to be analyses ( 9 .3 % ) ,  data and report s ( 8 . 0 % ) ,  and financial
management ( 7 . 8 % ) .  -:

5. Correlation of Contractor Responses

Certain contractors consistently reported greater increases
in development program effort than did other contractors over
all conditions examined. For those contractors reporting a

1 -~~~ warranty impact other than zero , the estimated Impact on the
• 

-

~ candidate development program averaged 12.LI percent. The
reported Impacts for the beg inning, f i r m, and specification
r e l ie f  conditions were 12.8, 15.1, and 9.9 percent, respectively.
Except for the actual warranty application case, this contractor
subset reported an average impact that was 60 percent higher
than the total aggregate sample.

Attempts to correlate this contractor subset with other
subsets were unsuccessful. Attempts to identify relationships

L - between contractor response and program status, Service sponsor,
competitive environment, major system application, and other

characteristics were also unsuccessful. No identifiable
rationale for specific contractor behavior could be found .

6. Additional Issues Relatin g to Warranty Impacts

The following additional issues relating to warranty impacts
were identified during the research effort :

xxii -
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. Contractor Motivation for Increased Reliability

• Government Credibility for Warranty Success

• Competitive EnvIronment

• Prediction of Field Reliability
- 

• Differences Between Prototype and Production Equipment
- • Design—to—Cost vs. Design—for—Warranty

1 . • Technological Innovation vs. Design Conservatism
• Return—on—Investment Considerations

L • Cost Impact of Equipment Warranties

- • Subsystem Contracting Environment

• Legal Enforceability of Warranty Contracts

- - These issues , either Individually or in the aggregate ,
~~
. were reported to influence contractor behavior during engineer-

- 
ing development by helping to create a greater Impact or by
presenting barriers that precluded further impact.

B. CONCLUSIONS

Based on the findings of the limited research effort, the
following conclusions can be drawn regarding warranty Impacts

- 

on the candidate subsystems examined during the study .

1. Warranty Application Has Been Uncertain and Imperfect

The application of warranties to the candidate electronics
subsystem development programs was made in an environment of
uncertainty created by the experimental nature of the warranty
acquisition policy, the lack of previous contractor experience
with warranties, the advanced technological status of the
equipment , and the lack of definitized warranty requirements
during development. This environment and contractor uncertainty
about the Government ’s ultimate exercise of the warranty option
resulted in an imperfect application of warranty techniques.
Because of these conditions, we believe the warranty experi—
ment s represented by the candidate subsystems may not be

xxiii
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conclusive indicators of the success or failure of the Govern— 
- .

ment ’s warranty policy .

2. Warrant y Options Are Not Yielding Design and Development -

Incen tives for Improved Rel fabilitj

Given the uncertainties surrounding the application of war—
ranties and the observed impacts on the candidate programs , it

-
~ - is conc luded that warranty optIon~; are not changing the equip—

ment design and development procpss in ways that would either
significantly Improve the inherent reliability of the equip—
ment or provide necessary additional information to contractors
regarding expectations of future equipment field reliability.
Presently , the candidate warranty options can be better
characterized as similar to fixed—price options for future
maintenance of production equipment . —

3. The Potential Exists for Increased Warranty Impact

There is a potential for increased beneficial warranty
• impact on the equipment design and the development process If -

~~~~

- - 
uncertainties and barriers surrounding warranty application
are removed. Elimination of the optional nature of present
warranty programs, for example, appears to be an important F

• step. The increased impact can be achieved most efficiently
If maximum allowable specification relief accompanies changes
In warranty policy . Realization of the increased impact could 

-

necessitate longer development schedules and additional develop— 
-

ment funds because of the increased effort involved. - 
-

~~~~ 

-
~~ 4. Warrant y Options Have Captured Mana gement Attention 

-

1Z -
~~ 

- The interviews and questionnaire responses demonstrated
that warranty options have attracted the attention and concern
of Service and contractor management. This concern has been —

prompted by the great uncertainties surrounding the candidate - -

xxiv
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program outcomes. Steps to translate this concern into posi—
tive action for improved equipment reliability are potentially
available (see below) .

D. GU IDELINE S FOR WARRAN TY POLI CY DEVELOPMENT AND
APPLI CATION
The findings derived from Government and contractor inber—

views and the data retrieved during this research study support

several guidelines for continued warranty policy development.

1. Optimal Schedulin g for Warrant y Decisions

In order to achieve maximum benefits from equipment war-

rantIes, the maintenance philosophy for the candidate equip-
ment should be established by the completion of the e4uipment’s
advanced development stage , I. e. ,  before DSARC II. The option
process for exercising warranties should be discarded as
counterproductive to optimizing equipment design and to
achieving increased equipment reliability and maintainability
through the development process.

2. Warranty Requirements Definition

- - 

- 
The specifications and requirements for future equipment

warranties should be negotiated early in the equipment develop—
ment program , preferably during negotiation of the engineering
development contract. These requirements should be treated the
same as equipment design or performance specifications .

3. Integration of Warranties with Design-to—Cost Programs

~ -: The applicat ion of warranties to programs that already con—
tam design—to—cost goals should initiate a reassessment of
the production cost targets to minimize the sum of’ future acqui—
sition and operational costs. A formal process should be

established to enable contractors and Service project officers

xxv
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to revise unit—production cost goals if such a change can be
just if ied on the basis of reduced life—cycle costs. J

4. Specification Flexibility

Specificat ion f lexibi l i ty for non—critical requirements
assumes a role of even greater Importance when contractors
are required to assume additional responsibilities for equip—
merit performance. Thus, specification flexibility should be
an Integral part of each warranty procurement .

5. Reliability Data and Predictive Models

To aid in improving reliability prediction , retrieval of
current and past field reliability data on all generic equip-
ment suitable for warranty application should be continued. $
Efforts  also should be increased to predict more accurately
future field reliability from demonstration test data. These
initiatives should be taken with help from , and feedback to ,
the industrial contractor sector .

6. Development Fundin g and Schedule Flexibility

Preparations for meeting equipment warranty guarantees may
require additional development time and funds. The Defense

- - 
Department should recognize this possibility and take steps to

-

, 

ensure that additional time and money are available .

N-
xxvi
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I N T R O D U C T I O N

A .  B A C K G R O UN D

During the past decade , the Department of Defense has been
concerned with ways to increase the availability of operational
equipment and to decrease the costs associated with operations
and support . 1 This concern has been focused on those systems
and subsystems that most often lead to poor availability because
of deficiencies in reliabili ty or maintainability. In many in-
stances, electronics subsystems proved to be the critical ele-

ments of complex systems that restricted system reliability,
maintainability, and ultimately, system availability. Efforts
to improve field experience with electronics systems and subsys-
tems have included equipment Improvement and retrofit programs,
greater emphasis upon fault isolation and built—in test capability,
integrated test facilities , improved maintenance training, and
contractor guarantees or warranties for equipment field
performance.

Contractor equipment warranties covering equipment operation
over periods longer than one year were initiated within the

- ,  ‘- Defense Department by the Navy in 1967 with the negotiation of
- 

:~~~- five—year “failure—free” warranties for navigational gyro plat-
forms produced by the Lear Siegler Corporation. Although the

Lear Siegler warranty covered equipment that already had accrued

“Availability is the primary measure of subsyst~ n utility and effectiveness
- - based upon the assumption that “available” equipnent is operating in accord—

- ~~~ ance with all design and performance specificat ion values, including reli—
ability. -

,
1

- 

:~
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field operating experience and had an established operational
reliability history , subsequent Navy contracts for aircraft altim-
eters ( Honeywell APN— 19 11) and radio receivers (Northrop Omega )
extended the fai lure—free warranty concept to provide coverage

• 

- from initial equipment deployment up to a two—year operational
period. In 1973, the possibility of extended—year warranty-
provisions was introduced Into several Service electronics
development plans in response to a request by the Office of the
Secretary of Defense that trial use of warranties be introduced [.
in the acquisition and initial operation of a number of candi— -

date electronics subsystems . 1 This action was motivated , in j
part , by the commercial successes achieved by the airlines with

— 

- 

equipment warranties and by the successful results of the early
Navy applications . *

SInce 1973, the trial application of extended—term equip—
ment warranties has been encouraged by subsequent OSD memoran-
dums that have clarified the concept , formulated application
guidelines, and established working groups within OSD and the I

Services to develop improved policies and procedures for moti—
vating contractor performance under warranty contract provisions .2

During this period, several studies were made of the conceptual
basis for warranty use, the details of warranty provisions, and I

the experiences of both the Government and Its equipment con—
tractors during the negotiation of production contracts contain— Iing warranties. 3

- 

~~~~~~~

_ ‘OSD Men~ randum to the Service Secretaries , Tria l Use of Warranties in the I
Acquisition Process of Electronics Subsystems, 17 August 1973.

2ASD(I&L) Me~~rarxium to the Service Assistant Secretaries, Trial Use of Reli— I

I 
- 

- 
ability Impro vement Warranties in the Acquisition Process of Electronic Sya- J

~. ~ tems/Equip ments - Action Memorandum, 111 August 19711. ASD( I&L) Memorandum to
Assistant Secretaries , same subject as preceding memo, 1 November 19711. OSI)

t-.. -

- 
Memorandum to the Assistant Secretaries of the Military Departments (R&D), 

-

1 (I&L) , Tn -Service Reliability and Support Incentives Group, 5 Sept~ther 1975.
ASD(I&L) Memorandum to the AssIstant Secretaries of the Services, Reliability -

Improvement Warranty Guidelines, 16 September 1975.
3The reader is referred to Appendix F, “Annotated Bibliography,” for more in—
formation 

2
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In compliance with the OSD directives , the $ervices subse-
quently introduced options for warranties or maintenance guar—
antees into a number of electronics subsystems currently in de-
velopment . The subaystems selected were initially limited to
those that had been designated as experimental design—to—cost
acquisitions . As warranty option contract clauses and require—
ments were developed , however, the application of warranties
was increased . The most recent application of warranty options
was for the major avionics equipment being developed for the Air
Force F—16 air combat fighter air~raft. 

-

Two studies by the Institute for Defense Analyses addressed
warranties for electronics subsystem acquisitions as part of a
broader study of ways to redu~e electronics costs and improve
electronid’s reliability .1 The 19711 Electronics—X study found
that equipment warranties could provide strong contractor mot i—
vation to design equipment for increased reliability through
the internalization of field reliability and maintenance costs.
The subsequent Design—to—Cost (DTC ) study found a potential for

- 

- - - significant equipment design and development program impacts
• -  resulting from the early introduction of warranties into candi—

• - date DTC programs . A study recommendation for a detailed exami-
- - nation of the impact of warranty options on equipment design and

the engineering development program resulted in the present
research effort .

5 -

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

Based upon the previous IDA study of DTC programs contain-
Ing reliabili ty improvement warranty ( RIW) requirements , there
appear to be a number of activities or phases in the equipment

1Howard P. Gates , Jr., et al., Electronias-X: A Study of Military Electron-
ice with Particu lar Reference to Cost and Reliability, IDA Report R—l95
(19711); and C. David Weimer, The Application of Design-to-Cost Acquisition
Policies to Selected Electronics Subsystem Development Programs, IDA Study
S~~~J 459 (1975).
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I
design and development process that could be significantly af-
fected by the Imposition or expectation of future contractor
maintenance responsibilities. Before investigating these areas,
however , it Is necessary to examine the premise that actions ]
leading to greater equipment reliability can be identified in
the design and development process. - 

-

The primary motivations for establishing warranty contract-
ing arrangements are to increase equipment mission availability,
through Increased field reliability, and to decrease equipment
maintenance costs , through both increased field reliability and
improved equipment maintainability. Therefore, an assessment
of warranties as a procurement tool, must also examine the motiva-
tions and opportunities available for achieving these objectives. 1

1. Methods for Achieving Reliability and Maintainabi l ity
Goals

A review of the literature and DoD policy directives and
memorandums reveals that the objectives of increased equipment
reliability and improved maintainability can be achieved during
two major phases of an equipment life cycle . First, increased

• reliability (and maintainability) can be achieved through greater
effort during design and development . This has been the demon-
strated approach to reliability for both the NASA and military

t - space programs, in both of which equipment cannot be repaired or

* ‘- maintained after deployment.2 The second opportunity to Improve

:- - reliability and maintainability occurs in the operational phase,
after equipment development has been completed . Based on opera—

tional experience, the equipment can be redesigned and new com—
ponents can be retrofitted in the field to “fix” reliability

:~ ~~

1These objectives are assumed to be subject to trade-offs within the overall
goal of reducing equipment total life—cycle costs.

2S~~ for example, Air Force Studies Board , National Research Council, Nation—
al Academy of Sciences, “Reliability in Aeronautical Avionics Equipment,”
(Washington, D.C., 1975).
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problems uncovered during operational use. This approach is
the one that has traditionally been followed, particularly with
electronics subsystems. But unfortunately , this method has
proven to be extremely costly and has seldom restored reliability
to acceptable levels. 1

Both approaches to improved reliability involve a design
- 

effort , whether initially or in a redesign of production config-
uration equipment . And both approaches require proving the de-

- sign through a tes t—fix—t es t  process. These actions constitute
the heart of the Initial reliability development and demonstra—
tion program , as well as any subsequent product Improvement
program .

2. Contractor Mot iva t ions  for Improved Re l iab i l i t y
Du ring Design and Development

— The rationale presented above can now be applied to the
conditions imposed upon a contractor who is developing equipment
that will (or at the Government ’s option , may ) be covered by a
warranty during the f irst  several years of field deployment .

Equipment warranties have been developed in an attempt to
— internalize the problem of degraded field reliability to the

equipment manufacturer such that he will have a strong incentive
to minimize reliability problems in operational equipment and
respond effectively to any prob ’ € : ~is that becom e evident as equip-
ment is placed in use. The incentive mechanism is contractor
financial profit or loss , depending upon the difference between
the measured performance of tne equipment and the predicted per—
formance used to establish the price of the warranty agreements.

- ~ 
-
~ 

1The Delco Carousel inertial navigation subsystem is a notable exception
- 

- to this statement. General 1~btora invested several millions of its
own money but did successftüly improve field reliability under airline
conditions to meet the warranty !vTI’BF goal of 1000 hours.

$ 5
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The price of the warranty will be negotiated, based upon
the expected or specified field reliability.1 The contractor,
accordingly, must take those actions during design and engineer—
Ing development that will reasonably assure that the specified
field reliability will be achieved and that the warranty will
be a profitable part of the overall equipment development pro—
gram.

Emphasizing the design process as the primary method of
I

achieving Improved reliability under conditions of warranty ob—
ligation has been consistently recognized by DoD organizations.
Evidence of this recognition is contained in the DoD statements
quoted in Figure 1.

Date Organ i za t ion Key Statements
14 Aug 73 

- 

OSD (Director of “Many techniques (to achieve greater
Defense Research field reliability ) have been employed
& Engineering) ... i.e., more ... reliable products

are designed....” 
—

24 July 74 USAF(Headquarters ) “Contractors will be motivated to
ensure that their equipment’ s relia-
bi l i ty  and mainta i nab i l i ty  are gi ven
appropriate attention at the time it
is ini t ialTy designed, since this
could affect Its subsequent repair or
replacement costs.”

14 Aug 74 OSD (Installations “The objective of a RIW is to motivate
4 & Logistics) and provide an incenti ve to contrac-

-

- - - tors to design and produce equipment
which will have low failure-rates and
low repair costs....”

11 June 76 OSD (Joint Logis- “The use of RIW5 on selected hardware
tics Conuianders) can provide additional motivation to

the contractors to consider opera-
tional supportability factors during
the design and development process.

~‘y 
-!

- - .1 — Fig ure 1. EVIDEN CE OF WARRANTY IMPA CT ON
DESIGN AND DEVELOPMENT

~
1f all goes according to predictions, the warranty becctnes a maintenance
contract with fee or profit incentives to improve reliability and reduce
maintenance costs during Its ter~n.

6
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Another closely related problem that must be addressed In
the design and development process is the inability to accurately

predict ultimate field reliability from development test results.1

The Defense Department recognized this particular problem In a

recent memorandum that emphasized that field reliability, support

costs, and potential for reliability growth should be “reasonably

predictab le” prior to RIW price bid.2 The Council of Defense and

Space Industry Associations (CODSIA) responded to this RIW imple—
- 

- 

mentatlon directive by suggesting that the “risk of reasonable

predictability . . .  can be satisfactorily mitigated only by pro—
viding for increased development and environment testing....”3

Improved field reliability and maintainability , therefore,
are perceived by both the Government and industry as requiring

design and development attention either during engineering de-

velopment or after operational experience In the field . And

since the terms and conditions of warranty contract agreements
can include severe cost penalties4 for unsatisfactory reliability

after field deployment , the achievement of “satisfactory” reli-

ability must necessarily be accomplished in the development stage.
It is then that efforts must be taken to answer the two ques—
tions: How can the specified reliability be achieved and demon-
strated through design and test? What will the ultimate reli-

ability be In the field with production—type equipment?

1Perhaps the problem of predictability is the primary one to be solved. The
- 

- question Is whether the predicted reliability is an accurate estimate of
ultimate field reliability.

2P~~(I&L ) Memorandum for the Service Secretaries, Reliability Inrprovement
Warranty Guidelines, 16 September 1975.
3c0E$IA Position Paper, “RecciTinendations on Reliability Improvement Warranty
(RB’!),” RIW Task Group, Case 19—5, 30 December 1975.

“The term “penalty” is used generically throughout this report to describe
reduction in contractor profit or an increase in nonreiirbursable costs
resulting fran deficiencies in equipment or contractor performance.
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3. Impacts Resulting from Warranties

Changes in the equipment design configuration as a result
of warranty obligations can be expected for several reasons, in
addition to improving the inherent system reliability. The very
nature of the warranty option will dictate design provisions.
Secure equipment seals, for example, may be needed to protect
against unauthorized entry or repair. Elapsed operating time
indicators may also be installed to monitor the reliability
operating time interval on a replaceable unit . Other changes
In design are possible to Improve maintainability, such as in—
cluding built—in test circuitry and simplifying the design to
permit easy repair or replacement of component parts.

In a similar way , changes in the “standard” development
program can be anticipated to better predict field maintain—
ability and reliability .’ More design analysis should be ex—
pected , additional environmental testing could be necessary, and

L detailed analyses involving prediction of reliability and future
anticipated maintenance experience might be required.

- - 
Thus far, it might be assumed that a warranty impact can be

anticipated only if a new equipment design is to be developed.
The potential for warranty Impact on a design and development
program is not limited to new equipment designs, however; it
exists whenever any one of several conditions Is present. Some
of the criteria sufficient for an impact resulting from the

• 
- ultimate requirement to guarantee equipment maintenance cost

— 
and field reliability are listed below:

( 1) A new equipment design is to be developed.
4- -S

( 2 )  “O ff—the—shel f  equipment doe s not presently meet
reliability goals or specifications.

~~~~~~ Is, of course , no “standard” electronics subsystem develcçinent pro.-
gram for’n~ t. &it the ingredients of a develo~ti~nt program, i.e., deslgi
reviews, failure analyses, and reliability de~~ istration test ~wograme, are
heavily regulated by Oovemnent specifications and Service program planning
doe unents.

8
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(3) Necessary modifications to existing equipment will
affect reliability or maintainability.

(13 ) Proposed equipment must be designed for either
organic or contractor warranty maintenance.

(5) Operating environment has changed (increased
severity ) for the proposed equipment .

- - (6) Contractor has little or no previous long—term
H - 

- 

product warranty or support experience.

C. STUDY OBJECTIVE S AND SCOPE
The objective of this study was to Investigate, record, and

analyze the impact of warranty options upon the design and
development process of selected candidate electronics subsystems.
Detailed objectives of the study were as follows:

(1) Document actual impacts observed for candidate
programs.

(2) Identify areas of potential RIW impact.
(3) Identify barriers to achieving beneficial Impacts.
(13) Identify dysfunctional elements associated with

- 

- 

RIW application. 
-

(5)  Identify actions that OSD and the Services should
consider to improve the application and Implementa—
tion of RIW5.1

Because the earlier DTC study at IDA had developed infor—

mation on a number of electronics subsystems, seven of those
subsystems were selected for analysis in this study .2 In addi—
tion, four other candidate electronics subsystems being developed
with warranty option provisions were selected for study . These
subsystems were all avionics being developed for the Air Force

‘These objectives are as stated in the IDA Task Order, Appendix A.
2Welmer, The Appii~~tion of Design to Cost Acquisition Policies to Selected
Electronics Subsystem Deve lopnent Programs.

9



1
F—l6 fighter aircraft under subcontract to General Dynamics Cor—
poratlon.1 A total of eleven candidate subsystems, Involving
seventeen contractor organizations during development, were thus
selected for study . These subsystems and contractors are listed
in Figure 2.2

The scope of the study was further defined In terms of
research concentration after preliminary discussions with both
the OSD project office3 and the IDA Technical Review Board.
Five major areas, discussed below, were selected for Investiga—

I - tion and analysis.

Contract Requirements. The first area of investigation
- was the requirements for product warranties that were
- 

known or imposed during the development program . An
- - - analysis of warranty impacts could not be undertaken

without an understanding of the contractual require-
ments that were forcing the actions.
Contractor Warranty Background. Another variable that

- plays an important role in the contractor response is
past exposure to and experience with warranties. Impacts
were believed to be more difficult to identify if the
contractor had already incorporated warranty guidelines
or procedures into his development process.
Development Program Impact. This was the major area of
research. Warranty impacts Identified in this area would

- be Important indicators of actions contractors con-
sidered necessary to attain better reliability as well
as to reduce risk. The results of this research effort

— 

could possibly determine the direction of future pro-
gram planning and policy application.

1The basic General Dynamics (GD) contract with the Goverrtnent contains
- 

- warranty option provisions for specific avionics subsystems. These pro—
-
~~ visions were passed down to subsystem contrators as part of the GD

purchase order in essentially the same form as negotiated by GD.
2P~i additional subsystem, the F—16 heads—up display, was considered for in—
vestigation as part of the F-16 avionics warranty program. However, sub-

~ sequent discussions with the F—16 project office revealed that data ac—
I quistlon would Involve &zxvpean travel. It was decided that the time and
j
~ 

cost involved did not j ustif~r retaining this program as part of the sub-.
system sample. -

3OSD, ODDR&E (Planning) .
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Equipment Design Impact. The area of equipment design
impact was also considered a significant part of the
research effort since specific or generic design changes
in preparation for warranty obligations would be con-
crete evidence that changes were occurring and that
equipment design was reflecting concern about the
possibility of future reliability guarantees.

Potential Development Impacts and Implementation Barriers.
Finally , it was recognized that perhaps a number of poten-

- ; 
- 

tial development impacts could be Identified that would
help both the Government and Its contractors achieve
greater field reliability and reduce risks as well.
There fore , potential areas of RIW impact and the bar—
riers preventing those impacts from being exploited were
also investigated.

The overall research effort was based upon the premise that
contractors wIth potential equipment warranty obligations would
undertake efforts to tailor theIr equipment design and develop— —

ment program effort to Improving reliability and minimizing F

risk. The findings, therefore, will relate to the input side
of the development process rather than to the results ultimately

achieved by contractor initiatives.

The application of warranties by the Services has thus far
been classified as “experimental,” and It will be a number of
years before the effect of any additional development efforts

can be assessed. Therefore, it would be premature at this time
to assess the success or failure of the warranty acquisition

concept.

D. STUDY METHODOLOGY

The study was conducted in three successive phases. Phase
I consisted of selecting suitable candidate programs, reviewing

the published literature in the field, and conducting prelimi-.

nary interviews with both contractor and Government personnel.

Phase II consisted of detailed interviews and data—gathering

meetings wIth contractor personnel who were responsible for

the development programs. Phase III consisted of analysis of

the data and report preparation.

12
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The Phase I effort occupied a~proxImate1y 90 days, during

- 
- - which the eleven candidate subsyst€ms (shown in Figure 2) were

- 

- 
selected , the annotated bibllograpl-y (presented in Appendix F)
was prepared, and initial project office and contractor visits
were conducted.

— - The results of the Phase I effort proved critical to the
conduct and ultimate success of the project . It was found that
special access was required to proceed with data—gathering for

the F—16 avionics equipment . Thus, a major part of the Phase I
effort was spent obtaining the required OSD and Air Force en-
dorsement of the study , which permitted official access to the
F—16 program office at the Aeronautical Systems Division (ASD),
the prime contractor, General Dynamics Corporation (Ft. Worth
Division), and the major avionics subcontractors. 1

A critical output of the Phase I effort was the decision
to structure part of the contractor data—gathering according to
a standard research questionnaire. The initial exploratory
Interview sessions revealed that potential warranty Impacts can
be affected significantly by the timing, certainty, and program
flexibility associated with warranty application . In order to
permit comparison among responses under several different con-
tracting conditions , a detailed questionnaire, included as
Appendix D, was constructed. This questionn~ire was also used
as a vehicle for recording information concerning contractor

experience with warranties and for acquiring specific case study
- 

- examples of design and development program Impact. The major
sections of the questionnaire (Parts B and C) addressed RIW

- ; 1 impacts as actually experienced , the potential impacts if the

RIW option had been negotiated prior to engineering development ,
and potential impacts that mIght be anticipated if RIW had been
a firm requirement (rather than an option) from the beginning

1Copies of the Air Force and OSI) endorsement menorandums are enclosed as
Appendixes B and C, respectively .

13

_____ -- - - -~~L1-wc -



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

of the engineering development phase. An additional variant was
added to Part C to determine the effect of maximum specification

flexibility, a topic that had been raised during the initial con-
tractor meetings as a continuing barrier to potential impacts.

Phase II consisted of In—depth contractor interviews . These
interviews comprised a formal briefing by the investigators,
which described the task and the questionnaire, and informal dIs-

cussions of warranty impact, barriers, and contractor experiences.

At these meetings , the questionnaire was presented to the con—
tractor program manager for later retrieval. Any additional
questions concerning the format or data requirements were also
addressed. A number of secondary visits were also made to se-
lected contractors during Phase II to address additional issues,
retrieve questionnaires that had not yet been returned, or clar-

ify answers to specific questions. - (Appendix E contains the
Government and contractor interview schedule.) A total of six—
teen of the seventeen questionnaires distributed during the ~n-

vestigation were completed and returned for analysis.

- 

- 
Phase III, data analysis and report preparation , began 16

June and was concluded with delivery of the draft final report

on 1 October 1976. The analysis consisted of combining the re-
sults of the many interviews with the formal questionnaire
responses In an effort to deduce the collective warranty impact.
In order to preserve the proprietary and sensitive nature of
many of the contractor interviews and questionnaires, all specif-
ic references to contractors have been eliminated throughout

the report. When contractor data taken from questionnaires

are displayed , coded alphanumeric identifiers are used.

E. REPORT ORGANIZATION

This report has been organized to follow the logic and

format established for the study tasks as reflected by the

contractor questionnaire.

14
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Chapter II identifies the principal features of the war—
ranty contracts and addresses those elements of the requirements
that directly bear upon either the design of the equipment or
the conduct of the development program. The chapter also sum—
marizes the specific contract features and warranty requirements
for the candidate programs . 

-

Chapter III presents background information relating RIW
contract requirements to specific programs and contractors.
This chapter also describes the environment and conditions under
which the warranty contract obligations were established. —

Chapters IV, V, VI present the data, analyses, and findings
resulting from the many interviews and the questionnaire

responses. Chapter IV examines the actual reported impact of the
warranty requirements on the candidate deve1opme~nt programs.
Program impacts are described and coupled with the driving re—
quirements wherever possible; barriers to the achievement of
greater Impacts are also identified. Chapter V extends the
findings of the previous chapter to potential development pro—
gram impacts under selected conditions relating to warranty ap-

plication decisiônmaklng and contractor specification flexi—
bility . Chapter VI addresses the identifiable design changes
in the candidate equipment resulting from warranty considera-.

tions. These design changes are described in both specific 
--

and generic terms as the data retrieved tr’dm the contractors

permit.

Chapter Vu addresses a number of important additional
considerations relevant to warranty applications and consequent

- - impacts that were identified during the program office and con—

. - tractor interviews. Some of’ these issues are-believed to be

capable of masking potential impacts that were identified in

the preceding chapters .

Chapter - Vill summarizes the findings of- the research effort

~~~i1
_ 

- 

and prespnts the conclusions derived from those findings.

-
ç - - 
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Guidelines for continued warranty policy development are pre-
- sented for OSD and Service consideration in Chapter IX. FInally , - i

-
- Chapter X Ident ifies a number of areas in which continued study

would lead to a greater understanding of the warranty contract ij- 

envIronment and how it relates to the development planning
process.

-
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EQU IPMENT WARRANTY REQ UIREMENTS

- Section A of this chapter describes the general features
of reliability improvement warranties and companion guarantees.’

- 
- 

Section B summarizes the specific warranty terms and conditions
for each of the candidate subsystems as a general frame of
reference for the subsequent analysis.

- 

- 
It should be noted that specific requirements for warran-

ties vary according to their application. And like the candi-

date applications , many of the warranty provisions are truly
experimental in nature. Lessons learned during the initial
trial procurements could alter future warranty requirements and

I could also lead to negotiated changes in existing contract

arrangements.

I: -

, - Investigations of the candidate subsystems in this study

k revealed that frequently the basic warranty requirement was
-

- - 
accompanied by other guarantees either as an integral part of
the contract or as options to be exercised by the Government .

- Basically, these guarantees fell Into two major categories, 
—

- guarantees for operational mean time between equipment failure

(MTBF), and guarantees for Service logistics support costs.2
- 

-

~~ 

- - Because most of the candidate subsystems were subject to the

~ -z’ possibility of more than one type of warranty/guarantee during
- their development program , each type will described.

- ;  

- 1More detailed discussions can be found in several excellent and ccsiprehen—
sive reports prepared by ~RINC Research Corporation. A recent suninary
report is especially reccnnended: Guidelinee for App lication of Warranties
to Air Force Electronic Syaterne, ARINC Ikib. No. 1500—01—1—1451 (Pinnapolis,
Md.,  1975).

2Ifl~~~ F-l6 avionics contracts contain firm requirements or options for each
of these types of guarantees.

17
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A. GENERAL CONTRACT REQUIREMENTS

L Reliabilit y Improvement Warrant y

A reliability improvement warranty Is basically a contrac-
tual agreement whereby, for a fixed price, the contractor agrees
to repair all failed units (except for explicit exclusions——
see below) returned to him during a specified period of time .
The terminology relating to reliability improvement stems from
the Incentives for improving equipment reliability available to
the contractor both during development and after field deploy-

ment , Some of the key requirements and features of the RIW
are described in the following paragraphs.

a. Warranty Period

The warranty period is the time span during which the war—
ranty is In effect . This period can be measured in total calen—
dar time , beginning at equipment delivery ; a fixed calendar

• time period , independent of delivery schedules and production
rates; or equipmert operating time, measured either by m di— - -

vidual equipment operating—time Indicators or on an aggregate
population—usage basis. Most warranty periods cover a time
period of three or more years, during which some of the older

- - equipment Is expected to require normal maintenance service

and repair.
I

b . Excluded Failures

Most warranty requirement s contain provisions for excluded
- ~ -4, failures. Equipment failures that can be traced to misuse or

mistreatment, for example, are usually excluded from warranty
coverage. A number of reasons for possible exclusions are

listed below. -

~~ 4. • Fire - - -

• Explosion
• Submersion

18
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- - - • Flood and other acts of God
- 

- • Aircraft (vehicle) crash
• Enemy action- 

- • Seal broken on unit while outside contractor’s control
- • External physical damage caused by accidental or wilfull

- - - ~~,. mistreatment
- • Internal physical damage caused by accompanying external

- - physical damage due to mistreatment or to tampering by
noncontractor personnel

- • Induced failures, i.e., failures of hardware items in—
- duced by malfunction or improper operation of outside

- (system interfacing ) units
• Consequential—incidental damages

— • Improper installation, operation, or maintenance.

I c .  U n v e r i f i e d  F a i l u r e s  -

Reliability warranties have provisions to accommodate those
units returned under warranty that subsequently are found to
operate properly (RTOKs). The parameters of this requirement
relate to the percentage of returns that test good, the incurred

- 
costs that are Included in the warranty price, and the costs to

- 

be paid per unverified failure above the percentages covered by
the warranty agreement. 1

-

. .- d. Usa ge Rate Adjustment

- - Most warranties are negotiated and priced on the basis of
an expected usage rate over the warranty period . Significant

- deviations from the Intended usage rate require negotiated
- 

- - warranty price adjustments to account for the change in expected
3 failure rates and maintenance costs.

I

- - 

e. E n g i n e e r i n g  Change I~r o p o s a l s

- One of the primary incentives of a warranty is contractor
~~ 

- --i: freedom to make continuous reliability improvements in the
design of the equipment . The provision that the Government will

- ~~~
- ~~~ ______________________________

~~rpical1y, contractors are asked to price RIOK return rates up to 25 or
30 percent of total returns . The Government usually negotiates a nominal
test and reissue price ( $100/unit ) for additional units that test good at
the contractor ’s plant .

- 

- 19
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accept no—cost engineering change pt’oposals (ECPs ) that do not
alter equipment form, fit, or function permits contractor
design—Improvement latitude with the only restriction that all
equipment be modified to the latest configuration by the end of
the warranty period.

f . Turn-around Time

An important RIW requirement , turn-around time (TAT),
specifies the maximum t ime allowable to repaIr (and place In
storage ) failed units at the contractor ’s plant (or to ship a
replacement spare) .  Since field availability is affected by
delays in repair t imes , penalties are normally assigned through
liquidated damage payment s or consignment spares in order to
keep equipment turn—around t ime within set t ime Intervals.

2. Mean Time Between Failure G u a r a n t e e s

One type of guarantee that has accompanied RIWs and , when
included , must be considered a part of any contractor respcnse
stimuli , is the guaranteed MTBF . Under this type of’ warranty,
the contractor stipulates that the delivered equipment will
attain or exceed predetermined values for field reliability.
The usual penalty for failure to achieve the predicted rella—

- 
- bility has been contractor provision of consignment spares to

replace failed units , thereby maintaining field avaIlability.
For most of the candidate programs , MTBF guarantees have been

- - - incorporated as an additional option , subsidiary to the basic
RIW option . 1

f ~
- t The basic requirements for the MTBF guarantee consist of

specified minimum performance levels as a function of equipment
-

~~~~ 

reliability maturation , the method of determinIng or measuring
achieved MTBFs , and the term of the guarantee , usually set at
t ime periods marked by the achievement of’ specified MTBF levels.

~~ii the F-16 prvgr~na have guaranteed I~YIBF options as an additional option
to be exercised beyond the P1W.fl 20
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The principal contractor risk element of an MTBF guarantee
- ~~. is the cost “penalty” associated with providing consignment spares

if specified MTBF levels are not achIeved and maintained.

3 . Lo g is t ics  Su pp ort Cost Guarantee

The third type of equipment guarantee or warranty Is the
-- - 

logistics support cost commitment , wherein the estimated

Government logistics support cost is computed by means of a
standard negotiated cost model using measured field cost ,

- reliability, and maintainability values. The difference between
- . the contractual target logistics support cost (TLSC) and the

measured logistics support cost (MLSC ) determines the basis for
contractor incentive fees or “penalties,” which normally include

provisions for the “correction of deficiencies.” 1

- .  The warranty or guarantee aspect of the logistics support

- - cost commitment lies in contract “penalties” for failure to

- 
achieve a threshold MLSC. In some applications, the Government

• can demand additional equipment in lieu of penalty payments,

~

- which Is similar to the requirement for contingency spares under

— 
guaranteed MTBF programs . Additional aspects of’ the LSC guarantee
that are similar to RIWs and guaranteed MTBF are provisions for

- correction of deficiencies If the equipment does not meet certain

- 
performance thresholds, such as MTBF.

-~~~ -
-
- The LSC concept is another means for the Government to

- - obtain contractual guarantees that the delivered equipment will
- - meet specified levels of reliability and maintainabili ty. 2 The

I

1~fl~ correction of deficiencies (COD) clause takes on greater significance
* here since It becomes the forcing clause to achIeve specified reliability

-
~~ goals, thereby achieving a mininun MLSC.

-: 2~~~~ LSC formulas usually are dominated by the three major variables : acqul-.
sition cost; field reliability, e.g., MIBF; aril field maintainability,
e.g., mean t1n~ to repair (MI’I’R). - The relative lnçortance of these van-
ables depends upon the equlpnent unit cost, the nuither of units produced,
the level of field reliability, and the cc*tplexity of repair actions.

_



obligation of the contractors is limited over t ime , provided that
the sampling plan for measuring LSC yields favorab le results;
however , if’ the COD provisions are activated and the desired LSC
Is not achieved by contractor actions, the time period of con—
tractor guarantee obligation In many cases could be extended
throughout the equIpment lifetime.

B. CANDIDATE PROGRAM RIW REQ UIREMENTS

This section summarizes the warranty requirements that were
either imposed upon the contractors of the candidate subsystems
as firm requirements or as options available for exercise by the
Government . These requirements are presented in Table 1 in three
maj or groupings : RIW, guaranteed MTBF, and logistics support

cost gaurantees.

It should be noted that eight of the eleven candidate pro—
grams are still in the engineering development stage and changes
in the requirements are still possible prior to contractual corn—
mitment . 1 It should also be noted that the Navy design—to—price
EW suite program did not include specifically defIned RIW
requirements , but both contractors (Hughes and Raytheon),  were
notified by the program off ice that RIW requirement s were under
consideration for selected portions of the system and that they
should analyze their designs for accommodation to RIW condi—

- 

- 
- 

t lons. The latest version of the production Request for -

Proposal (RFP ) available to the Investigators requested that
the contractors propose RIW as an alternate maintenance concept
If they could demonstrate l i fe—cycle cost savings. Thus ,

~ despite the fact that specific RIW requirements had not been
defined for the competing systems , both contractors were
designing and deve loping equipment with the knowledge that RIW

• requirements were a potential production contract Ingredient .
p 

_____________________________

1The requir~nents shown In ~~ble 1 were current as of’ 1 June 1976. They are
believed to be accurate Indicators of the final requirements that contrac—

-

~~~~ tons were anticipating for production award cc*miitment.
22
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Proprietary data available to IDA I dicate that considerable
analytical effort was expended by t e contractors to determine
potential P1W appl icabi l i ty ,  subcon ract influence , financial
risk , logistics considerations , and ultimate support—cost rela—
tionships vls—a—v is organic mainten nce . There fore , while the
P1W requirement s cannot be exp licit  y delineated for this
system , the work of the contractors convinced the investigators
that this system should be retained as one of the candidates
for analysis.

1. RIW Requirements

As illustrated In Table 1, ni iie of the eleven candidate
programs contain explici t ly defined requirement s for P1W ob-.
ligations during the engineering de velopment program . For 

- 
-

those nine programs , the P1W is an option to be exercised ,
based upon the contractor bid at th ’~ time of production contract
award .

Most of the P1W requirements :tre similar for the nine
candidate programs involved . 1 All but the B—l ECM suite have
warranty periods of four years or longer , have provisions for
no—cost ECPs , and have specified equipment turn—around times
with penalties for late delivery .

The princIpal differences in the P1W requirements are in
approval time for no—cost ECPs and the coverage of unverified
failures . The subcontractors for the F— 16 subsystems must
wait 65 days for approval before they can unilaterally in—
corporate no—cost ECPs , whereas the Air Force Tacan and the
Army altimeter and doppler navigation system contractors must
waIt 30—35 days . This difference is the result primarily of’ the
subcontractor relationship between the F—l6 equipment contractors

~ - 1Th1s is not surprising, since ARINC Research Corporation, ~~n1d.ng as a
- 

-
~~~~ Service consultant , was the architect of’ most contractual clauses .

2~
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and the prime contractor, General Dynamics. The latter’8 con-
tract calls for ECP Incorporation 30 days after receipt by the
Government unless written notification of non—approval is given.

Unverified failures are.completely covered by the RIW re-
quirements for all but two candidates——the Air Force Tacan and
the Army doppler. For these two systems , a coverage limit has

- - been established (30 and 25 percent , respectively ) and addi—
tional unverified failures are sources of nominal reimbursement

- - to the contractors.1

In general, the RIW requirements of the candidate programs
— 

- 

- were characterized by their similarities. They represented long—
term obligations on the part of contractors to repair and main-
tain equipment returned from the field and to guarantee equip-
ment availability through specified turn—around times and “penal-

ties” for delay . In every case, these requirements remained as

priced options that the Government had the freedom to exercise

at the time of production contract award.

2. Guaran teed MTBF Requirements

Seven of the candidate subsystems, including all five of

• the subcontracted F—16 subsystems, are being developed with con—
tractua]. options for guaranteed MTBF provisions. Each of the
seven subsystems is potentially under the same general require—

ments, which include total unit sampling, consignment spares

sup~~y, and minimum demonstration time periods. Specific MTBF

values, as guaranteed, are shown in Table 2.

The guaranteed MTBF provisions for the F-l6 equipment are

slightly different from the provisions for the Tacan and doppler

1Unverl fied failures are a serious concern of contractors because past
T ~~

‘ - experience in avionics has shown that 2O_1~O percent of all returned units
test good at the contractor’s plant . The nominal fee paid for each unit
returned over the threshold does not usually cover test and turn-around
costs.
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Table 2. MTBF GUARANTEES FOR CANDIDATE SUBSYSTEMS

Unit MTBF Guaran tee
(Hours)

Candida te Equipmen t 1s t 2nd 3rd 
- 

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Year Year Year

F- 1 6 Flight Control Computer 162 242 260
F-1 6 Radar E/ 0 Dis play 155 228 

- 

244
F-16 Fire Con trol Computer 415 600 640
F- 1 6 Fire Con trol Radar * 70 82 90
F-1 6 Navigation System 185 284 300
USAF ARN-ll8 Tacan 500 625 800
USA ASN-12 8 Doppler 500 500 500

- 

- 
*Radar guarantees are based on individual LRU MTBF values . 

- 

}
navigation subsystems in that the guarantee is an option to be
exercised only after the decision is made to select the RIW ; the
Government may select the RIW with or without the guaranteed 1’

- - MTBF, but the guaranteed MTBF option cannot be exercised in-

~ 1 dependently of the RIW. In the Tacan and doppler navigation
contract clauses, the guaranteed MTBF is an integral part of
the total warranty requirements and is exercised automatically
if the RIW option is selected. .1
3. Logistics Support Cost Commitm ent

A logistics support cost commitment is a potential contrac— 
- 

-

tual requirement for all the F—l6 subsystem candidates and was
an ingredient of the ARC—l6LI radio and ARN—1l8 Tacan development
contracts. 1 These requirements are similar in nature to the

• preset target logistics support cost values derived through the
Air Force logistics command (AFLC) cost formula.2 Field

-

~ 
~~~- 

1The LSC ccuinitment for the F—16 equipi~nt is a finn , basic contract require-
ment unless the P1W option is selected.

25ee G. Harrison , The Development and Analysis of RIW and COD Provisions for
the Air Combat Fighter (ACF) Aircraft , Pub. No. (continued on next page)
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measurements demonstrating the achievement of the LSC will
determine contractor profit or loss. 1 - -

4. Candidate Requirements Summary

An overview of the warranty requirements for the candidate
programs shows that all of the programs are being developed with
either explicit ly defined or implicitly understood requirement s
for contractor guarantees for equipment field reliability. Nine

- of the eleven programs include specific options for an RIW , and
seven of those nine also Include provisions for MTBF guarantees.

— Seven programs contain potential requirements for logistics
support cost commitments or guarantees.

Most of the guarantee requirements are similar among the
candidate subsystems . The earlier ARC- 164 radio program was the

- 
prototype for application of logistics support cost guarantees
and the ARN— 118 Tacan program was the prototype for the applica-
tion of long-term RIWs and guaranteed MTBF provisions. Subse-
quent programs adopted the prototype contract formats. All of
these requirements (explicit and implicit) focus attention on

- the Government ’s desire to minimize operational support costs
— and maximize equipment availability through increased equipment

reliability and maintainability.

t
(continued ) l2611_Ol—1l370 ( Annapolis, !kL : ARINC Research Corp. , 1975) for

~
— ,, more information about the AFLC cost model and the F-16 ISC provisions.

- £ — 

~~~ LSC camnltment is really a guarantee of field reliability and maintain-
ability, to the extent that these ite~~ drive the ISC value. The major

~~~~

. 

~~~ . differences between this camiItn~nt and the RIW~MI’~ ? provisions are the
risks assocIated with or~~nic maintenance, the validity of the field
measurements, and the protection afforded by the allowable interval asso-
ciated with the tar~~t logistics support cost values.
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III

THE WARRANTY INTRODUCTION PROCESS AND
CONTRACTOR ENV I RONMENT

Previous IDA research Into electron ics  subsystem acquisi—
- tion policy and preliminary discussions with both Government

personnel and industrial contractors indicate that the impact
of the new warranty policies is influenced to a great extent by

- 
the characteristics of policy application .1 The earlier the
policies are applied in an equipment development program , the

— longer time the policies will have to influence the equipment

- design or development program planning. The contractor response
to the policies for warranty application mi~y also be affected
by many factors, including (a) the manner In which th~ warranty

• requirements are formally applied to the program and (b) the
-

- 
contractor ’s past exposure to equipment warranties or operational
performance guarantees.

A. iNTRODUCTION OF WARRANTY REQ UIREMENTS

- The Introduction of warranty requirements was found to be

- ,  - a two—step process consisting of, first , informal discussions
between the Government program officers and the equipment con—
tractors and, second , formal introduction of the potential

warranty requirements as contract elements. The formal state-

- ments of future contract requirements usually surface as draft
statements that eventually are refined and incorporated into a

formal Request for Quo~tation (RFQ) or Request for Proposal (RFP).

1This was shown to be a key variable of the des~~~~to-cost acquisitionI 
~~~ - policies investi~~ted previously by IDA and reported In C. t~vid Weimer,

The Application of Design-to-Cost Acquisition Policies to Selected Else—
tronica Subsystem Development Programs, IDA Study S~1459 (1975).

:~ 
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Since contractors are able to ~espond most positively to
formal statements of new contract r ~quIrements , the IDA research
questionnaire was designed to ident fy the point in the develop—
ment programs at which the warrant~i requirements were formalized.
Such ident i f icat ion was believed to present a consistent measure—
ment of an event that would precipl ;ate a contractor response ,
which in turn would reflect a desig-~ or development program
impact.

Of the eleven candidat e progra ns examined during this study ,
nine contain explicit mention of fu tu re  equipment warranty possi—
bili t ies in their engineering devel pment program RFP . In some
instances , such as in the basic F— 16 ful l—scale  development RFP , —

warranty provisions were added as a requirement only in the final
versions. Several draft  RFPs were prepared and transmitted to
the prospective prime contractors and their subcontractors with —
out any mention of RIW possibil i t ies.’ Inclusion of RIW and
guaranteed MTBF requirement s came at a point when the contractors
had little time to react and cpnsider fully the future Implica—
tions for the equipment design , the development program plan ,
and cost.

While the introduction of warranty requirements occurred
most frequently as early as the development prc-gram RFP, the

- 

- 
final negotiation of the specific contract requirements did not
usually occur until some time later. The experience of the
sixteen questionnaire respondents is illustrated in Figure 3.

- 

- Six contractors negotiated the terms and conditions of the
warranty contract provisions during the negotiations for the
combined engineering development and production contracts.2

- 
-

~ ‘It is believed that the concept of guar~antees for logistic support costs was
part of the early or initial program planning. The P1W and guaranteed MIBF

t. requirements were added during the final revisions to the RFP.

~~ 
- - 2These engineering development contracts contained fixed—price options for

production quantities that essentially specified the terms and conditions
for production . There is not to be any separate production RFP award .
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Seven contractors were formally notified of a potential warranty
requirement during the development RFP but were not required
to negotiate detailed requirement s until the production contract .

- - The remaining three contractors did not formally learn of war—
ranty requirement s until  the production RFP . ’ The contractor
survey shows that most (thirteen out of sixteen) learned of the
Government ’s intention to consider an equipment warranty as a
result of the development RFP. However , seven of those contrac—
tors did not know what the warranty requirements would ultimately
be. And each of these thirteen conL actors was developing equip—
ment with option possibilities for warranty exercise rather than
firm requirements for warranty incorporation .

B. CONTRACTOR DEVELOPMENT PROGRAM STATUS

The development program status of each candidate contractor
was also determined by the questionnaire in an effort to qualify ,
by present program experience , the responses describing program
impact . It was found that seven of the contractors had completed
their product development programs at the time of their response

(1 June 1976). The other contractors’ development programs were
from 10—85 percent complete. The average program status of
those still in the development stage at the time of their ques—

- 
- 

- 
tionnaire response was approximately 50 percent complete.

A correlation of program status and application of warranty

requirements is presented in Figure I. The six contractors

- 

-- 
- who negotiated warranty requirement s prior to development con—

tract award could assess and report the warranty impact. Simi—
larly , the seven contractors who finalized the warranty require—
ments during development could report the impact of the require—
ments as they were formulated during the development phase. The

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1These results relate to formally transmitted warranty requirenents or state—
ments of s4~rk for potential pricing and bidding.

- -
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remaining three contractors were obligated to report the impact
that might have occurred had they known prior to the production
RFP that warranty provisions were to be priced as an optional
contractual requirement.

Nunter of Number of
Timing of Formal Number Contractors Contractors
Warranty Requiremen ts of With Completed Still In
Appl i cation Contractors Devel opment Programs Development

Before Developme nt
Contract Award 6 2 4

During the
Development
Program 7 4 3

At Production
Con tract Award 3 1 2*

*These two contractors were the only respondents who did not have
opportunity to experience and report their actual program warranty impact .

Figure 4. APPLICATION OF WARRANTY REQUIREMENTS
AND CURRENT PROGRAM STATUS

C. EQUIPMENT TECHNOLOG ICAL STATUS

The design and execution of product development programs

• - depend in large measure on the technical difficulties to be
surmounted . Whether the product represents an improvement over
predecessor equipment or is a new technological development can
also determine the degree of development risk to be managed
during the program, as well as the ability of the contractor to
predict future field reliability and maintainability from
development program test results. Thus, the Impact exerted by
future requirements for product warranties could easily be en—
hanced or attenuated, depending on the technical risks and
product performance uncertainties to be addressed during
development.
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The technical status of contractor equipment , as determined
by the questionnaire is shown in Figure 5. A majority of the

respondent s characterized their product as a new technological
development rather than a product improvement .’ Other factors

being equal, it Is reasonable to expect that these development

programs contained a significant amount of technical risk, and
by their very nature, little previous product reliability or

maintainability data would be directly relevant to efforts to

predict equipment operational performance with confidence . *

‘ I t
Development Classifi cation

Contractor Product Improvement New Technologic al
Code (over previous model ) Development Other

A X
B X

-~~ C X
D No Response
E X
F X
G X
H X
I x
J x
K X
L X
N X
N X
0 X

- :  -~ I’ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

x 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FIgure 5. SUMMARY OF CONTRACTOR ASSESSMENT OF EQUIPMENT
D E V E L O P M E N T  C L A S S I F I C A T I O N

1Th1s response was unexpected because n~ny of the equipment developments
- 

- 
that were characterized by the Goverri~ nt progran offices as product
irrprovements were not classified as such by the contractor.

- -- 
-- - -~~ --- - - -  
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D. CONTRACTOR WARRANTY EXPERIENCE

Another factor that could be critical in the warranty appli-
cation and response is the contractor ’s previous experience with
equipment warranties. ’ We expected that if the contractors had
previous experience with the negotiation and execution of
multi—year warranties many of the warranty impacts would be
easier to identify during succeeding programs.

Responses to our Inquiry concerning previous warranty
experience indicated that only three of the sixteen respondent s
had acquired mul t i—year  warranty experience on predecessor
equipment . Of the three , only one contractor had relevant
military experience. The ether two contractors were producing
similar equipment for both the military and civilian markets
and had experience with the airline warranty environment on

• the civilian side of their business. However , this experience

was not readily available or transferable to the candidate pro—
• grams because of organizational barriers or differences in

equipment operating environment.

These findings reveal that the warranty proposals and the
eventual contracts were , except for a small minority , the first
contractual exposure most of the contractors had to multi—year

- 

- 
warranties. Generally , there was little internal corporate
experience with the warranty concept and thus very little basis
for adopting a design approach or for structuring a development

program using past warranty experience.

E . WAR R A N T Y  CONTRACT NEGOTIATION DIFFICULTIES

The research thus far has shown that negotiation of war—

- ~ ~~- ranty contract provisions occurred throughout the typical

1We were only interested in the special case of nn.ilti-year, 1~.t1ure—free
repair or n~ intenance warranties. One—year warranties for correction of

— deficiencies or defects were not considered part of relevant experience.

- 
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development program and , in many cases, was not finalized until
the production contract . It was also found that the candidate
programs were predominately characterized by the contractors
as being new technological developments, rather than product
improvements. And f inally , the Introduction of multi—year
warranty provisions was a new experience for most of the
candidate contractors. This environment must now be inte-
grated with the negotiation experiences reported by the candidate
contractors who had successfully negotiated warranty contracts,
or who were currently In the negotiation process.

- 

- 

- Based upon our Initial contractor interviews, a decision
was made to inquire as to which contract areas were the most
critical during the warranty negotiation . This approach was
adopted in the belief that Identification of critical negotiat-
ing areas would be positive indicators of changes in equipment

— design or development planning. Especially when warranty
negotiations occurred early in the development program, it was
thought that innovations or changes in design and development

• activities should be observable that would provide greater
- 

- 
contractor confidence about achieving the most difficult con—
tractual commitments. Ten typical problem areas, derived from
the initial contractor discussions, were presented In the

questionnaire and space was provided for additional entries.

- Contractor responses to this part of the questionnaire

• are shown in Table 3. As Indicated by the table , twelve of the

contractors reported that the measurements of field reliability
- ‘ was a critic-al area. Closely related to this area is “defini—

tion of relevant failures,” which ranked second with ten

responses. Areas of “warranty price” and equipment “turn—

~~
. :~ 

around time” also were critical areas for at least half of
the respondents.

-
~~~~~ ~ Concern about the measurement of actual field reliability

is related to identifying failures that can be considered

36 
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relevant . Because of these findings , the design of the equip— -

ment can be expected to reflect efforts to identity or verify
relevant failures quickly . Also , the design should re flect a
concern for accurately measuring equipment operating times.
Additional development test time to verify these design features

might also be expected.

Turn—around time was of great concern to the contractors

because of the penalties that could be imposed if negotiated j
times were exceeded. Batch shipments of failed units, for -

example, could disrupt the normal production process, and I
costly replacement or provision of contingency spares could

also be required to maintain a smooth pipeline flow. Our analy-...

sis of turn—around time indicates a need for more contractor

study of the proposed equipment inspection and repair process, 
-

as well as the sources and financial impact of potential delays

in turn-around t ime . -

Warranty price was a problem area because price level I
determines the reliability break—even point for achieving the

- incentive profit as well as the maximum and total incentive I
fee available to the contractor over the warranty term.1 The
proper balance of risk and reward Is therefore of major concern Ito all contractors.2

F. FINDINGS I

This chapter has reported research findings in the areas

of warranty requirements application, subsystem technological -

i
~~~~ 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- ?  ~ 1This is not to Imply an incentive—fee type warranty contract . Incentive
~ - -Z profit can be achieved by reducing fixed—price warranty costs below

I — 
estimated costs.
2ft is the opinion of the investigators that warranty price negotiations

- have presented difficulties primarily because the Goverrment ‘s calculation
r ~~

- of the warranty “should cost” value does not discount g.~aranteed equipment
reliability values for field operations and does not penriit profit or fee

-
~~~~ levels hi~~ enou~~ to ccnpensate for risk.
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status, contractor warranty experieuce, and critical areas of
warranty negotiation. These variab Les , associated with the
application of the warranties and the conditions within the

contractor environment , are believed to be Important considera—
tions when the Impact of warranties upon equipment design and

- - development program execution Is investigated.

Our research indicates that while most of the contractors

- 
were made aware of the Government ’s intention to consider
warranties as a production contract option, the terms and condi-..

tions of the warranty were frequently not finalized until the
production contract negotiations. Of the subsystem contractors
examined in this study, all but two had the opportunity to plan
and conduct development programs knowing that future warranty
requirements were a possibility.

In response to inquiries about their products ’ technological

status, most contractors reported that they believed that their
equipment represented a new technological development as compared

with a product improvement over a previous model. To the extent

- - 
that utilization of advanced technology can be related to techni—
cal risk and subsequent warranty risk, this environment can be

1. -
~~~ expected to support risk—identification and minimization activi—

- : - 

ties during design and development. It was also found that most
- 

- of the contractors did not have past relevant warranty experience

that would have increased their perception of risks associated
- 

- 

with these agreements and obligations.
- 

The environment of concern over the uncertain timing and
-
~~ definition of warranty requirements, the advanced technological

status of the equipment , and the new contractual commitments
- - 

containing future financial uncertainties, was reflected in the

critical areas of warranty negotiation . The definition of

relevant failures, measurement of field reliability, warranty

* — — -- -•——— —
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price, and turn—around time proved to be the most difficult
areas for final warranty negotiation.’ I

The environment for warranty application was, therefore,
found to be contractually , technically, and financially un—
certain. This uncertainty will have to be considered when -

warranty Impacts are identified and analyzed.

I

- - -i -

1Many of the critical areas overlap or are interrelated and bear heavily
on ne~~tiation difficulties with warranty price. - - -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _  
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IV

THE IMPACT OF WARRANTIES  ON CANDIDATE SUBSYSTEM
D E V E L O P M E N T  PROGRAMS

The previous chapter documented the application of war-

ranties to the candidate development programs. Based upon the
data derived from contractor interviews and the contractor—
completed questionnaires, this chapter examines the impact of
the warranties on the conduct of the candidate development I:
programs . Section A analyzes the reported impact in terms of
the functional elements of a standardized electronics develop-
ment program. Section B analyzes the warranty requirements

that drove the reported program impacts. And Section C analyzes
the barriers associated with warranties that prevent greater
program impacts from occurring.

A. D E V E L O P M E N T  PROGRAM ELEMENT IMPACTS

• 1. Summary of Questionnaire Responses

The IDA research questionnaire 1 identified fifty—two
functional elements of a typical electronics development
program. These elements were organized into thirteen program
categories, each of which encompasses from one to ten func—
tional elements. The impact of warranties on development
program elements and categories was recorded for the total
sample and for various subsets.

The actual warranty Impact on candidat e program elements
was derived from contractor responses to the questionnaire .

Contractors were asked to identify those functional program
elements that were actually influenced by the existence or

1Apperxiix D.

- - ~ -
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possibility of a warrant y option and to estimate that impact in
terms of incremental effor t  or program scope change. The as-
sumption was that the warranty was to be a priced option and
that the usual Government development requirements relating to
organic mainte’—iance were also imposed on the program. The
choice of response for each functional element was divIded into

six possibilities, ranging from a moderate decrease In effort to
a significant increase in total effort. The contractors were to

assume that a “small” increase or decrease represented approxi-

mately a 10 percent change, a “moderate” increase or decrease

a 20 percent change , and a “significant” increase represented
anything over 25 percent additional effort. Table ~4 presents

a summary of the contractor estimates (sixteen in the total
sample) of incremental effort required in each of the develop— T
ment program functional areas as a result of the existence or
possibility of a warranty commitment .

As shown in the table , the majority of the responses for

* each functional element indicated that there had been no warranty—
induced changes in the development programs. As an aggregate r
percentage , two—thirds of the responses were void of change Im- L
pacts, and a total of 83 percent of the responses indicated an

impact of 10 percent or less.

The raw data from the questionnaire responses were further

processed to enable the investigators to derive a quantitative
measure of development program impact. From this analysis, the
program elements receiving the greatest impact could be identi—

fled and ordered by decreasing (or Increasing) impact magnitude .1

The data processing consisted of a valuation technique whereby,

1A difficulty inherent in this analytical approach was reco~ iized to be the
non-.honogeneity of the program elenEnt weights anong the candidate programe,
as well as the relative weights, measured by cost or effort expended, be-

~~ tween various mej or and minor program el~~~nts within any one program. The
possibilities of these sources of potential bias were considered. The
reader should recognize this limitation whenever extrapolat ions of these
fIndin~~ are made to other , non-typical prograrT~ 

~ re1III~~
,
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Table  4. ACTUAL R I W I MPACT ON CANDIDATE DEVELOPMENT PROGRAMS
Ni~ ber of Contractor _Responses 

______________

Development Moderate Small No Small Moderate Significant
Program Elaments Decrease Decrease Change Increase Increase Increase

DESIGN
CIrcuit 11 3 2
Card and Board 10 3 2
Module 11 3 1 1

11 1 1
LRU 0r FLU 10 3 3
System Architecture 11 2 2 1
Built-In Test 10 3 1 2
Test Equipment 10 2 1 3
Ground Support Equipment 1 1 13 - 1
Production Tooling 12 1 3

ANALYSIS
Thenna~ 9 3 2 2
Stress 1 1 3 2
ENC 14
EnvIronme nt 10 2 3 1
Fallure-Mode ..Effects 8 3 5
R e l i a b i l i t y  6 3 4 3
Ma I ntainability 8 3 2 3
Prod ucib lli ty 12 2 1 1
Optimtin Repair Level 10 3 2
Cost-Performanc e 11 2 3

MATERIALS AND PURCK~SED PARTS
Part Selection 8 5 3
Vendor Screening 9 5 2
Cost Estimating and Pricing 11 3 1 1

PROTOTYPE MANUFACTURE
Componen t Procurement 13 2
Card or Board Assembly 14 2
Module Assembly 13 3
Box or Chassis Assembly 14 2
Functional Test and Checkout 10 6

EQUIPMENT TEST
Part/Component Accept. Test 13 1 1
Breadboard Tests 1 3 2
Brassboard Tests 11 3 1
Equip. Performance Demo . 12 2 2
Equipment Envirormienta l Tests 12 1 1 2
Equipment Reliability Tests 9 3 2 2

QUALITY ASSURANCE
Quality EngineerIng 11 3 2
Inspection 11 4 1
In-Process Monitoring 13 1 1 1
Test Mon i torIng 9 3 3

PROGRAN MANAGEMENT
Cost Tracking 9 3 3 1

FINANCIAL MANAGEMENT
Production Cost Analysis 10 1 4

- -~ -~~ Economic Escalation Analys is 12 2 1
-. - 

Life-C ycle Cost Analysis 8 2 4 2
Program Financial Control 11 2 3

PRODUCT SUPPORT
-~~ Spare s Requirements 12 2 1

Conta i ner Design and Ana lysIs 11 5
STE/AG E Design and Analysis 10 3 2
Logistics PlannIng 4 5

• -~ PRODUCTION ENGINEERING
- - - Production An illys ls 11 4 1

Manufacturing Analys i s  11 4
VALUE ENGINEERING 13 2 1

~~~- .. DATA AND REPORTS 10 2 3

L. - CONTRACT MANAGEMENT 
________ ________ 

9 3 3 
_____________

Total Mijeber of Contractor 1 1 558 135 86 51
Responses ________

Percen t of Total Response 0.12% 0.12% 67.07% 16.22% 10.34% 6.13%

Làr~4~ ~~
--~~ --~W ~~~~~~~~~ - - ~~~~

—
~~~~~
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based upon the guidelines given to the contractors, a small
Increase/decrease was assigned a value of +10/—10, a moderate
increase/decrease was assigned a value of +20 /— 20 , a significant
( greater than 25 percent ) increase was arbitrarily assigned a
value of +30 , and no change was given a value of 0. 1

Table 5 present s the results of the weighted valuation of
the program elements. This processing results in a measured
average impact for the aggregat e programs of +5.~~8 percent with-
in a range of 0 to 19.60 percent . The average increase for a
typical program ef for t  was , there fore , estimated by the con-
tractors to be about 5.5 percent , with individual programs receiv—
ing from 0 percent to almost a 20 percent increase in effort.
The weighting system also illustrates those Individual program
elements and groupings of program elements that are responsible
for the major changes in development program effor t .

2. Ana l y sis  of 1mp act s on Pro g ram E lemen t s

-~ a. Desi g n —

The design task of the development program was anticipated
to be an area in which a major impact would be recorded . How-
ever , the data show that the average impact reported for this
category was only 5 percent . Seven contractors reported no
design impact whatever , and two contractors reported only a

- small impact. Only three contractors estimated greater than a

- 10 percent increase in the design effort ; however one of those
contractors, Contractor B, felt that the warranty option caused
a ~~ percent increase in design effort . The greatest average
impacts within the design function were reported in areas of

- test equipment design, built—in test design, and card and board
design 2

~~
- ‘If a value of 50 were assi~~ed instead of 30, the results of the responses
~~ would be altered by one percentage point .

- 
- -
‘

~ 
2Mote the correlation with concerns during negotiations about Identifying

-
~~~ 

— and isolating failures at the organizational level.
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Table 5. WARRANTY IMPACT ON CANDI DATE PROGRAMS

PERCENT CHA1~ E III DEVEL OPMENT P806888 EFF00I
_____________ 

C0NTRAc 1~~S
Oev.lopesmt Progrem A 8 C 0 E F G H I J K L N 8 0 P Total Avorags

______________ 50 240 0 10 0 0 150 0 0 0 40 70 10 300 0 110 800 5.00
~~~lt ___________ 0 20 0 0 20 0 10 10 0 10 70 4 .38

— Crd and gOurd __________ 0 30 0 0 20 10 20 10 0 10 100 6.25
Mgdule 0 30 0 0 20 10 10 0 10 80 5.00

____________________ 0 30 0 0 20 - 0 10 10 0 10 80 5.00
3M~ or FLU 10 20 0 0 20 0 10 10 0 20 90 5.63System Architecture 10 20 0 0 20 0 0 10 0 30 90 5.63
Built-In Test 20 30 10 0 0 10 0 10 0 30 130 6.66
Test Egulpeent 30 30 0 0 30 10 0 10 0 20 130 6.13Ground Support Egu f p.ent -20 10 0 0 0 0 0 0 0 .10 -20 —1.25Produc tion Tooling 0 20 0 0 0 0 20 10 20 0 0 70 4.38

._..i LYSiL __ _ ____ ~~__ ._ . ._ 150 210 7 0 0 0 250 40 0 70 80 4 80 0 200 3110 8.94Therma l _________________ 20 30 0 10 10 0 20 1 0 0 30 130 8 13
St ress 0 20 0 10 10 0 0 1 h~ 0 20 70 4.38

0 20 0 0 0 0 0 0 10 30 1.8$Ensiroemeot 10 20 20 0 0 30 ~0 0 30 110 6.66Feilure-Mode-- Effect s 20 20 0 20 0 10 10 1 TO 0 20 130 8 1 3
Re1lu b 11It~ 30 20 20 0 30 20 10 15 1 20 0 30 200 12 50
iSui,tuinabilit 20 30 30 0 20 0 10 10 10 0 30 160 10 00
ro uc t 0 30 0 0 0 10 10 20 0 0 70 4 3 8pt in~ epa r eve ~ 30 20 20 0 0 30 0 10 0 0 20 130 8.13

_ co~t-Performence 20 20 0 C’ 0 10 0 20 0 10 80 500
MATERIALS MD PURCHASED PARTS 30 80 0 50 50 30 10 40 0 30 300 8.25Part  Se l ec ti on 10 20 0 0 20 10 10 10 10 0 20 1 10 6.88

Vendor Screening - 10 30 0 30 10 10 0 10 0 10 110 6.88
Cost Estimatin g and Pricing 10 10 0 0 0 30 10 0 20 0 0 80 5.00

PROTOTYPE MANJFACTURE 20 10 0 0 60 10 20 30 10 50 170 2.11
Conponent PrOcurement 0 0 0 20 0 0 10 0 0 10 40 250
Curd or Board Asseet,ly 0 0 0 0 10 0 0 0 0 0 10 20 1.25

~~~~~~~ Assembly 0 0 0 10 10 0 0 0 0 10 20 L88
Boo or Chassis Assembly 0 0 0 10 0 0 0 0 10 20 1.25

_ Fuv i~n~iifn ao4 c.!i~.ctogL 10 10 0 10 10 10 0 30 60 3J5
EOJIPNENT TEST ___________ lO 100 0 0 280 20 20 2 40 150 520 3.11

Part / C~~~onent Accept. Test 0 20 0 30 0 0 0 0 10 60 3.75
Breadboard Tests 0 10 0 30 0 0 0 0 10 50 3.13
Brlssboard Tests ____________ 20 0 30 10 0 1 0 0 10 80 5.00
Equip. Performance Dema. 0 20 0 30 0 0 20 0 20 100 6.25

~~q~i nt Enviroemental Tests 0 20 0 0 30 0 10 0 0 30 90 5 6 3
Egu peent e a ty Tests 20 10 0 0 20 10 10 00 0 20 130 8.13

OJALIT? ASStaMCE 10 130 0 0 20 10 40 10 40 0 70 120 4 .84
_ J 3jjfl En infC’rin~ _______ I) 20 0 0 0 0 10 10 10 0 20 70 4.38

Inspection 0 30 0 0 0 0 0 JO 10 0 10 60 3~75
~ThProcess Monitoring 0 30 0 0 0 0 0 10 0 0 20 60 3.75
Test Monitoring — 10 30 0 0 20 10 10 20 0 20 120 7.5

PROG RN-I MAIIAGENEN1 30 20 10 10 0 0 0 10 0 30 0 20 120 7.5
Cos t TrackI ng 30 20 10 10 0 0 10 20 0 20 120 7.5

FZNAJI C !AL MAMAGENEPIT 70 80 20 0 0 0 JO 80 80 0 80 0 20 430 6, 02
Production Cost AnalysIs 20 20 0 0 0 20 10 30 0 20 120 7,5
tcoripplc Escalation AnalysIs 0 20 0 0 0 30 10 10 0 0 70 4.38
life-Cycle Cost AnalysIs 30 20 20 0 10 10 0 20 30 0 20 140 10,00
Program Financ ial Control 20 20 0 0 0 0 20 10 0 10 80 5.00
I~~~~~ J~~T SUPPORT 100 80 0 30 3 20 50 40 10 0 80 410 1.42
_~~pores Requirements 30 20 0 0 0 0 10 10 0 0 70 4 38

Co ntainer  Des ign and Analy sis 10 10 0 0 0 10 0 10 0 0 10 50 3 1 3
STE/30E Design and Analysij_ 30 20 0 0 10 10 0 10 0 0 20 100 6,25
Logistics Plannin g 30 10 0 30 20 10 30 10 10 0 30 190 11.85- 

- - PRODUCTION ENOIMEERYNG 0 50 0 0 0 20 0 50 0 20 0 20 210 4.08
Produc lbility Aaalysis 0 30 0 0 0 10 0 10 0 10 0 10 70 4.3$

— - Manufacturing An alys Is 0 20 0 0 0 10 0 10 0 10 0 10 60 3.75
• VALUE ENGINEERING 0 10 0 0 0 10 0 0 0 10 0 0 0 0 40 LAO

DATA 8110 REPORTS 30 30 20 0 0 0 0 10 0 0 10 0 0 0 0 20 210 6,88
CONTRACT MAMAGO~EN1 10 20 10 0 0 0 0 30 0 0 20 0 0 10 0 10 110 7.50

I -
~

- - - - 
- 

10151 520 2010 130 50 30 0 860 280 0 0 370 200 80 470 0 780 4300 —

AVERAGE (PERCE NT)ec 9.80 20.80 2. 50 0.98 0.58 0 13.89 5, 38 0 0 7. 22 3.85 1.15 9,04 0 15.00 —

- ~ 
,~~ ltali clz.d ,n,bers for ~~ch major h.adimg are tota ls of subalennents.

- 1.~ ‘ :l-~ • The average impact is basi d on the avera ge of al l sub elem ents . Because of rounding, the nveruge of the major
$ ~ element totals in 5.54 percent.

r
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b . Ana l y s is

The analysis portion of’ the development program was also
expected to register a large warranty Impact. However , the re-
ported results were similar to those recorded for design.

Of the sixteen contractors, six reported no Impact on the 
- -

analysis function. The highest impacts approached 25 percent ,
as with the design functions. Typically , contractors who experl—

enced an impact in analysis also reported an impact in design.
It was not surprising that the areas of greatest impact were
reliability analysis and maintainability analysis. Thermal
analysis, fai lure—mode—effects  analysis , and optimum repair
level analysis also showed significant impacts. In most cases,
the analysis Impact was greater than the design Impact , averag-
ing 6.9  percent vi s—a—vis 5.0 percent for design .

c. Materials and Purchased Par t s

This area of the development program also was reported to
have experienced a higher—than—average impact of 6.2 5  percent .
These findings were not surprising (except for the generally

-

- 
low level) ,  since much of the reliability demonstrated by the
space program has been claimed to have been derived from improved
part s and materials control . It was anticipated that concern
over future equipment reliability would be revealed strongly In

the materials or purchased parts specifications .

P

d. Prototype Manufacture

This program area showed a very small Impact (approximately

a 2 percent average increase); eight contractors reported no -:

impact. From this response, it is obvious that despite the

contractor’s desire for more prototype validation, additional

prototypes were not being built In the current programs as a

result of warranty considerations.

146
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e. Equipm ent Test

Half of the sixteen contractors indicated no impact In this
program area; however, two contractors reported maximum impacts

(“significant increase”) for many of the equipment test elements.

The average impact on the equipment test function was approxi—

mately a 5 percent increase; the highest Impact was reported for
reliability testing.

f. Qualit y Assurance

This was another area in which additional effort resulting
from warranty considerations was expected to be evident . How-

ever, as Table 5 illustrates, an aggregate impact of only ~4 .8
percent was reported. Half of the contractors reported no
additional effor t  in this  category .

g. Pr o g ram Mana gement

Program management similarly received added emphasis from

only about half of the reporting contractors (seven) .  However ,
the impact reported by those who were affected was split between
a moderate and a small effect , result ing in a group average of
those reporting an impact of 17 percent . The overall sample

impact (count ing those reporting no impact) was 7 .5 percent .

h. F i n a n c i a l  Managemen t

- 

:~~ 
Although half of the sixteen contractors indicated no

impact on financial management , the range of Impacts went up
to 20 percent for two of the contractors . Life—cycle cost
ana lysis showed a 10 percent increase in impact and production
cost analysis showed a 7 .5  percent increase . —

1 .  Product  Su pp ort

Seven contractors reported no Impact on product support ,

but one cont ractor reported a 20 percent increase. There was

_ _ _

1i7 

_ _ _
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almost a 12 percent average Increase In effort In the logIstics

planning function.

j .  Other  Pro gram E l e m e n t s

Other program elements examined for a warranty impact were

production engineering, value engineering, data and reports, and
contract management. Data and reports and contract management
were the areas of highest reported Impact with 6.9 and 7.5 per—

- cent , respectively . It should be noted that these two elements

are not direct contributors to equipment design reliability.

3. Combined Development Pro g ram Im pact

Figure 6 Is a histogram showing the average warranty impact
for the thirteen major categories Into which the functional pro—

- 

gram eiements were grouped. As discussed above, the highest

4 impacts were reported In the areas of program management ,
financial management , contract management, analysis, and data

and reports.

Because many contractors reported no measurable impact in
- many program elements , an analysis was made to quantify the

program element impact based upon only those contractors who
- 

- 
- 

reported an impact.1 The results of this analysis are compared
- with the full aggregate sample analysis in Table 6 below .

The results presented In Table 6 demonstrate that, while
- 

- the aggregate impact for all contractors responding to the

questionnaire was about 5 percent, those program elements that
received a warranty impact other than zero combined to give an

- 
- - 1No correlation could be found between the contractor 1n~act response and

equipnent application , Service m anagement , or equipment type. Pbr example,
J~ ~~

- It was expected that contractors who were merely developing a “product
r linprovement” would report a snaller lirpact than the others . However, three

of the four contractors who characterized their equipi~nt as a “product
Improvement” (K , N and H) reported ii~pacts in at least nine of the thirteen

- - program categories . A ftll discussion of these results and analyses Is
presented in Chapter V. 

148

- 
— - —. ~~~~~~~ - - - -

~~~~~ 
— -

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



r - 

~

- - -

~~~~

---- -

~~~~

-- - - -

~~~

LU

LU
n/s I—

N-U
z

0 0
In •n_ o

US 

_________________ 

I 
—

~~~

—

~~~ 

_ _ _ _ _ _  

F “ I ! - —

— 
- 

_ _  _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~ z

I-
\ -\ ‘, 

~ N N N . U

;; I ~~~I1 I :i~~~~~~

i Iii ~~~~~~~~:

uJ~~~~~~~~~~~~~~2 U . Z ~ 0
5-. z £. ~~~

—

-
- 0 I- 

~~ z
U-’ 

~~~ 
-( -J I/s ~ 0 

~ LU
_it -~~ ~~~ -J 

0. 
I- ~ Z 

~ 
0 I—

US 
~ 4 0 U U US

>. 
~~ 0 Q — ~ z ~~ 

US I— 0 0
- -4 2~~ ~ ~~~8 2 ~ z

a.~~~~~ Z 4 2 0 ~~ me me < 4 0 LU
ô < a. U-i 3 a. U. a. a. > 0 0

-.

7- -
-

I
149

~~~~~~~~~~~~~~ ~La~~~ ~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~-



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

U)
I.

O U R
414.2
‘U

41-
‘I— 0 CO CO CO CO P-. CO Os IS) 8’) ,- r-.

~1~~5..4~1.
E3 4 1

U)

LI

0 -

1.
O U R ” )‘4- u 4.2

00Z 4) 4.3 15 II
0 0  0. Os 0 0 LA) (8) ~~~ 41~ ~~ ) Q (8) 8’) 41~~5 1 5  E CO tS’ (s.J hO hO ,— 41. C’) 0 CV) 8’) ,- (8)0.1..,—. . . . . . . . . . . .
E 4’ ~~ .— C’.J ~ 0 o~* r-. cv) .— ev~ 8’) ~~-~~ — C ~~) ~~ . p.

~ ~
_  p _ . r ,— ~~~

4-’ L) •~~~
0 C .I.)

41 -01 1. en
U U s 0 41
1.00. Os
W . -41 41

0 0.~~-~~~ S..
0. 

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01

LU
01
I- . 4)

LL. Q.

O
1. U)
0 I—

0 il- I. 01
U) 0
— -

~~ EU U 0 41~ LA) C’) .— 41~ 0 (‘sJ .— hO 0 ~~ 0 41. 41
1 5 4 1  0 Os C\S r- (~) CO In r -  ~~ 0 In CO LA) LA) 5-.

— 0. 5-. . . . . . . . . . . . . . .
E 4’ hO ‘—0 C~J LA) 41 f~ hO hO 41~ C~J ~O F—. LA) 01.

0 0.
LI C S..

W~- 0
-
~~~~ 0 (5n 1.49

‘.0 0 10
0.)-

-, 41 _ g
- - - - 1.

.0 Ui ‘4-

45 4)
I— 41 as

a. 0.. 41 C
1. 4.2 .,.

4 3 C 1.. 4)
U) 4) 4.3 4) 41 4)

7 - 
41 US U 41 4-’ E 41 0) 01

45 ~5 I) U C C U) ~1. .~~~ (4- 4) 0) 4.2 .I .1 4) 41 US
0 0 ~~ 4’ eS 45 5- 05 1. 5-. 05 01
Os 1. C U) 1. C 0 C 41 0 IS 3
41 3 IS 01 3 .5 41 0. Lii 01 0. C 4) -

S. - 41 0. I— In C ~~ 0. C 41 .5 0) ES
41 n-. en ‘5 3 C ES >

U) 41 4’ < X . U) 0 05 1..
7 ‘ 0. C .

~~~ C 0 4) 41 4)
-~~~~~~~~ ‘ 41 >n 01 >R E ~- 4’ 4.3 Lii C U > 05

C US 4) E 4’ (5 U U U *5 IS IS
1. 05 >, 1. 0 0. •u— 1. C 3 3 41 1.. 1.

W - 
- as •.- .— 41 4.3 •.- .— 0) ‘5 3 IS 4) 41

0 In 41 4) 0 3 ES 0 C 0 0 u— 4~ C
1. 41 C 41 5.. 0 3 5-. 5— 1. IS 45 0
0. 0 a~~ ~~ 0. Lii 0 0. La.. 0. 0. ~~ 0 C..) -

~~

r 

- ---

~~~~~5° 

-

a~~~ 112~~~fl ~~~~~tS ~ - .&a - -~~~~r~ --t



_ _ _ _ _  - ---U-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

average development program Impact of 12.14 percent. The program
categories also change In relative importance. In the total

-
- aggregate sample , the highest Impacts were reported In program

management , contract management , analysis , data and report s ,
and financial management . The major impacts for just those
elements receiving Impacts were also observed to Include program

• management, financial management , and contract management. How-

- 
ever, data and reports now has the highest reported impact at

18.33 percent , and production engineering, value engineering,
and materials/purchased parts have been added to financial
management as leading areas of warranty Impact.

- 

- 
Table 7 illustrates the reported aggregate Impact on in-

dividual development program elements in terms of an ordered
listing by impact magnitude. Note the relative position of the
design—related program elements (identified with an asterisk),

- 
which Indicates that design efforts are being affected by the

. 1 warranty environment .

8. WARRANTY REQUIREMENTS DRIVING PROGRAM IMPACTS

While this subject area was not explicitly addressed In the
research questionnaire, in our interviews with contractors we
attempted to identIfy some of the principal warranty requirement s

-

~~~ 
- re sponsible for the reported development program Impacts. We

found that most requirements could be categorizad Into one of
two conceptual classes. The first class consI.~ts of those

requirements that are contractually imposed an-i that affect
- equipment features or development or production program content.

:~~. Some of the requirements identified In this class are
listed below :

. Display of warranty Information on equipment

. Labels on unit for recording installation and removal
date

• Seals

L 51
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Table 7. RELATIVE IMPACT UPON INDIVI DUAL
PROGRAM ELEMENTS

Percent Change
In Development

Development Progr am Elements Program Effort
Reliabi li ty Ana lys ls * 12.50
Logistics Planning 11.85
Life-Cycle Cost Analysis 10.00
Maintaina bil ity AnalySis* 10.00
Equipment Reliability Tests 8.13
Failure—Mo de—Effect s Analysls* 8.13
Test Equi pment Design 8.13
Thermal Analysi s* 8.13
Optimum Repai r Level AnalysIs 8.13
Production Cost Analysis 7.50
Cost Trackin g 7.50
Cont ract Management 7.50
Test Monitoring 7.50
BITE Desl gn* 6.88
Enviro nmental Ana lysis * 6.88

-t 
- Par t Selectlon* 6.88

Vendor Screening 6.88
Data and Reports 6.88
Card/Boar d Design* 6.25
Equipment Performance Demo. Test 6.25
STE/AGE Design & Ana lys ls* 6.25
Equipment Envi ronmental Tests 5.63
System Architecture Design* 5.63
LRIJ/FLU Deslgn* 5.63
Modu le Desl gn* 5.00
SRA DosIgn* 5.00
Cost Esti mating & Pricing 5.00
Program Financial Control 5.00
Cost-Performance Analysis 5.00
Brassboard Tests 5.00
Economic Escalation Anal ysis 4.38
Quality Eng ineering 4.38
Producib ility Analysis 4.38
Circuit Design* 4.38
Spares Requirements 4.38
Producibil Ity Analysis (Production Engr ’ g .) 4.38
Stress Analys is* 4.38
Production Tooling Desi gn 4.38
Quality Assurance Inspection 3.75
Manufacturing Analysis 3.75

- - -~ Functional Test/Checkout Proto. Man. 3.75
In-Process Quality Assur. MonitorIng 3.75
Part/Component Accept. Tests 3.75
Conta i ner Design & AnalysIs 3. 13

-, Breadboard Tests 3.13
Value Engineering 2.50

- -~~ Component Procurement— Proto . Man. 2.50
Module Assemb ly-Proto. Man. 1 .88

t — _

- -;_; EMC Analysis 1.88
Box /Chassis Ass y . -PrOtO . Man. 1.25
Card/Board Assy .—Proto. Man . 1.25

F Ground Support Equip. Design -1.25

r 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A VERAGE 5.48

*Equipment Design-Relate d Program Elements
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• Elapsed—time indicators

• Data and reports

• ECP and configuratIon control procedures

• Bonded storerooms

• Warranty repair facility.

The second class of warranty requirements consists of sped —
- - fied equipment or contractor performance parameters that directly

influence the achieved equipment reliability, maintainability,
or availability. These also are variables that can be directly
Influenced by contractor trade—offs during the design and
development process. Examples of this class of warranty
requirements include :

• Guaranteed MTBF (mean time between failures )

• RTOK (re tes t )  OK)

• Average MTTR (mean t ime to repair)
• CTR (cost to repair)

• Agreed TAT (turn—around t ime ) without penalties
• ECP costs.

The requirements in the second class act In concert such
that the classical trade-off between MTBF and MTTR Is further
complicated by cost penalties associated with required TATs and
a desire to minimize the number of RTOKs. These requirement

considerations , for example, could be expected to lead to in—
creased effort on many of the development program elements. In

the general category of design, we could expect increased effort

on system architecture to investigate various circuit partition— —

Ing schemes and on BITE design to develop go/no—go tests and to

enhance fault isolation.’ In the area of design analysis, addi—
tional effort s In reliability and maintainability analysis are

IU
1Reducing cost-to-repair , mean time to repair, RIOKs, and turn-around time .
Specific desI~~ in~ acts reported for candidate equiptnent will be discussed
in Chapter VI.
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often needed to achieve the appropriate trade—offs. The MTBF
could also be increased by improving Inherent reliability through
upgraded parts or more vendor screening. An increased effort in
prototype manufacturing and equipment test might lead to better
Information on such parameters as MTBF, MTTR, and CTR. Efforts
in product support definitely affect the MTTR and TAT parameters.
Efforts in production engineering can Indirectly affect the
achieved field reliability of the equipments. Finally , other

- 
- 

program impacts of a financial, contractual, or managerial
nature can stem from the Increased levels of direct program
act ivi ty .

The two classes of warrant y requirement s also interact.
For example, seals and elapsed—time indicators must be analyzed,
designed , purchased or manufactured, and tested. And bonded
storerooms and contractor repair facilities must be planned .~~ -

along with their appropriate spares inventories and test
equipment .

It can be seen from the above dIscussion that although
- - — 

- 
there can be many Impacts stemming from the warranty require-

ments, the specific cause—effect relationships are lost In over—
lapping influences. Nevertheless, it Is clear that the warranty
requirements are collectively responsible for numerous impacts
on the candidate development programs.

- -p -

C. IMPACT BARRIERS

Our initial exploratory interviews with the contractors

convinced us that, while marginal impacts occurred as a result

of current or recent development program warranty requirements,
4l~ ~ the potential for more significant Impacts was very great.

These beneficial Impacts, In terms of emphasizing reliability

and maintainability during design and development, were being

inhibited or prevented by program variables and contract require-
ments that effectively prevented contractors from taking those
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• actions they believed to be in the best interests of both

- 

parties. Some of the basic barriers were identified during the
- initial Interviews and were used to structure the questionnaire.

Other barriers were identified by the responses to specific
questions in the questionnaire .1

1. Primary Barriers

- 

- 

The primary barriers identified during the initial inter—
-

~ 

views were——

(a) The uncertainty of future warranty option terms, condi—
- tions, and other details during engineering development.

(b) The uncertainty associated with the option status of
the warranty.

(c) Product and process specification rigidities that
prevented contractor design and development program

- flexibility.

In several development programs, the specific terms and
conditions of the warranty had not been defined even though the

- -  -~ programs were well into engineering development . Because of
this uncertainty, the contractor lacked the motivation to
institute signfIcant changes in design and development . Con—
tractors reported that had these requirements been known

-- earlier, the warranty impacts on the design and development
program could have been greater.

Contractors also reported that the option status of warran—
ties was perhap s the most signficant barrier to increased war—
ranty impacts. The uncertainty as to whether or not the

‘ J Government would eventually exercise the option led to compro—
mises In equipment design and to doubts concerning the Govern—

ment ’s credibility for warranty application. The basic
-.

-_ ,. _ 

~-•• _____________________________________

1See questions no. 2 and page D-l2 and no. 3 on page D-13 of the question—
- naire, Appendix D.r
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requirement s of the contract still required a design for
organic maintenance——an y change s to the design to enhance
contractor maintenance were therefore considered cautiously .

Contractors also indicated that there were confl icts
between the objectives of warranties and the application of
some mili tary specifications to their  equipment . They reported
that the inherent guarantee of the warranty superseded the
requirement for many of the usual equipment design and process
specifications. They stated that If they were allowed greater
freedom to design and develop the equipment , development program
impacts resulting from warranty requirement s would be much
higher.

These three primary barriers were j udged to be fundamental
determinants of warrant y impact and were established as major
conditions for potential  impact analysis .  The e f fec ts  of removing
these barriers were subsequently investigated in the questionnaire .
The results of that investigat ion are presented in Chapter V.

2. Additional B a r r i e r s

Table 8 presents the results of our inquiry into additional

- ; 
- barriers that had not been surfaced in the initial  contractor T

interviews . It is apparent from the reported responses that
there are four other maj or constraint s to warranty impacts.
These are (1) deve lopment funding, ( 2 )  development schedule ,
(3)  unit—productIon cost goal , and ( 1 4 )  performance specifica—
tions. In general , these variables represent the primary
degrees of freedom available to the development contractors .

Discussions with contractor personnel revealed that the
development programs for their electronics subsystems continue
to be time and funding constrained. 1 Programs are planned to

~~ - ‘This was also true for other programs and contractors investigated during
previous IDA Des ige—to— Cost research .
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match major prime equipment delivery schedules and total funds
available. Design iterations and additional test programs to
give contractor s greater confidence in their product performance
are casualties of forces exerted by t ime , funds , and marketing
pressures. 1 Unit—product ion goals , set prior to development ,
also present barriers to changes in design that would enhance
re l iabi l i ty .  This is particularly the case when the ir itroduc—
tion of warranty considerations occurs af ter  the preliminary
design reviews have been accomplished. At this point , the
de sign may already be optimized for production cost rather than

- 
- - rel iabil i ty assurance. 

-

T a b l e  8. B A R R I E R S  TO D E S I G N  AND D E V E L O P M E N T  IMPACT

Frequency of Response

Barrier Candidates Minor Constraint Maj or Constraint Total
Development Funding 3 13 16
Development Schedule 5 9 14
Unit Production Cost Goal 6 7 13
Performance Specifications 9 2 11
Rel iability Goals 5 2 7

• Reprocurement Data Ri ghts 3 4 7
Source Sel ection Criteria 4 3 7

• 
- Part and Process Specifications 4 2 6

Report Requirements 2 1 3
Handbook Changes 0 2 2
Reliability Demonstration 1 0 1
Physical Design 0 1 1

-~~ 

- Warranty Terms & Conditi ons 0 1 1
“Traditionalism ” Attitude 0 1 1
Suppor t Equip. Changes 0 1 1
Organic Maintenance Requirement 0 1 1
Limited Field Tes ti ng 0 1 1

1An important point . No cc~npetitive contractor is very willing to admit
that he needs more t ime and money to gain confidence that he can meet -

F ‘ (guarantee) the performance specifications for the candidate equipment .
Thus , quite often It was observed that these activities were performed
using company funds when the contractor believed that the warranty would
actually be Impleme-ited.

- 
-
-

- 
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The contractors were also asked to Identify the most cr i t i—
cal barrier from among their responses- shown in Table 8. Their
assessment follows the pattern established by the frequency of
response , as i l lustrated in Table 9. The contractors believed
that their programs needed more e f for t  (in areas we will sub—
sequently ident i fy ) to ensure a greater probabil i ty of achieving
the reliability guarantees. This e f for t  would require more
money and development t ime . Performance and unit—production
cost goal requirements presented additional barriers, which
were viewed as being relatively independent of the funding and
schedule restrictions . 1

T a b l e  9 . B A R R I E R  R E S P O N S E  A N A L Y S I S

Rank i ng by
Ranking by I m p o r t a n c e

Re ported B a r r i e r  Frequency to Con t rac to rs

D e v e l o p m e n t  F u n d i n g 1 1

D e v e l o p m e n t  S c h e d u l e  2 2

• U nit-Production Cos t Goal  3 4

P e r f o r m a n c e  Specifications 
- 

4 3

D. FINDINGS

The analysis of the contractor Interviews and the question-

naire responses led to the following major findings concerning

the Impact of warranties on the current candidate development
r - - ~ r i n ~: . —

-. -~~~ 
~~~~ ~~ ted ~~it-pro~~ctIon cost difference between a

- -. a ~o neet reliability specifi cations and a desige
~~ ~~~~~~~~~~~ ~~ ~~~~~~~~ r~’L’ abIl1ty specificat ions.
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1. D e v e l o p m e n t  P r o g r a m  I mp a c t  
-

The reported impact of warranty considerations on the can— —

didate programs was, on the average, small——the aggregate Im-
pact was a 5.5 percent increase In overall effort. For the
total sample, the greatest impacts were recorded in the func-
tional areas of program, financial, and contract management ,
analysis , and data and reports.

— An analysis of individual candidate programs and program
elements Indicated a dual impact distribution; approximately
half of the sample indicated some Impact. Those contractors
reporting an Impact indicated an average increase in program
effort  of 12.14 percent . These Impacts also were reported In
the functional areas of data and reports and contract , program ,
and financial management .

2. R e q u i r e m e n t s  D r i v i n g Program Impacts

A number of warranty requirements were identified as driv-
Ing the program impacts.  Those requirements were divided Into
two groups: those re latively fixed because of contractual
requirements; and those that directly influence the reliability
and maintainabil i ty parameters of the equipment .

3. B a r r i e r s  to P r o g r a m  Imp ac t s

Many important barriers to changes in the equipment design
or the development programs were identified during our investi-
gations. Primary barriers were (a) uncertainty of warranty
requirements , (b )  uncertainty of warranty option decisions ,
and ( c ) ~ rigid product and process specifIcations . Additional
barriers reported by the contractors were lack of adequate
development funds , constrained development schedules , confl ict—
ing unit—production cost and reliabili ty goals , and performance
specifications. .
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V

- . P O T E N T I A L  IMPACT OF W A R R A N T I E S  ON CANDIDATE
D E V E L O P M E N T  PROGRAMS

- As reported In Chapter IV , our research led to the ident i-
fication of t hree primary barriers to achieving beneficial design
and development program impacts. Accordingly , this chapter

- examines the potential warranty impacts If the three primary
- barriers were removed.

- ~~
- The f irst  condition examined is the situation in which

- the terms and conditions of the warranty option have been
negotiated (except for price)  at the beginning of the engineer-
ing development program . The second condition eliminates the
option status from the f irst  condit ion——it is known at the out—

- 1 set of engineering development that the equipment will even—
• tually be procured with a warranty and that Service organic

- 

- 
maintenance will not be Implemented , at least for several years
after  production deliveries begin . The third condition in-
volves the additional feature of specification relief——e.g.,

- all design , performance , and process specifications and require—

- 
ment s are f lexible and negotiable except for critical perform-
ance , cost , and reliabili ty requirements. 1

A. P O T E N T I A L  PROGRAM IMPACTS AND W A R R A N T Y  D E C I S I O N M A K I N G

This section compares the actual estimated development
- program impacts reported by the contractors for their current

programs with two alternate condit ions:  ( 1) the impact if
- 

- 

warranty terms and conditions were known at the beg inning of’

I ~-~
-

- -
~~~~~ 

1Thi s condition is similar to that which is conceptually planned for desige—
to—cost acquisitions.

- 6].
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engineering development , and (2) the Impact if the warranty
were a firm contractual commitment . 1

1. Ma jor Program Cate gories

Tables 10 and 11 present the weighted warranty impacts , as
compiled from the contractor questionnaires , for the beg inning
and firm conditions .2

The average impact, weighted over all development program
I 

categories and measured in terms of a percentage increase in
- ef for t , climb s from a value of approximately 5.5 percent for

the actual  warranty conditions examined in Chapter IV to an
estimated value of 8.2 percent if the terms and conditions were

- known at the beg inning of engineering development , and to a
value of approximately 10.5 percent If the RIW requirements
were not an option but f i r m .

The aggregate impact ratio of beginning to actual is
approximately 1.5 ( 8 . 2 :5 .5) ;  the ratio of firm to beg inning
is approximately 1.3 ( 10 .5 :8 .2) .  In other words , the esti—
mated Increase in impact under the beg inning conditions Is 50
percent greater than the actual reported Increase in impacts. 

- 
-

-
s Further , the f i r m  condition impact is another 30 percent greater . I

The firm condition impac t Is thus 90 percent greater than the
actual  impact ( 10.5 :5 .5 = 1.9) .  The development program impact

- leverage that can then be attributed to these conditions is_ _ _ _P thought to be signIficant . 3

‘For discussion purposes , the three warranty requirement conditions de- - -

scribed In this paragraph will be referred to In abbreviated form as actua l, - -

beginning, and f i rm.
2Table 5 ( Chapter IV) presented similar data for the warranty impact actually

— - experienced during the candidate programs.
- ~~~- ..~. 

3The term “leverage” is used throughout this chapter to refer to the rela—
- tive increase in impac t or inrpa ct multip lier that is attributable to - -

• . warranty—related decisions made earlier in the acquisition process.
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: Table 10. WARRANTY IMPA CT IF OPTION TERMS AND CONDITION S
WERE KNOWN AT B E G I N N I N G  OF E N G I N E E R I N G  DEVELOPM ENT

D(~(LOP~(NT p~OGL*J~ — 
PEICENT CIØIIGL IN O(VELO~$~ NT PROGRNI LEFOPT

£LEM(NT CONTMCTO~~
A B C D £ F 6 H I .3 K I. H N 0 P Toul Averag.

1Ii~ ;iGN.
—

~~
-—- -- — ---———

~~~~
-;; 240 10 0 220 150 80 0 90 90 ?O 30 100 110 110 IflO P.94

r I~~0jj 
— -—— a 20 0 10 20 ~Ø 0 0 10 10 10 10 0 10 ))O L88

L— ~ar4 i.d 5o~rd _______ 0 30 0 20 20 10 0 0 20 20 10 10 0 W 150 9.38
Module 

~•_~_~: 
— 0 30 0 20 20 20 0 0 20 0 10 10 20 10 ~6O O~XseA ___________ 0 30 0 20 20 10 0 0 10 10 10 10 20 10 150 9.38

1RtJ O~~FLU 10 20 0 0 20 0 0 20 10 10 10 10 10 20 140 8-75
S1ste. ~~~~~~~~~~~~~~~ 10 20 0 0 20 10 0 20 10 0 10 10 10 30 ISO 9•38
~~I~ t -Im 1s~I 20 30 1 0 0 0 0 0 20 10 0 10 10 20 30 160 1000

__________________ 30 30 0 30 30 20 0 0 0 0 -20 10 20 20 170 10.63

_____________  0 20 0 0 0 0 0 2 0  0 20 0 20 0 0 90 5.00
:
~~~~~~~~

00 001~~ i f i ~ ent -20 10 0 20 0 0 0 10 0 0 -20 0 10 -10 0 0

__________________ 100 200 70 0 40 100 170 110 100 00 0 80 180 200 1490 9.11
20 30 0 0 0 30 10 0 20 0 0 10 30 150 9.38

__________  0 20 0 0  0 30 10 0 0 0 0 1 0  20 90 5.63
___________________ 0 20 0 0 0 0 0 0 0 0 0 0 10 30 1.89

Ea!~ I-a~~~~~ t 10 20 0 0 t O 30 0 0 20 0 10 30 30 160 10.00
Fe41.e .—I~~~-Eff,.t~ 20 20 0 10 10 0 20 20 10 10 20 30 20 190 11.88
8.1$abllit, 30 20 2 0 20 20 30 30 20 10 10 20 30 30 290 18.13
Pbf etahsablltt, 20 30 30 0 0 20 20 20 20 10 -10 10 10 30 210 13.13

• - Prcdu6~~1~ 1éy 0 30 0 0 0 20 0 0 10 10 0 20 10 0 100 6 25
0pt$.~ , 6ig.t r Lenil 30 20 2 0 10 30 0 0 10 0 .10 0 20 20 190 9.38
cçs~.P~r1gçim.pc, 20 20 0 0 10 10 0 20 20 0 0 0 10 10 120 7.50

MATORIM S Mm PURCII8SEö P8RT~~~~ 10 60 0 .10 50 60 0 00 60 10 —2 0 40 10 00 410 8.94
Part Se1.ctloc 10 20 0 10 20 20 0 10 20 10 -10 tO 10 20 150 9.38

_______________ 10 30 0 10 30 t O 0 10 20 0 -10 10 10 10 140 87 5endo.~ 
~~~~~~~ 10 10 0 10 0 30 10 20 0 0 20 10 0 120 7.50

~~~~~~~ MN8JFACTOBE 20 10 0 20 60 50 20 60 10 0 10 00 50 320 4.00
Component Procurpient 0 0 0 11) 20 0 0 10 10 -10 0 10 10 60 3.75
Cird or ~~~~~~~~~~~~~~~~~~ 0 0 0 0 10 10 0 0 10 0 0 0 0 10 40 2.50
Module Ass~~~ I~~~ 0 0 0 0 10 20 0 10 0 0 0 0 10 50 3.13
Box or Cha ssis Ass~~~ 1y 0 0 0 0 10 20 10 10 0 0 0 0 10 60 

- 
3.15

~~~ctIona1 Test a7d _ ç ç~~~~_ 10 10 0 10 10 0 10 20 0 10 10 10 10 110 688
j~~~ii~~~~ ti~r~ - —  

20 100 0 80 280 80 0 50 70 20 -00 40 100 100 940 8.95
Part /Component Accept. lest 0 20 0 0 30 10 0 10 10 0 0 0 10 10 100 6.25
Breadboard Tests 0 10 0 0 10 30 0 0 0 10 0 0 0 10 10 90 5.00

S Br~ssbou rd T~~ ~ _ _ 0 20 0 0 10 30 0 0 0 20 0 0 0 10 10 100 6.25
(quip. Perfonuance Deuio. 0 20 0 10 30 10 0 0 10 0 0 20 10 30 140 8.15

i4~o~~ iient (nvir ó~~~iiCiT T~~~~ 0 20 0 20 30 30 0 10 0 10 -10 0 30 30 170 10 63
Rel iabIlIty Tests 20 10 0 0 30 30 30 0 30 20 10 -10 20 30 30 250 15.63

• OOAL 1T’V ASS5~ A8CE 10 210 0 40 80 50 0 0 40 10 0 40 20 70 470 9.38
Qua1ity t~jT~~eri~ á~~~ 0 20 0 30 20 10 0 0 10 10 0 10 10 20 120 7.50
Inspection _____________ 

0 30 0 10 20 10 0 0 10 0 10 10 10 110 6.88
1n-~rocess Mo~Ttorfng 

— 0 30 0 0 10 20 10 0 0 10 0 0 0 20 100 6.25
lest Mon itor ing - — 10 30 0 0 10 20 20 0 0 10 0 20 0 20 140 8.75

PR00R~I MAII6GENEIST .10 20 10 10 0 20 0 0 0 0 20 10 20 10 20 070 1&83
Cost Tric king 30 20 Ic 10 0 20 0 0 0 0 20 tO 20 10 20 170 10.63

71691(1k MAJIA~E1IE1IT 70 80 20 0 0 70 70 70 0 20 80 0 90 50 60 660 10 32
Production Coot An alysis 20 20 0 0 TO 20 30 0 0 20 tO 30 tO 20 190 11.88
Econ omic Co~~~~ jo j00~~sls 0 20 0 0 30 10 30 0 0 20 0 10 10 0 130 8.13
L ife— Cy cle Cost Analysis — 30 20 20 0 0 10 30 t O 0 20 20 -10 30 20 20 220 13 .75

F i nanci al Control 20 20 0 0 20 10 0 0 0 20 0 10 10 10 120 7.50
7 51JPPO*T 100 50 0 30 30 40 40 70 0 70 80 —30 10 30 60 600 L 38

Spares RequIrements 30 20 0 0 10 0 0 0 20 20 -10 10 10 0 110 6.88
Container Design and A na ly s t s 10 10 0 0 0 0 0 20 0 20 20 0 0 10 10 100 6.25

I - - - STE/6GE Design and *nuijOli 30 20 0 0 0 10 10 20 0 10 20 .20 0 0 20 120 7.50
6 st ic, #1annin ~ 30 10 30 30 20 30 30 0 20 20 0 10 10 30 270 16 88t - pI~~~~TI0N L~~l~~IRING 0 50 0 0 0 20 0 60 0 0 40 0 0 20 20 10 220 6.99

Producibili ty Ana’ sis 0 30 0 0 0 10 0 20 0 0 20 0 0 10 10 10 110 6.88
________________________ 

0 20 0 0 0 10 0 30 0 0 20 0 0 10 10 10 110 6.68
6~~~uf~~t1i n1 y 

0 20 0 0 0 10 30 10 0 0 30 0 0 0 10 0 100 6.29

~9Th Nt) REPORTS 20 30 30 0 0 0 30 10 0 00 — 10 0 —1 0 0 0 20 120 7.90
thNTRACT HMIP8D(N1 20 20 10 0 0 10 20 10 0 10 90 0 0 20 0 10 160 9.30

TOT9I 820 1000 130 90 30 500 800 710 0 420 880 200 —dO CPU 689 790 .122L

AvDRA6E (P(RCENT 1° 9.81 19.6 2 0.50 0.98 0.58 P.62 15.39 21.81 0 8 06 12.69 I R S  .0.7? 0 O 4  1O~ ?2 IkO

TtaliCiZed nueAer s for eac h major heading are totals of suheleomnts.

~~The aver age impact is based on the average of al l sube lementi . Because of round ing , the aver age of th , major
element totals is 8 . 17  percent.
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T a b l e  11. W ARRANTY IM PACT IF WARRANTY WE RE F I R M  AND
NOT AN OPTION

~ DEVEL OPMENT PROGR.AM — co~-~~~i~~s
PERCENT CaP-aGE IN DEVEL OPMENT P600*88 (FF001

ELEMENT
A B C 0 ( F 0 H I J~ 

( L N B 0 P Tota l Average

~
- - -—-

~~~~~~~
—— — .— 

~~~~~~
—-- - - - —

~~~~~~~
-_______ —

L.p~~I6N** 60 240 0 10 0 220 300 230 0 190 230 0 190 180 130 1650 22 .00

_______ ________

I ~~~~~~~~ 
- — -—— 

0 20 0 10 30 20 0 20 20 20 0 10 150 10.00I Curd asd~~~ard _________ 0 30 0 20 30 20 0 20 10 20 10 10 170 11 33r— Mo dule ---— 0 30 0 20 30 30 0 20 20 20 30 10 210 14.00
S sRA ___________ 0 30 0 20 30 20 0 20 20 20 30 10 200 13 33LBS or TLÜ~~~~ __  10 20 0 30 0 0 20 20 20 20 20 160 10.87

System Archfii~cture 10 20 0 30 20 0 10 10 20 10 30 160 10.67Ruil t ’ ii T~st — — -  20 30 1 o 30 0 0 20 10 20 20 30 190 12.67
Test Eqsip~ent 30 30 30 30 20 0 20 10 0 20 20 20 230 15 .33Su orf1quf~~iilF 20 TO 20 20 0 0 20 10 0 20 20 -10 100 6.97~~~~~~~~~~~~~~~~~ 

— —— -  0 20 0 30 0 0 20 0 0 10 0 0 80 5.33 -4
?. ~ 

ANAL YSIS 50 230 2 40 300 170 0 100 230 90 80 260 200 1700 22.30i s L~~~I~~I1~~ 1 iiI 2o 30 0 3 0  3 0 0  10 38 0 0 10 30 190 12.67St ress ___ _  0 20 0 30 30 0 10 10 0- 0 10 20 130 8.67(ME ~ _ ~ ~~~~~~~~~~~~~~~~ - —  0 20 0 30 0 0 10 TO 0 0 0 10 80 5.33E n v i ro omen t ___ ~ TO 20 0 30 30 0 10 10 0 10 30 30 180 12 00
~~~~~~~ Failure-Made-Effe cts 30 20 10 30 0 0 10 10 20 20 30 20 200 13 .33R eli ab iistx _________________

—. ~~Thiainabs ty 
30 20 20 20 30 30 0 10 20 20 20 30 30 280 18.61

_______________________________ 20 30 30 0 30 20 0 TO 10 10 10 10 30 210 14.00Produci bilitv 0 30 0 0 30 20 0 10 0 20 20 10 0 140 9.33
20 20 20 10 30 0 0 10 10 0 0 20 20 160 10.67
20 20 0 30 10 0 10 20 0 0 10 10 130 &67

MATERIALS AND PURChASED PARTS — 30 80 0 30 90 80 0 60 60 30 00 30 30 530 12.78

___________________ 
:1-— Part Selection 10 20 0 10 30 20 0 20 20 10 20 10 20 190 12.67

Vendor Scre en ing — 10 30 0 10 30 10 0 20 20 20 20 TO 10 190 12.67
- - Cost Es t im at ing  and Pricing 10 10 0 10 30 30 0 20 20 0 10 10 0 150 10 00

PROTOTYPE MA*J7ACIURE 10 10 0 0 20 150 20 0 50 30 60 10 60 00 500 6.67
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•*I t a TIct zed num bers for each major head ing are totals of subeleoment s .

- - 
,. ° °The averag e impact is based on the average of o il sube lements . Because of rounding, the ove rage of the major elemen t
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Table 12 provides a ranking of the above multiplier ratios
for each of the major development program categories. The
following sections discuss the individual development program j
categories and their constituent subelements. -

2. Desi gn

Figure 7 presents a histogram illustrating the impact of’ ]
warranties on the design program elements under the three

condit ions——actual , beg inning, and firm .

Table 13 presents the leverage ratios under the three
conditions for the total design group and for those elements
on which a high degree of leverage is obtained .

Table 13. IMPACT LEVERAGE UPON DESIGN

Beg l nn lng / Firm ! Fi rm/
Design Category Actual  Beg inning Actual -

Aver age 1.59 1.39 2 .20 -

Module 2 .00 1.40 2 .8 0

SRA 1.88 1. 42 2 .67

Circui t 1.57 1.45 2.28 
-

System Arch i tecture 1 .67  1 .14  1 .90 -

4- Test Equ ipm ent 1 .31 1 .44  1.89

The areas of greatest design impact reported by the con—

tractors under the beginning and firm conditions are largely an
extension of those cited In the actual development programs—— -

:~ namely, BITE, system architecture , sensors—indicators—protective
— circuits , and higher inherent design rel iabil i ty.  Many examples
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of Impact mentioned by contractors In the questionnaires were
in the area of BITE. The following areas were also mentioned:
repackaging of the system , thermal sensors, automatic test
equipment , circuit partitioning, and module—card design tailor-
ing to enhance contractor repair.

3. Ana l y s i s

FIgure 8 presents the histogram of the warranty impacts
for the functional  elements in the analysis category . Table
l~~~ presents the leverage ratios for the total analysis group
and for major subelements. 

- 

-

Tab le  14. IM PACT L E V E R A G E  UPON A N A L Y S I S

Anal ysis Category Beginnin g/Actual Firm/Be ginning Firm/Actual
Average 1.34 1.22 1.63

Cost Performance 1.50 1.1 6 1.73

FMEA 1.46 1.12 1.64

Environment 1,45 1.20 1.74
— Rel iabi l i t y 1.45 1.03 1.49

Producib l li ty 1 .43 1.49 2.13
EMC 1.00 2.84 2.84
Stress 1.29 1.54 1.98

4-

Note that the two areas (EMC & stress) that show the highest
firm/beg inning ratios are not In the top five areas that had

~~~~
- -

~~ the highest beg inning/actual  leverage. This may indicate that
a point of diminishing returns has been reached in some of these
areas. Cost—performance analysis showed the highest leverage of

--
~

—
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Figure 8. SUMMARY OF WARRANTY IMPACTS: ANALYSIS
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the beg inn ing/a c tua l  comparison , which indicates the considera—
tion of key “early performance—support cost t rade—offs ” that
had not been previously performed.

4. Ma terials /Purchased Parts and Prototype Manufacture

Figure 9 presents the histogram of the warranty impact for
two functional  areas , materials/purchased parts and prototype
manufacture .  The three subelements of the materials and pur-
chased parts group show a very consistent pattern with respect
to the leverage rat ios.  The area of impact most often mentioned
by contractors was part s selection , e .g . ,  an increased emphasis
would be placed on component selection based upon company tests
and long-term warranty considerations.

Prototype manufacturing was the area that had the lowest
overall actual impact.- -- Nevertheless , or perhaps because of j
this , It has the highest leverage . - For example , going from
the actual to the beg inning case shows an 88 percent increase , ]
going fur ther , from the beg inning to the firm case , shows an
additIonal 67 percent increase. Contractors seem to be partic— —

ularly desirous- of establishing pilot production runs and test-
ing those pilot production units under field conditions.

5. Financial M a n a g e m e n t  and Product Support

Figure 10 presents the histogram of warranty Impact for the
financial  management and product support groups .

- 

- 

In the financial management group , economic escalation
,

~~~ 

-~~~ analysis shows the most leverage as warranty requirements be—
come more certain. In the product support group , container
design and analysis shows the most leverage .

It Is interesting to note that as warranty decisions go

~~~ 
~~~

- from the beginning  case to a f i r m  warranty (no opt ion) ,  three
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elements decrease in effort——production—cost analysis, life—
cycle cost analysis, and logistics planning. This is not un-
expected , since there are fewer alternatives to consider if the
warranty is firm.

6. Equi pm ent Test and Qual i ty A ssurance

Figure 11 presents the warranty impacts in the equipment
test and quality assurance categories under the three conditions.

The impact on equipment reliability demonstration and
verification tests goes up markedly in moving from the actual
to the beginning cases but less dramatically for the firm case.
It may be that increased reliability testing has progressed
almost as far as possible In the beg inning case and there Is
little left to do in the firm case, because the contractors
typically do not have the freedom to design the tests the way
they would like.1 Also, the tests may have been expanded as much
as possible to accord with the factory maintenance philosophy
while still staying within required test specifications.

7. Misce l laneous Areas

To complet e the list of development program elements,
Figure 12 presents the histogram of warranty impacts for the
following areas:

. Program management (cost tracking)

• Production engineering

• Producibility analysis
- - • Manufacturing analysis

• Value engineering

• Data and reports

• Contract management.

~~ 
10r perhaps the developuent program funding and schedule barriers still are
constraints.
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I
.

Cost tracking becomes Increasingly more Important as the

~~~~~~~~~ 
, conditions are relaxed . It had the eleventh highest Impact In

the actual case, the seventh highest in the beg inning case, and

- II the fifth highest In the firm case.

8. Combined Development Program Impacts

Figure 13 summarIzes the reported warranty impacts under

the three conditions for the thirteen major functional element

categories. From the figure, it can be seen that U-’e greatest
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overall average Impact for the firm conditions Is registered in
program management (114 percent), followed by data arid reports
(12 percent) and materials and purchased parl s (11.75 percent).
If only the beginning conditions prevail, the greatest impact
Is reported again in the program management area (10.6 percent),
followed by financial management (10.3 percent) and contract
management (9.14 percent). Note that the last two are IndIrect
cost elements. - 

.

As observed In Chapter IV, not all contractors reported - ‘

impacts for each of the program elements as the barriers were
removed. If only -those program elements that received an impact
are consIdered, the aggregate average Impact is correspondingly

higher in each category , with data and reports, program manage-

ment, production engineering, and materials management leading
the impact estimates when the warranty is firm. A summary of
the reported impacts for both the aggregate sample and the sub—
set of program elements receiving an impact Is presented In

Table 15.1 As shown by the table, those contractors who re—
ported impacts (other than zero), on the average, did not dis-
criminate between the actual case and the case in which warranty
requirements are known at the beginning of engineering development.

One reason for the small differences In sample reported im-
pacts is that, for five programs, there was no difference2 In
most of the impacts due to the imposed conditions. For two

contractors, the systems were significantly developed and tested

prior to receipt of the RFPs. The other contractors either

.
f ,,i - treated the option as a “firm requirement” and proceeded on the

- ç
basis that the option would be exercised or Indicated that, “a

S.

~~~ authors reccg~dze that this analysis raises tv~ difficult research
questions . First , should a reported Inpact of zero in a program element

~~~~ ~~~, be counted? Seconi, what Interpretation should be mede for the subset
consisting of only the program elements receiving an inpact other than zero?

2A].l questionnaire entries for each of the 52 development program elements
were identical for the actual ., beg inning, arid fi rm cases.

- - 
- 
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responsIble contractor cannot distinguish any difference between

impact of a priced option and a firm obligation since a warranty
commitment cannot be economically fulfilled unless considered
during Initial design.”

In two additional programs, the change in impact due to the
imposed conditions was small——In both cases the actual impact
was equal to the beg inning, and the firm case registered a small
increase over both.

In the remaining nine programs, substantial effects were

observed as a result of varyIng the conditions. In three
development programs, for example , the actua l Impact was zero,
but it was estimated that there would have been an 8.1 percent,

9 .6  percent , and 10.8 percent Increase in effort , respectively,
If the warranty terms and condItions had been known at the

beg inning of engineering development .

It should be noted that the actual situation In the six

F-16 development programs was that the RIW terms and conditions
were known at the beginning of engineering development .1 The
increase in the total impact i f  terms and conditions had not
been negotiated at the beginning of engineering development

for the F—16 programs is likely to have been greater than

reported.

Examining the ten remaining contractor development pro—
grams not associated with the F-16 program, the increase In
impact (going from actua l to beginning)  approaches 112 percent.
This can be compared with the 50 percent Increase In impact

observable over all sixteen programs, as reflected on the

histograms.

—

1These were the F-l6 avionics development programs, which were negotiated
under subcontract purchase orders with General Dynamics . A key question
for ftu’ther analysis Is whether these programs were really at the start
of eng1~neering development or whether they , In fact , were essentially at
the end.
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B . WARRANTY IMPACTS UNDER SPECIFICATION RELIEF

1. The Relationshi p Between Specification Relief and
Warranty Impact

Increased specification relief was reported to be a poten—
tial condition under which the impact of warranties upon the

design and development process would be increased. The situation

to be considered is one in which a l l  specifications and require—
ments are flexible and negotiable except for critical performance,

L i cost, and reliability requirements.

The possibility of granting specification relief stems from
the perceived responsibility of the contractor, under a warranty,
to maintain his equipment over an extended period of time.
Specification relief would allow contractors to transfer their
efforts from meeting certain specifications to more productive
areas by allowing them freedom to design, test, produce, and
maintain equipment in a manner consonant with contractor

maintenance. [
The elimination of unnecessarily restrictive specifica—

tions has been advocated by many observers , The Electronics—X
study , for example reported, ‘4though these reference specifica—

~
, -
~i tlons are frequently related only remotely and indirectly to

the objective of realizing the desired performance of the elec—
tronic system to which they apply, they provide a ready basis

for rejection by Government Inspectors of equipment that is
-
~~ totally satisfactory from a functional standpoint.” Electronics—

-- 
- X also noted the successful approach of the commercial air

transport industry, from which the warranty concept came, which
allows much more freedom to manufacturers. One factor cited as L
leading to the success of this approach was summarized thIs

way : “the widespread provision of long—term warranties by

~quipment suppliers assures the purchaser that he will get the 7-
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requIred functional performance despite his not specifying
internal design details.”1

The effects of increased specification relief are believed
to be twofold——first, contractors can be Innovative in their
designs and program planning; and second, contractors can trans-
fer time, money , and manpower required as part of the obliga-
tions associated with military specifications to areas of effort
more compatible with w~rranty features.

Some military specifications affect the impact of warran-
ties more than others. These would include, for example,
reliability and maintainability demonstration test requirements.
If these specifications were altered or waived , the contractors
could afford to design and implement a series of reliability
tests geared more to field reliability predictions. The argu-
ment for specification relief has been made frequently, but
without a warranty the government heretofore has not had any
assurance of product quality under specification relief.2

2. Contractor Responses

The subsystem contractor5 were asked to estimate the impact
on the fifty—two program elements listed In the questionnaire
under the condition that the warranty requirement was firm and
in addition all specifications and requirements were flexible

-

~~ 
- and negotiable except for critical performance, cost, and

reliability requIrements. The questionnaire results are dis—
played In Table 16. The responses were then compared, as before,
with the impacts estimated for the firm and actual cases, as
shown in Table 17. Table 17 reveals that a general reduction

1}j~~j~~ d P. Gates, Jr., et al , Electronics-I : A Study of Military Elec-
~I~- ~ tronice with Particu lar Reference to Cost and Reliability, In 2 vols. ,
II ~ IDA Report R— ].95 (l971~), II : 290. -

2Except for the standard correction—of—deficiencies contract clause.

8i
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Table 16. POTENTIAL WARRANTY IMPACT UNDER SPE CIFICATION RELIEF

0E0EL0P14117 PROGRAM PERCEN T CI~ JSL I N DEYEL~~~I~~NT PROGRNI EFFORT
ELE)4NT C -ross

A B C 0 C F 6 H I .1 ~ L N N 0 P Tota l Aser.ge 

— 
0 240 0 10 0 —30 0 140 50 .0’ 90 0 —4 0 190 120 85-0 5.17

çir çuit - —10 2.) 0 0 —20 20 10 0 10 20 0 50 3 33
Card and Board 

- - -10 30 -10 20 10 0 10 0 20 0 70 4.67
Npdv ?e -10 30 -10 30 10 0 10 0 20 20 100 6.67
s.* -10 30 -10 20 10 0 10 20 20 90 6.00

—~~~ 
0 20 0 0 20 20 10 20 10 100 6.67r — 5  steal Architecture 10 20 0 30 0 20 0 20 10 110 1.33

V - i n  ~~~ 20 30 1 -10 0 -10 20 10 20 20 110 7 .33
30 30 20 20 0 0 10 -20 20 20 130 8.67

— Ground Support tguI~~~~~~ _ -20 10 , 10 0 0 10 10 -2 20 10 30 2.00
Production Tooling 0 20 0 0 0 0 20 10 10 0 60 4.00

170 230 100 0 —3 0 0 290 100 110 90 .1 80 60 1120 7.47
10 30 0 0 0 30 20 10 0 0 0 10 110 7.33

~ .._ St rosa __________ 0 20 0 30 20 10 0 0 0 10 90 6.00
- - — - 0 20 3 0 0 0 0 0 0 0 0 20 1.33

L Enoiromeent ________ 10 20 0 30 20 0 0 10 30 120 8.00
I Fa ilure-Mode-Effects — 10 20 - 0 0 10 20 10 20 30 120 8.00

fieIiabi1it~ 20 20 30 -10 30 10 30 20 0 20 30 200 13.33
~ MaintainabIlity 10 30 30 - 10 30 10 20 20 0 10 10 160 10.67

- — Producibilit 0 30 0 30 0 0 10 20 10 100 6.67
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 20 2 -10 -20 0 0 2 0  -10 0 20 60 4.00

20 20 20 0 30 10 20 10 0 0 10 140 9.33
• 

M A T E R I A L S  6110 PURCHAS~QP~~1L... 30 60 2 -50 0 60 20 30 30 —20 30 10 240 5.33
Part Selection 10 20 -20 20 10 10 10 -10 10 10 70 4.67
Vendor Screenlpq._ - 10 30 -10 10 10 10 10 -10 10 10 80 5.33

— —  
Cost Esti,aii ng a~~~~ T i~~ 10 10 0 0 0 30 0 10 10 0 10 10 90 6.00

..IROTOIYPE MAIIIJFACTURE -50 17 0 0 0 0 50 20 27 0 -20 10 20 60 0.83
__ Conpon,nt Procurement -10 0 0 0 0 0 0 0 10 0 0.00

or ~~~ d Assea~ ly - -10 0 0 0 10 0 0 -10 0 0 -10 -0.66
Module Ass~t,1y -10 0 0 0 20 0 0 -10 0 0 0 0.00
Bo. or Chassis Asseo~ ly -10 0 0 0 0 20 0 10 -10 0 0 10 0.66
Fyn tional test end Checkout -10 10 0 0 0 20 10 10 10 10 60 4.00

100 0 00 80 30 50 50 0 —30 —20 100 090 4.53
7 Port C nest Accept. Test_ 20 10 10 10 10 10 -10 0 10 70 4.67

ard S _ 10 -10 0 0 0 10 0 0 10 20 1.33
________ 

20 -10 0 10 0 10 -10 0 10 30 2.00
E uig~~~frfonnance Demo. 20 in 10 0 0 10 0 10 10 60 4.00
Qu peent Plronanental ~ifi 20 10 30 0 10 0 0 10 30 90 6.00

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 10 20 30 10 3°’ 10 -10 -10 30 120 8.00
• ~~~A~ jj~f ASSURANCE ac 110 0 0 —4 0 10 0 0 0 0 30 20 170 0.83

Qual ity ir-Ii 10 20 0 -10 0 0 0 0 10 10 40 2.67
Inspection _________ 

10 30 0 - 10 0 0 0 10 10 50 3.33
1,-Process _Monftor 10 30 0 -10 0 0 0 0 10 10 40 2.67

~~~~~ MonItoring 10 30 0 -l0 10 0 0 0 0 0 40 2.67
~~~~~~~~~~~~~~~~~~~~~~~~ 37 20 10 20 0 10 0 0 0 0 20 0 0 20 100 8.67

Cost Tracking 30 20 10 1 0 10 0 0 0 10 0 0 0 10 100 6.67
FI NAN CIAL MMAOEMEFT 50 80 50 0 70 0 80 0 20 40 —10 40 50 470 7.83

Production Cost Analysis 20 20 0 0 10 0 30 0 0 10 0 10 10 110 7.33

~~~~~~ Escalation ~~~~~~~~~~ 0 20 30 0 30 0 30 0 0 10 0 10 10 140 9.33
L_ Life—Cycle Cost Anal s is 10 20 20 0 10 20 0 20 10 -10 10 20 130 8.67

Progrvi Fi,aaicia ontril 20 20 0 0 20 0 0 0 10 0 10 10 90 6.00

~ !R00U~T SLI’PORT ~~~~~~~ -30 10 0 30 .10 40 70 0 70 80 0 -10 40 .10 420 6.83

- 
1 

— S res Requlrementi -10 20 0 0 10 0 0 20 20 0 10 10 110 5.33
- - onto nc r Design and AnaT ySfS 10 10 0 0 0 20 0 20 20 0 10 10 100 6.67

STE/AGE Disign and Roalysli -10 20 0 0 10 20 0 10 20 -10 10 0 70 4.67

- — Logistics lianning -20 10 0 30 30 20 30 0 20 20 0 10 10 160 10.67
PROOUCTION I i1T90~~~ —2 0 50 0 0 20 80 0 0 40 0 40 20 530 7 0 0

Producibility alysis -10 30 0 0 10 30 0 0 20 0 20 10 110 7 .33
Manufacturing 8nalysi? -10 20 0 0 10 30 0 0 20 0 20 10 100 6.67

VILUE EAGINE 190 1) 10 0 0 10 0 30 0 0 00 0 0 20 80 5.30
lAVA hitS B 5 _____________ 

-20 .10 00 0 0 0 -10 0 20 20 —10 0 0 40 0.17
~~~~~ RACT ORERT 10 20 10 0 20 0 00 0 20 20 0 00 0 110 8.00

101*1 340 1020 190 50 30 80 0 780 220 420 490 0 -250 470 580 4360 
—

AVERAGE (PERCENT)”° J~2 6 9  29.60 3. 85 0.89 0.59 0.98 0 11.00 4.23 8.08 9.22 0 .2.88 9.04 10.77 5.48

°Contractor P did not respond to this co nd it ion ; there fore averages are based on IS cont rector u.

- - 
- en lta li c ized nu,ters fsr each maj or heading are totals of s~~~le,ents .

0~ I en*The avera ge i~~act Is based on the average of .11 sabe lenents. Because of rounding, the overage of the major element
‘ 

I 
totals is 5.59 perce nt.
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in effort beyond that reported for the firm case would be the
result under conditions of specification relief. Table 18 sum-
marizes the reduction of effort for each of the development
program groups from the total contractor sample.

A survey of the sixteen contractor development programs
reveals that four showed no change due to specification relief,
three showed an increase in effort due to specification relief,
and the remaining seven showed reductions in effort ranging up
to 30 percent.

T a b l e  18 . R E D U C T I O N  I N  E F F O R T  DUE TO S P E C I F I C A T I O N  R E L I E F

Percent Reduction
Data and Reports 9.33

- Quality Assurance 7.50
Program Management 7.33
Equipmen t Test 6.78
Materials/Purchased Parts 6.45
Prototype Manufacturing 5.87
Design 5.33
Analysis 3.86
Product Support 3.84
Production Engineering 3.33

— Financial Management 3.17
Contract Management 1.33
Value Engi neering 0

- ; 3. Spec i f i ca t i ons  as Impact Barr iers -

Many of the Government requirements and specif icat ions
• 

- 

that are typically imposed on a design and development program

were observed , as noted in Chapter IV, to be barriers to effec—
tive warranty impact. The questionnaire responses indicated
several major requirements and specifications that contractors
would like to have altered or waived. The following were most

frequently mentioned:

. MIL — E— 5~40OP , General Specification for Airborne
Electronic Equipment

~~
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• MIL—STD—78l, Reliability Tests

• MIL—STD—785, Reliability Programs

• MIL— STD—8l0, Environment Qualification Tests

• MIL_STD_ l~5L~, General Requirements for ElectronicEquipment
• MIL— STD— 883, Test Methods and Procedures for
Microelectronics

• MIL— M—38510, General Specifications for Microcircults
. MIL—STD—275, Criteria on Printed Circuit Construction
. MIL—STD—7011, Aircraft Electric Power Characteristics

• MIL— Q—9858, Quality Assurance and Engineering.

Contractors also listed generic classes of requirements
and specifications that should be changed.

• Configuration management specifications

• GSE specifications
• Quality assurance and control specifications

• Reliability demonstration specifications

• Maintainability demonstration specifications

• Methods of collecting and evaluating field malfunction
-

. report s
• Parts selection criteria and standard parts lists

• ECP contro l
• Non—standard parts approval

• Reprocurement data packages.

The basic rationale offered by the contractors for seeking
relief or elimination of some of the above specifications bar-
riers is that if a contractor is to be ultimately responsible,

Z through a warranty, for the maintenance of his equipment , then

he should be allowed the freedom to design, test, and produce

equipment the way he . wants. Contractors said that the perform—

ance guarantee of a warranty negates the need for many of the

thousands of applicable specifications by assuring the purchaser

f~ 
that he will get the required functional performance without
detailed specification of internal design details or development
processes. 

85

— ~~~~~~~~~~~~~~ ~ z ~~~~~~~~~ ~~~



— 
1~~~~ — -~_ _~_, ___~,~--~-_ - - _

~
_,-,w--.-- ,__ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —_._,_. — —. —‘ .,__—__ -~~ - 17-~—— — s——- --. - -

I

C. CORRELATION ANALYSIS OF CONTRACTOR RESPONSES

Throughout the study analyses, an attempt was made to deter-
mine if a relationship existed between contractor respons e and
program status, Service sponsor, competitive environment , or

• other contractor or program characteristics.

Table 19 below summarizes the data used for these analyses.
The aggregate impact for all program elements is presented to-
gether with two complementary subsets consisting of those
program elements representing activities directly related to
development program conduct and those of indirect Influence.
The data suggest that contractors also weighted these two
categories d i f ferent ly .

Tables 20 and 21 illustrate some of the more Important
contractor subsets that were examined for correlation to or
departure from the aggregate and direct program element impacts.
The F-l6 contractors, for example , reported an average Impact
simIlar to the total sample , except for the actua l case, In
which the F—16 contractors were essentially operating under
beg inning conditions . The advanced “3, ” consisting of those
contractors associated with the three programs In the production
stage (ARN —1 l8 Tacan , ARC~ l6Z~ radio , APN — 20 9 a l t imeter) ,  re—
ported a higher average Impact for each condition than did the

— - total sample . However , a statistical comparison of the sample
4 means and variances did not Indicate that the Impact reported

by this group was significantly different  from that reported by
the others . Other distinctions that are apparent in Tables 20
and 21 include the higher average Impact reported by Air Force
program contractors and the similarities in program Impact

~

1 

•~~ between the averages of all program elements and the average 
- -

of the direct program elements.

Tables 20 and 21 also show that differences exist among
~~~~ a. the average subset Impacts under each condi t ion , but that when

the standard deviation Is calculated and statistical analysis
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is attempted , these differences are not statistically signifi-.
cant. The subset impacts are characterized more by their
similarities than by their differences.

Attempt s to discern additional significant groupings based
on reported impacts were unsuccessful. It is postulated that
other factors are responsible for portions of the contractor
responses and that those factors are either random in applica—
tion or more subtle than those explicitly addressed. 1

D. IMPACT MOTIVATION AND CHANGE IMPLEMENTATION

The research findings thus far have demonstrated that
changes are occurring during design and development as a result 

-

of warranty considerations. At the same time, there are bar-
riers that prevent greater impacts from occurring. If some of
those barriers were removed, a significant change in develop—
ment program effort would possibly occur. .

- ‘ This section identifies some of the motivations behind the L
potential Impacts that have been identified and the steps con.- --

- 

- 
tractors believe could be taken to implement changes in the
typical electronics subsystem design and development program.

1. Risk and Uncertainty : The Prima ry Motivators -

There Is no question that the primary motivation for con— 
I

tractors to implement changes during design and development is
to reduce future product experience risk. Information Is 

Isought that will reduce risk In the following areas:

. Initial field reliability

• Field reliability growth -
-

• Probable failure modes I• Operational environment
f i n  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1The reader is directed to the discussion In (~hapter VII for the ldentif’i.-. I
- ~:

‘ 
~ 

cation of additional factors that were found to Influence warranty appli-
cation and Inpact.
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4.

- • Unit—production costs
• Economic escalation effects

- • Possibility of Induced failures

I • Expected logistics system experiences.

- - 
The most frequently mentioned area of risk was operational

reliability prediction for production units. This area and the
risks associated with pricing replacement units or consignment

I spares years into the future combine to yield large financial
“ risks that cannot entirely be quantified through development

- I actions.

2. Re p orted Wa y s to Reduce Risks

Several methods were suggested by the contractors to help
reduce risks. It has already been found that changes in warranty . 

-

decisionmaking and the removal of a number of barriers would per—
mit contractors to change their development progr~am effort s to
better quantify their risks. Another commonly reported approach
Is to expand the development pilot production phase (or low—rate

• initial production) such that some operational reliability and
- 

- 
- performance data can be obtained prior to warranty pricing.

Listed below are other proposed actions that were recommended.

- (1) Defer warranty price commitment until adequate
technical and performance data exist.

(2) Develop procedures whereby Government can budget for
- and negotiate multi-year contracts.

(3 )  Specify performance rather than design parameters to
suppliers.

(II ) Do not price or negotiate during competitive phase.

[ (5) Extend the development phase to allow sufficient
time for consideration of design options : structure
an intensive post—development test program , m oor—
porating field tests, to give the contractor and
Government assurance and data prior to entering an

- 

111W contract.
( 6 )  Delete induced failures from contractor responsibility

under warranty conditions.
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(7) DefIne specific aircraft environments more precisely .
(8)  Establish pilot production runs. -

(9) Allow more performance—reliability trade—off’s.
(10) PrIce options after prototype flight testing.
(11) Allow for renegotiation on first warranties after

field experience data have been gathered and
evaluated.

(12) Define specific en5rironmental and operational
applications. 

[(13) Conduct additional cost analyses of repair costs
with varying failure modes.

The above list of contractor recommendations was augmented
by questionnaire responses to several questions that focused on
specific areas of effort needed to reduce risk. The most corn—
mon response was a desire for longer and more realistic test
programs. Examples of areas In which additional testing was
recommended were--

(1) Flight testing.
(2) Formal reliability improvement—corrective action

program.
(3)  Operational—type testing In development.
(4 ) Accelerated—life testing.
( 5)  Mock—up testing .
(6 )  More burn—in type testing.

-~~~ 

~ (7) Scheduled tests from Initial production .
(8) More realistic reliability testing.

Based on the contractor responses, the greatest change would be

4 Implemented In the area of reliability demonstration testing
- 

~~. to reduce, as much as possible, the uncertainties associated
with predicting future field reliability. Changes would also
be implemented In prototype or pilot production programs to
provide test data on equipment that most closely resembles the
production configuration and quality .
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E. FINDINGS

The potential impact of warranties on the candidate develop-
ment programs was investigated and quantified under three postu—
lated conditions of warranty application. In addition, the
factors influencIng the impacts were evaluated , potential areas
of program change were identified, and correlation of individual
responses with contractor and program characteristics was
attempted.

1. Potential Develo pment Program Impact When ~ W a rr anty
- Option Terms and Conditions are Known at the

— Be ginning of Engin eerin g Develo pm ent

It was found that , for the aggregate contractor sample ,
the total average development program impact would represent
an 8.2 percent increase In effort if warranty option terms and
conditions were known at the beginning of engineering develop-
ment. This represented a 50 percent increase in impact over
that currently attributed to the prospect of warranties in the
candidate programs. The major absolute increases in effort

- - were predicted in areas of’ data and reports, materials/purchased
parts, analysis, equipment test , and design. The areas of
greatest impact change (levorage) were found to be value engi—
neering, prototype manufacture , production engineering, and

- 
- equipment test. If those program elements receiving an impact

1 - 

other than zero were considered , there was no appreciable

F-’ ~ change in Impact on development effort over the actual candi—

date cases.

‘ 4 -

2. Potential Develo pm ent Pro~ ram Im pact When Warranty ..-

L is a Firm Re quirement - - - 
-

It was found that a firm warranty requirement would result

In an absolute increase in effort of’ 10.5 percent , which repre—
sented a 90 percent Increase over the impacts presently experi—

enced , on the average . Major functional areas affected were

______ ~~~~~~~~~~~~~~ ~~~~~~~- - :  
~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
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1

prototype manufacturing, production engineering, design, and
quality assurance. Program management was the area receiving
the highest absolute increase In effort——l14 percent. If only
those program elements receiving an impact other than zero
were analyzed, an absolute 15 percent increase In effort was - -

estimated , which represented a 22 percent increase in effort
over the present programs. Highest areas of impact included
data and repcrts, program management, production engineering,
and materials/purchased parts.

3. Potential Development Pro gram Impact Under Specification
Relief -

It was found that if non—crit ical  specifications and
standards were relaxed, contractors believed that the develop-
ment program efforts could be accomplished more efficIently
than In the previous two cases, such that an average nominal
5.6 percent Increase would be experienced. This is essentially
the same change In effor t  as presently experienced. If only

• those program element s receiving an impact other than zero are
cons idered , the decrease in effor t  is even greater , with the
average percentage increase In e f for t  declining from 12.4 per-
cent to 9 .9 percent . Data and reports , quality assurance ,
program management , and equipment test were the key areas in
which decreases In effort  were projected.

4. Correlation of Contractor Res ponses

It was found that certain contractors consistently reported

f greater increases in development program effort than others over
all conditions examined . For those contractors reporting a

warranty impact other than zero, the estimated impact on the

candidate development program ‘averaged 12.4 percent . The

reported impacts for the beginning, firm, and specification
relief conditions were 12.8, 15.1, and 9 .9 percent , respectively .
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Except for the actual case, this contractor subset reported an
average impact 60 percent higher than the total aggregate
sample. Attempts to correlate this group of contractors with
other contractor characteristics were unsuccessful.

5. Im pact Motivation and Change Implementation

It was found that the greatest motivation for changes in
- the engineering development program was the desire to reduce

financial risk and uncertaint y associated with field reliability
- 

prediction and future product cost. The change s driven by
these motivations were reported to be widespread ; more extensive

- 

- 

test programs (not necessarily more expensive ) and expansion of
- prototype or pilot production programs to permIt additional

testing were the major reported changes.

~~1

I. 

~~

- -I;

a.
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I_ s

— THE IMPACT OF’ WARRANTIES ON CANDIDATE EQUI PMENT DESIGNS

The improvement of equipment reliability through changes
in design is a key objective of warranties. This chapter exam-
ines some of the changes in design that occurred as a result of
warranty considerations and the requirements that drove those
changes. The previous chapters reported an average development
program impact of from 5—9 percent increase in design effort;
accordingly , corresponding impacts were found in the candidate
product designs.

This chapter focuses on the product of the design effort——
a black box having certain design features, partly as a result

of the warranty requirements. Based on contractor interviews
and the responses to the research questIonnaire , specific
design impacts have been categorized Into five areas for

analysis:

• Contractually required items

• BITE—automatic test equipment

• System archItecture

• Sensors, indicators, and protective circuits

• Design redundancy and parts selection for higher In—
herent reliability.

The major design impacts are summarized in Table 22.
$

A. CONTRACTUALLY REQUIRED DESI GN IMPACTS

Our research found several warranty provisions that led

directly to design impacts by requiring the inclusion of’ certain
features in the products. Tamper—proof seals, for example, had

to be incorporated in equipment box designs so that unauthorized

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~ ~~~~~~- -~~~~~~~~~~~~~
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entry or repair could be easily detected. The use of a seal is
intended to reduce tampering, which can range from attempts at
minor repairs to extensive cannibalization.

Warranty markings were also required to advise users that
an equipment warranty is in effect , thereby warning the user
not to void the warranty by at tempting unauthorized repairs.
Labeling units to allow the logging of information , such as
installation—removal dates , aircraft f lying hours , and serial
number , has also been required under warranty clauses.

Elapsed—time indicators (ETI) were usually required by
contract to verify the actual equipment operating hours. This

requirement is critical because the empirical parameter, equip—
ment operating hours, enters into several key cost—sensitive
provisions of warranty clauses.

B. BITE-AUTOMATIC TEST EQUIPMENT

The major responsibility of a contractor under a warranty
is to repair all faulty equipment returned by the customer .
Since the contractor Is responsible for the repair costs , he
should be motivated to take steps In the design of his equipment

• I to reduce those expenses. One approach is to “d esign in ” higher
inherent reliability so that the calculated equipment MTBF is
suff ic ient ly  high (see Section E).’ Another approach is to
provide for determining the failure mode of a failed unit even
before it arrives at the plant so that appropriate spares can
be available and other maintenance preparations taken. These
actions would reduce the MTTR and associated cost—to—repair .

A related item of expense to contractors is RTOK items——
~ - .~~~ returned equipment that subsequently is found to be working cor—

rectly . The checkout process for this equipment can be

“Desi~ -dng in” reliability nlDst often consists of selecting colTponent parts
- • with hi~~er reliability rating or desi~~ing circuits with redundant , f~il-

safe features . -
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expensive——significantly higher than the $100 reimbursement for
RTOKs cited in some warranty contracts. It Is therefore to the
contractor ’s advantage to reduce the number of’ RTOKs ,.

The observed design impact in this area is an increased
emphasis on built—in test equipment and automatic test equipment .
These impacts can range from including such items as go/no—go
testers or externally viewed failure flags, to designing exten—
sive automated test equipment , either for field or contractor

- 
use. The basic purpose of the test equipment is to aid in fault
verification , isolation, and diagnosis , and to assist In inter-
mittent failure detection and verification , thereby reducing 

—

MTTR and RTOKs.

The impact on test equipment design caused by requirements

for fault isolation and diagnosis Is an important consideration
for contractors, since most equipments , even if meeting the
specified MTBF, will fail once or twice during the time frame

- of a multi—year RIW contract and will be returned to the con—
tractor for repair . Contractors noted in our interviews that

- the ~esign for BITE is closely related to the maintenance level

F -~~ (e.g., LRU, SRA , module) for which it is intended .

- C. SYSTEM ARCHITECTURE

The system architecture element of’ the design process was
- also found tu be influenced by the maintenance level for which

- ~ the equipment is designed. Many design features can be employed -

to enhance contractor repair and thereby significantly lower

- 

- 

MTTR and the corresponding cost—of—repair. )

The circuit partitioning among boards, cards, and modules

can be arranged in a manner to better suit the use of the con—

tractor ’s factory—based test equipment . At a higher maintenance

level, the design of a set of autonomous LRUs negates the re—
quirement to ship an entire failed unit back to the factory .’

N’
‘In msriy conpiex systems , each LRU must be “trthm~d” or specifically tuned
for the rest of the system and therefore Is not an autonorm~us unit .
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The accessibility of LRUs and SRUs Is a design feature also
receiving increased attention .

Warranty considerations were found to affect contractor
make—buy decisions in the area of maintaining spares levels.

In one candidate equipment, for example, alignment was critical
to meeting performance requirements. The contractor could
either purchase the complete assembly (already aligned) or

purchase the parts and assemble and then align them . The
consideration of having to furnish an expensive spare (the
aligned subassembly purchased from vendors) convinced the con—

tractor to assemble this component himself to reduce his
potential spares cost under the warranty , even though the pur—
chased aligned assembly might be preferable in performance.

D. SENSORS , INDICATORS , AND PROTECTIVE CIRCUITS

Contractors can employ a series of design strategies to

monitor the operating environment of their equipment in the

field. Of particular concern is the thermal environment, but
the correct application of primary electrical power, vibration

and shock conditions, and radiation hazards also have to be

considered .

In some cases, the contractor can obtain an “induced fail—
ure” exclusion from the warranty if the operational environment

- 

- 

- experienced by the equipment can be shown to be outside sped —
fications. In such cases, an indicator of thermal overload or

- - - an over—under voltage indicator can help assess responsibility

- 

-
- for the equipment failure.

In other cases we examined, the lack of’ proper environmen —

- 
~.. tal conditioning is not necessarily cause for a failure exclusion .

In these cases, the contractor provided sensors linked to pro—

tectIve circuitry in order to protect his equipment . For

example , a monitoring sensor can be designed to shut off the

equipment if there Is a deficiency in the cooling air input to

-- - 
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the equipment . Upon a post—operation Inspection, a flag can
• • then be read to determine that this condition obtained. Even

if protective circuitry is not used , indicators of “out—of—spec”
conditions are helpful In failure diagnosis. Other design fea— - 

-

tures in use to prevent potential environmental conditioning
problems included the use of low—power electronics and - - -  -

conduction—cooled electronics to reduce dependence on cooling
air.

E. DESIGN FOR HIGHER INHERENT RELIABILITY
- 

We expected that the Impact of warranties on the design
process would include a number of design changes to improve the
inherent reliability of the equipment under development . Our

- 

research found that this was not an Important impact. Few 
- -

contractors reported the use of component or circuit redundancy ’——
a classic technique for improving reliability. - - -

The only impact that was reported was a greater tendency
to use proven integrated circuits (ICs). Vendors were being
asked to show examples of existing successful applications in
addition to the -usual “brochuresmanship” estimates of reliabil—

-

- 

I ity. Several contractors also cited derating of parts and
components as becoming more common .2

- 

- 
F. FINDINGS I -

Changes in product design as a result of the warranty re—
-: quirements were reported by the contractors . Warranty require—

ments led to desIgn changes in areas of tamper—proof seals,

- L ~ warranty markings and labeling, and elapsed—time Indicators.

~~ -
~~ ‘It is reco~~ized that the existence of 1YI~ ~,als for unit—productIon costs

tends to Inhibit such design actions.
21~~

rating involves using a part at an electrlcal-environmantal operating
• level less than the maximum for which It was designed . For exanpie , a

- 

- 
N 

- part may be rated at a certain maximum tenperature and derat ing waild maan ! -

using that part only in applications of 25 percent lower tenperatures .
102
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— More sophisticated designs for BITE and automated test equipment
- were used by contractors to reduce the MTTR and number of RTOKs.

- 
The system architecture was also changed to enhance contractor

I repair. Sensors , indicators, and protective circuits were be—
- 

coming Important design ingredients in order to monItor the
equipment operating and handling environment . Finally, the use
of proven components and derating techniques to Improve inherent

- 
- 

reliability was also reported.
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ADDITIONAL ISSUES RELATING TO WARRANTY IMPACTS

- 
The research efforts expended during this study , and

particularly the numerous meetings with both Government program
officers and contractor personnel, unco”:ered a number of addi-
tional issues and problem areas that can also affect the appli—

L cation and impact of reliability warranties. Many are linked
to other problems needing solution. Some can be trivial in
major programs or system developments , but can become major
roadblocks at the subsystem level. Some require political or
institutional solutions . All need more investigation and more
illumination .

A. CONTRACTOR MOTIVATION FOR INCREASED RELIABILITY

Many of the contractors and Government personnel we inter-
- viewed believe that a maj or fail ing of the present electronics

- system and subsystem acquisition process is that it permits the
- contractor to proceed into production without suff ic ient  con-

fidence or assurance that predicted field performance will be
achieved. Current proof-test programs are not considered

- 

adequate; often the primary motivation for contractors is to
- “pass the test” rather than to test cr -id fix equipment rigorously

- - and repeatedly until it has been thoroughly evaluated.’

-~ The prospective exercise of warranty options by the
I f -

~~ —

Government was expected to change this “pass the test” attitude .
0.- -.

I 

- 11t Is not so much a case of poor test design as It is of inadequate relevant—
~~~- ..~; failure interpretation, non—realistic test environinent , use of handmade

- prototype test equiçtnent , and skilled contractor maintenance personnel.
_

~~~ 
~ In many deve1o~nent and demonstration programs, the pressures to announce

the successftl cmpletion of the equipment development often take precedence
- over a realistic assessment of program status.

-
- 

- 
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But our research found little change In traditional contractor
motivation . Many of those interviewed believe that unless the
penalties (not necessarily cost) outweigh the advantages of
“passing the test” and unless steps are taken to provide the
time and funds necessary to develop complex equipment properly,
there will be no real contractor motivation for ensuring that
design reliability Is transferred through development to field
operat ions . 1

B. GOVERNMENT CREDIBILITY FOR WARRANTY SUCCESS

Throughout our investigations on warranty impact , the ques-

tion of Government credibility was frequently raised. In large
measure , we found this question to be founded on the contractor ’ s
real or perceived observation that project officers were merely 

- 

I -

going through policy—directed motions without any real interest
in negotiating and implementing warranties. Frequently , warranty
options were observed to be unpopular with Government program
officers because the details of the warranty were not fully under—
stood , were difficult to negotiate , were almost impossible to
substantiate on the basis of cost alone, were a financial burden
on scarce procurement funds, and would ultimately be supervised

k:. and directed by another functional organization within the
Services.

In addition to perceiving Government hesitancy over war-
ranties, some contractors believe that , If the Government Is

- - 
- truly serious, they should be allowed more freedom to design

and develop equipment in a way that minimizes their warranty
~

- .- ‘Somehow, alnost all newly developed equipment manages to “pass the test”
r 

- during reliability demonstration, acceptance, and other performance
verification or validation tests. Test waivers, definitions of relevant
failures , contingency provisions , and similar test modifiers are all used
to demonstrate the successftiJ. test acccmplisheEnt, usually on prototype
hardware—which may differ substantially fran production hardware.

~~
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risks. Unfortunately , as discussed in Chapter IV, In an
environment of tight budgets and constrained program schedules,
such freedom is not easily achieved .

- Thus, many contractors feel that it is “business as usual”
and have discounted the possibility of having to stand behind a

- product warranty that might ultimately result in great financial

C. COMPETITIVE ENVIRONMENT

- As In all programs , the competitive environment Influences
-
‘ 

- the actions of the Individual contractor firm throughout the

-

- 

- equipment acquisition phase. During our research , we found many
instances in which competitive effor t s to capture the market ,
perpetuate the product line , or acquire new technology Influenced
decisions during engineering development .2 Too often , warranty
options were priced so as to remain competitive , without a ful l
appreciation of later development and production impacts. Simi-
larly , development programs were often planned and proposed to

- - -

- 
meet customer demands for schedule compression and low cost.
In this  environment , the impac t of fut ure warranty obligations
is latent unti l  a full  appreciation of future obligations and
financial risk Is acquired. Under these circumstances, the

• 

- 

- 
relationship of equipment performance and contract requirements

to design and development program planning as well as the

relationship of price to actual estimated costs, including

ç ‘Many contractors were surprised that the first maj or %Jarranty contract (Air
• 

- Force Tacan) was actually executed with the RIW-guaranteed MI’BF provisions.
- -~~ Some still believe that sufficient le~~l remedies exist to preclude major
- , losses on the Tacan or similar progrsms

~~~~ is not to be construed as a criticism of cciipetitlon, which probably
leads to more efficient management . However, the power of a nonopsonistic

f market can force sellers to take otherwise unacceptable risks to remain in
the market .

107

— ———-————-—— ~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - k — ~~~~~~~ -



— 

~T ’ ~~~ ~~~~~~~~ _ _ _ _  _ _ _

I

- -  risks. Unfortunately , as discussed in Chapter IV, in an
environment of tight budgets and constrained program schedules,
such freedom Is not easily achieved .

Thus, many contractors feel that it is “business as usual”

y and have discounted the possibility of having to stand behind a
product warranty that might ultimately result in great financial

-- loss. 1

C C O M P E T I T I V E  E N V I R O N M E N T

1. As In all programs, the competitive environment Influences

- 
the actions of the individual contractor firm throughout the

- 
equipment acquisition phase. During our research, we found many
Instances in which competitive efforts to capture the market ,
perpetuate the product line, or acquire new technology Influenced
decisions during engineering development .2 Too often, warranty —

F - 
options were priced so as to remain competitive , without a full

- - appreciation of later development and production Impacts. Simi—
larly, development programs were often planned and proposed to

1 . meet customer demands for schedule compression and low cost.

In this environment, the Impact of future warranty obligations

I 
Is latent until a full appreciation of future obligations and

- 
financial risk is acquired. Under these circumstances, the

t relationship of equipment performance and contract requirements

to design and development program planning as well as the

- 
relationship of price to actual estimated costs , including

0.

~
Many contractors were surprised that the first major warranty contract (Air

L -i Force Tacan) was actually executed with the RIW-guaranteed MIBF provisions.
Some still believe that sufficient le~~l r~~~dies exist to preclude major
losses on the Tacan or similar proc ~ms.

2Th1s is not to be construed as a criticism of caipetition, which probably
- S leads to more effIcient management. However, the power of a nonopsonistlc

market can force sellers to take otherwise unacceptable risks to r~~~in in
- - ‘-k the market .
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rIsk coverage, can be heavily biased in order to respond to
market forces. 1 L
D. PREDICTION OF FIELD RELIABILITY j

Prediction of field reliability has been mentioned through—
out this study as a source of’ negotiating difficulty, a consid—
eration that can impact on the equipment design and development 

-

pro-gram, and as the major uncertainty in warranty pricing or -]
risk assessment. This issue has also had a. peripheral impact on -

- 
- 

development programs by establishing new data requirements for
the benefit of future warranty programs.

As the need for an accurate estimate of a new product’s
fi eld reliabil i ty,  both init ially and as a function of operating
time, became critical , the need for better field data on the -

~~

reliability experience of past systeui~s was also recognized. L
Subsystem contractors discovered thatl’ they had ,~ oor or incomplete
data bases for their own equipment and also for~~ther similar
equipment presently In the field.2 Moreover, mucI~ of their
data was of questionable utility since information\n important

variables, such as operating time, application, and ‘cause of

failure, were not readily available from Government maintenance

reports. 3 We found that this void in the basic information
required to determine historical relationships between demon—
strated and operational reliability has created a need to develop
a permanent data base on past and present equipment reliability

/ 

(

11.e., risk Is discounted, perfq~~~ice is estimated optimistically, ~rid the - -

warranty option price becomes ~â marketing tool . I- 2A great deal of valuable dat~/acquired during reliability demonstra4cti and
t - - similar test programs had sl,lply been discarded by the contractors a~’ter a

few years.
3This is a key oint . The Services have developed maintenance reportIr~syst~~~, not reliability reporting systems.

F,., 
~

- 
-
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L
so that future reliability prediction can be made with less -j

U uncertainty and greater realism . 1

E. DIFFERENCES BETWEEN PROTOTYPE AND PRODUCTION EQUIPMENT

- A number of’ the potential impacts Identified In Chapter V
- 

- - 
are related to expansion of present development programs so

- 
that more testing can be accomplished on equipment that is as

I close to production configuration as possible . Many of the
contractors we interviewed believe that pilot production units
should be produced , tested , and placed into service prior to

- pricing a warranty. In their experience , prototype equipment ,
assembled and tested under laboratory conditions , performs
different ly  (usually better)  from equipment assembled and
acceptance tested in quantity production.

The significance of the differences observed between proto-
type and production equipment should not be underestimated .
Together with uncertainties associated with the field operating
environment , the uncertainties associated with the performance

- 
-

, of production equipment have been reported to be responsible
for much of the reliability degradation experienced with opera-
tional equipment . 2 And , as we have observed , knowledge of’ field
reliability degradation Is key to quantifying contractor risks
and to pricing warranty options .

- - 

These factors could form the basis for a significant devel— 1
opment program impact. Pilot production or low—rate initial

L production programs might be Included as a key ingredient In

1Whether accurate reliability experience extrapolations can be made in view of
- maj or changes in technology Is an Issue yet to be investigeted. We have

made an iz~~licit assumption that past relat ionships between desi~~ and
demonstrated and realized reliability are valid indicators of ftture ex—
perlence. This hypothesis needs research, especially in the electronics
technology area .

2 After differences in failure definition and reporting practices have
~~~~~~~~

_ , been taken into account .
F J

. ,
~~~ 
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the reliability development and demonstration process. Pro—
ductlon decisions and warranty commitments could also be
delayed until the results of the initial production unit
performance are known. These events would undoubtedly have
cost , schedule, and contractual impacts. We believe that
an analysis of the costs and benefits -of implementing these
development changes on selected equipments would be worthwhile.

F. DESIGN-TO-COST VS. DESIGN -FOR-WARRANTY

As noted earlier, a dichotomy can arise whenever contractors -:
are asked to design to meet firm unit—production costs goals ,
set by standards of acquisition affordabil i ty,  and then are
asked to design equipment with guaranteed operational rel iabi l i ty .
Our research found that important trade—off ’s affect ing equip—
ment design , production cost , and field reliability can be
made If the DTC goals are mated to reliability warranty con—
siderations in the initial phases of the engineering development
program . Adding a warranty option after  DTC goals have been
established Is counterproductive and inhibits the potential
beneficial impacts of internalizing reliability and maintain—
ability responsibility to the contractors .’

G. TECHNOLOGICAL I N N O V A T I O N  VS. DESIGN CONSERVATISM

There is not much doubt that the possibility of warranty
obligations does affect the contractor ’s risk—taking posture.
One area of impact was observed In the use of advanced tech—
nology during equipment design . Despite many potential advan—

I- -~~ tages to the utilization of advanced components, circuit

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3

‘The couriterargument to these perceived difficulties is that the Government
is only asking the contractors to stand behind the specification require—
ments they have already accepted; therefore IYB~ and warranties slxuld
not be inccm~atib1e if realistic and achievable reliability-maintainability
goals have been accepted .
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L.
designs, and assembly techniques , the use of unproven, non-
standard , or low production-volume parts was reported by many

1 - 
- to be inhibited. The ultimate impact was believed to be a

tendency toward design conservatism on warrantable equipment or
more thorough design proo f—test ing during the advanced develop-
ment stage .

H. RETURN-ON-INVESTMENT CONSIDERATIONS

Warranties have , on occasion , been described as a good
business venture with bui l t—in incentives for greater contrac-
tor prof i tabi l i ty .  Possible benefits  include the future

- I profit  potential as a result of the increased reliabili ty,  the
availability of multi—year warranty funds at equipment delIvery
rather than on an annual basis , and the opport unity to sustain
equipment manufacture and maintenance during the warranty period.

To achieve these monetary and other returns , most contrac-
tors we interviewed reported than an additional investment beyond
the Government ’s present level of investment in engineering
development programs would be required to reduce the risk factor.
Among the candidate programs, examples of this type of Invest-
ment were seen in the form of company—funded development test

-

‘ and demonstration programs , qualification efforts  for new corn—

F ponents and part s , revised material control and quality assurance
procedures , additional work toward adapting prototype designs
for production , and the establishment of pilot production prior
to production cont ract award . The return on this type of
investment during the design and development stage was reported
to be acceptable only if (a)  the contractor wins the production
competition , (b )  the government exercises the warranty option ,
and Cc) the predicted equipment field reliability and maintain—
abilIty are approached In practice.

At the present t ime , many contractors we interviewed believe
that the probability of all these event s occurring is such that
a reasonable return will not be achieved .

T
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I .  THE COST IMPACT OF R E L I A B J ’.ITY WARRANTIES 
. 

-

- 1-
Our research was concentrated on identifying design and

development program impacts; therefore , we did not explicitly 
-
~~

examine the cost impact of warranties for either deve lopment
or equipment production . ~ Based on our research , however , a
cost Impact can be expected in most cases for additional }
development e f fo r t .  This cost would have to be included with
the equipment warranty price to estimate the full cost of an
equipment warranty.

Table 23 presents a summar y of the estimated warranty cost
impac t using assigned percentage we ightings for the direct
development program categories and the impact percentages pre—
sented in Chapters IV and V. 2 This table Illustrates that , If
only the program elements of the contractors reporting impacts
other t han zero are analyzed , the direct cost impact would be
11 percent under actual  or beginning warranty application condi—
tIons , 15 percent if the warranty requirements were f i r m  at the
beginning of engineering development, and 8 percent if apec i f i-
cation r e l i e f  were permitted. If all program element impacts
(including zero ) are used for analysis , the expected cost impact
would be 5 percent for the actual  case , 8 percent for the beg in-
ning case , 11 percent for the f i r m  case , and 5 percent for the
sp e c i f i c a t i o n  r e l i e f  case. The indirect cost elements , materials
and purchased parts, financial management , value engineering, -

~~~

and contract management , have not been Included; those costs were
considered to be assignable to overhead or indirect accounts .

The actual costs of achieving predicted field reliability
~ —

~~ for any of the candidate programs are not known at this time .

1For each program, the relative cost contribution by functional element would
be necessary to calculate the R&D cost Impact from data reported by the con- -:
tractors. This presents an interesting topic for future investigation .

2’n-~ assigeed percentage weightings have been selected based upon the
experiences of the investigators. Individual development programs could
differ sigeificantly depending upon the nature of the development task.
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However , we believe a valid warranty cost—b enefi t  study would
have to ident i fy and estimate the non—recurring direct and
Indirect costs , as well as the recurring costs of warranties ,
in order to assist in the warranty decision process. -

J. THE SUBSYSTEM CONTRACTING ENVIRONMENT

The unique features of the subsystem acquisition environ— -

ment have been docu’-~iented before , especially in those instances -

when contract requirements were dominant forces in subsystem -

contractor behavior. 1 Often , subsystem contractors are the -

subcontractors of maj or prime contractors , as Is the case for --

the F—16 avionics. And while the subcontractors may be obJ .i— 
- .

gated to meet or exceed the major provisions of their prime 
-

contractor ’ s contract with the Government , they have l i t t le
leverage on their many suppliers to pass along critical contract 

-

~

ri sks and ob1iga~ ions.

This situation of risk containment prevailed for all the
candidate subsystem contractors examined in this study . Not
one contractor reported that he was able to pass rel iabi l i ty  

- .  
-
~

£ warranty guarantees on to his suppliers . This left  the sub — - .  —

system contractor in a position of weakness , bec ause he was
unable to ensui’e his major cost components or spread the risk - ;
among severa’l subcontractors . This factor ) among others , was - ,

important in establishing risk-averting management behavior and
in explaining the uncommon concern over the risk implications
of the warranty obligations that we observed during the
interviews.

:~ ~
K. LEGAL ENFORCEABILITY

In the course of our research , we encountered frequent

1For a discussion of desige—to—cost acquisition policies and the subsystem
contractor envirornent , see C. tavid Weimer, The Application of Design-to-
Coat Acquisition P oliciea to Selected Electronics Subs yet~ ’n Development
Programs , IDA S— 1459 (1975), pp. 67—73.
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discussions about the potential for “ gaming ” the warranty
option such that potential risks are not encountered In actual
practice or, if they are, the contract can be modified or
voided .1 If the contractor, under a warranty contract situa-
tion, believes that he can minimize or limit his potential loss,
then his basic Incentives are affected from early in the design
stage through production and deployment of the equipment. If
the risk—factored profit (expected value of financial gain) Is
small and the potential penalty or loss limited , then there will
be little real incentive to expend additional time and effort
early in the development program . One contractor stated that it
may be more profitable to spend resources in pursuit of legal
remedies than in product improvement. Moreover, the contractor ’s
negotiating leverage increases with each additional unit de-
livered to the field , particularly because he will be dealing
with Service management who did not participate in the early
contract warranty formulation.

We also encountered mention of the ultimate legal enforce—
ability of warranty penalties often enough in our research to
believe that the warranty impact on the design and development
program does, in fact, depend to some degree upon the contrac-
tor’s assessment of both the Government ’s policy credlbility

- 

- 

- 

- 

and the warranty ’s eventual legal enforceability .2

L. CONCLUDING REMARKS

This chapter highlighted a number of issues that either in—
dividually or collectively could Influence the equipment design

0-

11t is not the intent to discuss the strategies and methodologies of “gaming”
in this report . This topic is presented only for its observed and potential
~pact on the design and develoçtnent process as an exogenous impact agent.
2For example, a possible legal position supported by a posture of uncon—

bi scionability resulting fran the market power of the Goverrnent during
~~ 

-~~~~ negotiations was mentioned during our research interviews.
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and development process. 1 We could not ascertain whether many

or all of’ these issues came into play In all the candidate
programs . However , since they were recurring topics of --
discussion , initiated primarily by contractor personnel , they
have been raised here for further research and debate. Some
of these issues could be determining factors affect ing the 

- -

outcome of equipment warranty programs .

-

~~~ - 

-; 4

4. 
-

‘0- 
--

- 3Preventing an impact is viewed as an irTportant inf].i.~ nce, also.
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V I I I

SUMMARY OF F I N D I N G S  AND CONCLUSIONS

A. SUMMARY OF FINDINGS 
-

The research effort yielded a number of significant find—
ings related to the application and Impact of warranties on the
candidat e programs. These findings , derived from the question-
naire responses and the many contractor Interviews , are sum-
marized by major topic below.

1. Warrant y Requirements and Their App lication

Our investigations into the warranty requirements and their
application provided findings in areas of contract requirements,
contractor development environment, equipment maturity, and
warranty negotiation.

- - Most of the programs investigated contained multiple
warranty obligations or options geared to the achievement of
specified operational reliability . The requirement details were

- - - 
- 

similar for all programs examined. The reliability improvement
warranty and guaranteed MTBF options were patterned after the
Air Force Tacan contract, and the requirements for meeting
Service logistics support cost targets were similar to those
negotiated for the Air Force UHF radio program .

Equipment warranties covering operational performance for
- 

~
- time periods exceeding two years were found to be new contract

r. - requirements for the candidate contractors , most of whom lacked

previous military warranty experienc e . The warranties therefore
represented a completely new contractual commitment for the

contractors . -
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Contractors did not usually negotiate the detailed terms
and conditions of their warranty obligation until negotiation
of the production contract. This situation was found to InhIbit
important design trade—offs during the engineering development
program.

Most (eleven of sixteen) of the contractors described their
equipment as a “new technological development” rather than a
product improvement over a previous model. The risk associated
with predicting the ultimate field reliability of the equipment
was found to be increased because of the lack of relevant field
data on previous equipment.

Difficulties -or critical areas during warranty require—
ments negotiation were reported in eleven major categories.
Measurement of field reliability, definition of relevant fail-
ures, and warranty price were the critical negotiating areas
most frequently identified by the contractors.

2. Im pact on Candidate Development Programs

The overall impact of warranty requirements on the candi—
- 

* date development programs, in terms of the increase in develop-
ment program effort, was reported to be small. An average
impact of 5.5 percent increase in effort was recorded based on [k all sixteen questionnaire response’s. The development program

- 

- 
functional elements receiving the greatest impact were contract
management , program management, design analysis , data and
reports, and financial management.

Several requirements were identified as influencing the
execution of the development program. Explicit requirements for

f -s
equipment seals, elapsed—time indicators, and environmental
and operational data directly influenced the functions of

design, prototype manufacture, and report preparation,
respectively . Implicit equipment performance and maintaina—
bility requirements for MTBF, MTTR, and TAT influenced efforts

in program, contract, and financial management as a part of

the overall risk assessment.
116
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Major barriers to additional program Impacts were also
identified. The major constraints, as reported by the contrac-
tors, were the uncertainty of warranty requirements, the
shortage of additional development funds, the constrained de-
velopment program schedule, preset unit-production cost goals,
and inflexible equipment performance and product specifications.

3. Im pact on Product Desl~~~

The impact of warranty options on equipment design was
reported to be minor, except for contract—imposed requirements
for box seals, elapsed—time indicators , and warranty labels.
A small impact was reported in the areas of built—in test
circuitry or other means of failure isolation, such as test
equipment accommodation.

The primary barrier to design impacts appeared to be the
requirement to design equipment suitable for both Service
organic maintenance and contractor maintenance.

4. Potential Im pact on Candidate Development Programs

• Three warranty application conditions that could lead to
increased warranty impact were identified and investigated

- - during the research. These conditions were : (1) negotiation
of warranty terms and conditions at the beginning of engineer—

- 
-
~ 

- 
ing development, (2) elimination of the option status of war—
ranty contract requirements, and (3 )  greater specification
flexibility.

The responses to the IDA research questionnaire Indicated
that the overall development program effort would have been

L ~ increased from 5.5 percent to 8.2 percent if the negotiation
of warranty terms and conditions had been accomplished prior to

the beginning of engineering development ; similarly , the program
effort would have been increased to 10.5 percent If the option—

decision uncertainty had been removed. If greater specification

- - 119
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flexibility were also permitted , total additional effort would
increase nominally , to 5.6 percent . However , the areas for
increased effo rt would be different  from those in the current
programs .

5. CorrelatIon of Contractor Res p onses

Certain contractors consistently reported greater increases
in development program effort than did other contractors over
all conditions examined . For those contractors reporting a
warranty impact other than zero, the estimated impact on the
candidate development program averaged 12.14 percent . The
reported impacts for the beginning,  f i r m, and s p e c i f i c a t i o n
relief conditions examined in Chapter V were 12.8 , 15.1 , and
9 .9 percent , respectively . Except for the actual  warranty
application case , this contractor subset reported an average
impact that was 60 percent higher than the total aggregate
sample.

Attempts to correlate this group of contractors with other
-

- 
contractor characteristics were unsuccessful . Attempts to
identify relationships between contractor response and program

status, Service sponsor, competitive environment , major system
application , and other characteristics were also unsuccessful.
No identifiable rationale for specific contractor behavior

could be found .

- 

-. 

6. AddItio n al Issues Relatin g to Warrant y Impacts

The following additional issues relating to warranty im—
pacts were identified during the research effort :

• Contractor Motivation for Increased Reliability

• Government Credibility for Warranty Success

• Competitive Environment

• Prediction of Field Reliability

• Differences Between Prototype and Production Equipment
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• Design—to—Cost vs. Design—for—Warranty

• Technological Innovation vs. Design Conservatism

• Return—on—Investment Considerat ions

• Cost Impact of Equipment Warranties
S Subsystem Contracting Environment

• Legal Enforceability of’ Warranty Contracts

These issues , either individually or in the aggregate , were
- 

I reported to influence contractor behavior during engineering
development by helping to create a greater impact or by pre-
senting barriers that precluded further impact .

B. C O N C L U S I O N S

Based on the findings of the limited research effort, the
following conclusions can be drawn regarding warranty impacts

on the candidate subsystems examIned during the study . 
- 

-

1. Warrant y A pp lication Has Been Uncertain and Imp erfect

The application of warranties to the candidate electronics
subsystem development programs was made in an environment of
uncertainty created by the experimental nature of the warranty
acquisition policy, the lack of previous contractor experience

- 
- with warranties, the advanced technological status of the equip-

ment, and the lack of definitized warranty requirements during
development. This environment and contractor uncertainty about
the Government ’s ultimate exercise of the warranty option re—
suited in an Imperfect application of warranty techniques.

Because of these conditions , we believe the warranty experiments

represented by the candidate subsystems may not be conclusive

indicators of the success or failure of the Government ’s

warranty policy.

r
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2. Warrant y Op tions Are Not Yielding Design and Development
Incent ives for Im pr oved Reliabi l ity

Given the uncertainties surrounding the application of war—
ranties and the observed impact on the candidate programs, it
is concluded that warranty options are not changing the equip-
ment design and development process In ways that would either
significantly improve the inherent reliability of the equipment
or provide necessary additional information to contractors
regarding expectations of future equipment field reliability.
Presently, the candidate warranty options can be better

- , - characterized as fixed—price options for future maintenance of
production equipment .

3. The Potential Exists for Increased Warranty Impact

There is a potential for increased beneficial warranty im-
pacts on the equipment design and the development process if -

uncertainties and barriers surrounding warranty application are
removed. Elimination of the optional nature of present warranty
programs, for example, appears to be an important step. The
increased Impact can be achieved most efficiently if maximum
allowable specification relief accompanies changes In warranty
policy . Realization of the Increased impacts could necessitate
longer develooment schedules and additional development funds
because of the Increased effort involved. However, we believe
that this investment would be cost—effective over a subsystem’s
life cycle if equipment reliability and availability were there-
by significantly improved .

4. Warrant y Op tions Have Cap tured Mana geme nt Attention

The interviews and questionnaire responses have demonstrated
that warranty options have attracted the attention and concern
of Service and contractor management. This concern has been
prompted by the great uncertainties surrounding the candidate
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program outcomes. Steps to translate this concern Into positive
action for improved equipment reliability are potentially
available and are outlined as “Guidelines for Warranty Policy
Deve lopment and Application” in Chapter IX.
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G U I D E L I N E S  FOR WARRANTY POLICY DEVELOPMENT AND A P P L I C A T I O N

The findings derived from Government and contractor inter-
views and the data retrieved during this research study support
several guidelines for continued warranty policy development .

These guidelines , presented below, are steps that OSD and the
Services should consider to improve the application of warranties
to electronic subsystem development programs. In particular,
these guidelines are aimed at enriching the design and develop—
ment process and providing greater leverage over life—cycle
costs and better operational performance for the development

funds expended.

• A. OPTIMAL SCHEDULING FOR WARRANTY DECISIONS

In order to achieve maximum benefits from equipment war—
ranties, the maintenance philo~~phy for the candidate equipment
should be established by the completion of the equipment ’s ad-

vanced development stage, i.e., before DSARC II. The option
- 

- 

process for exercising warranties should be discarded as
counterproductive to optimizing equipment design and to achIev—

Ing Increased equipment reliability and maintainability through
the development process.

B.  WARRANTY R E Q U I R E M E N T S  D E F I N I T I O N

The specifications and requirements for future equipment
warranties should be negotiated early in the equipment develop—
ment program, preferably during negotiation of the engineering

development contract. These requirements should be treated

the same as equipment design or performance specifications .
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C. INTEGRATION OF WARRANTIES WITH DESIGN-TO-COST PROGRAMS

The application of warranties to programs that already con—
tam design—to—cost goals should initiate a reassessment of the
production cost targets to minimize the sum of’ future acquisi— 14
tion and operational costs.  A formal process should be estab—
lished to enable contractors and Service project officers to
revise unit—production cost goals if such a change can be justi—
fled on the basis of reduced life—cycle costs.

D. SPECIFICATION FLEXIBILITY

Specification flexibility for non—critical requirements
assumes a role of even greater importance when contractors are
required to assume additional responsibilities for equipment
performance. Thus specification flexibility should be an
integral part of each warranty procurement .

E. RELIABILITY DATA AND PREDICTIVE MODELS

To aid in improving reliability prediction , retrieval of

current and past field reliability data on all generic equip-
ment suitable for warranty application should be continued.
Efforts also should be increased to predict more accurately

future field reliability from demonstration test data. These
- 

- initiatives should be taken with help from, and feedback to,
the industrial contractor sector . =

F .  D E V E L O P M E N T  F U N D I N G  AND S C H E D U L E  F L E X I B I L I T Y
‘

-‘p

Preparations for meeting equipment warranty guarantees may
require additional development time and funds. The Defense De—

partment should recognize this possibility and take steps to

1.
:. ensure that additional time and money are available.
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TOPICS FOR A D D I T I O N A L  RESEARCH

Most research studies uncover a number of questions that
are not answered by the original effort, and this study is not
an exception. Many questions that were surfaced during our In-

vestigation d~mand research attention if the application experi-
ence with wai~1’ant1es is to mature . The more Important subject

areas for additional research are listed below; all are presented

in questlon,1form for the benefit of prospective Investigators.

• How cost effective are equipment warranties when
all direct and indirect costs and benefits are
considered?

• Have warranties affected the engineering change
proposal (ECP) process and application experience?

• What impact will widespread use of warranties
• exert on the Services ’ logistics organizations

and operations?

• What is the cost value of uncertainties In the
prediction of future field reliability and main—
tainability?

• What are the historical trends and supporting
methodologies for predicting reliability?

• Do warranty considerations inhibit technological
innovation during design and development?

- - 

• What has been the actual field operating experience
to date with the multi—year warranties?

• Are warranties for parts of subsystems feasible?
What are possible ramifications of a partially —

warranted weapon system?

- 
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Ap pendix A

T ASK ORDER T- 125:  RELIABILITY IMPROVEMENT
W A R R A N T Y  I M P A C T  A S S E S S M E N T
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DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (~~~j~)
w~4~:t -~,g 1400 WI1. ;ON UOULEVA RL )

ARL INGTON. V I R G I N I A 2220t1

TASK ORDER FOR WO RK TO BE P ERF ORM ED
J~Y

IN STI TUTE FOR DEFENSE ANA l~YSE S

TASK ORDER T- L2~ DATE : 
—-____________________

You are he reb y requ es ted  to un der take  the fol lowing task :

1. TlTLE~ R e l i a b i l i t y  Improve ment  War r an ty  Impact Assessment

2 . RACKC ; FWII N I ) :  Re ]  l a b L i  it y  Imp rovem en t W a r r a n t i e s  (R IW ) and
oLhe r r e l  t ab L l  i t  y ~~u r I r a n  Lees o I lered by equipment manufacturers
have prove n  to In- e l iect ive  w a y s  for  improvtng cquLpmcnt
0 I ) C r ; t t L o t l a l  re ii .11) 1 l i L y  u~ coiniucrcial airline apl) liC;LiiOflS
R a s e d  upo n t h e  commerc ia l  e x p e r i e n c e  w i t h  av ionic s  e q u i p m e n t
( l u r i n g  the  p a s L  Len ye ar s  , the p u r c h a s e  of RIWs w it h  equi pment
is  now a s t a n ( I n r d  and c o s t - e f f e c t i v e  p rac t i ce  for airline
avionics  p r o c u r e m e n t .  .

L : - : t e n ( l ( - d — d u r a t  i on w a r r n n t i c - s for  mi i i .  t a ry  app lica L ion  w ere
i n i t i a t e d  b y ftc- N a vy  i_ n 1969 w i t h  the  acqu i s  i L ion of a L ear—
Sei~ 1cr ni  r b orne  gy r o  assenib t y - S u b s e q u e n t  (loVe loprien t of the

— co n ce pt  has  1 - d  to w i d e s p r e a d  consi deration of RIW op t t o n s  for
a’iionics equi pme nt  in a l l  Serv ices

N T W s  have a l s o  become i m p o r t a n t  i n g r e d i e n t : s in  the Dcsi~ n-  to—
Cost  ( lilC) ;lcqu i s  it ion  process where to t a l .  L i  f e — c y c l e  costs are
cr i t i  c a l  cons ide rat i  ens - In a r e c e n t  s t u d y ,  IDA has  documented

- - t h e  a l)p i i C a t i o n  of P~iW options  to several  e l ec t ron ics  subsys tems .
This inves Li.g;i t i  on i n di c a t e d  t h a t  the i n c o r p o r a t i o n  of RIW options
or rd i ;ihiltt:y s u I ar a l ) t ees  i n to  equi p m e n t  a c q u i s i t i o n  pr og r ams
COI l  1(1 S i gn i f i  c~in t . ly in f lu en c e  ftc des i gu and deve lopnient  process
and t he  d ev e l n p -d e qu i p m e n t  - The l mp n c t  o f R1W op t ions  up on
e ( I u ip l n e n t  a c q u i s i t i o n  was i d e n t i f i e d  as a top ic needing further
s t udy.

~~~~ •
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TASK ORDER T-125

3. OBJECTIVE: The objective of this task is to analyze the
impact of RIW options upon the design and development process
and the resulting systems and subsystems .

4. SCOPE: ICA is asked to investigate and analyze Service
experiences to date in the planning and execution of develop-
ment programs containing provisions for 1<1W options. The
programs selected for st udy wi th  DDR&E con currence wi l l
consider as candidates  those electronic  subsystems previously
investigated for Design-to-Cos t policy application and
selected avionics subsystems being developed for the mult i -
national F-16 Air Combat Fighter (ACF) as well as others
appropriate to this task . The depth of the analysis will
depend upon the extent to which appropriate data and information
on the systems can be obtained.  For each p rogram (within the
scope of the avai lable  d a ta ) , the requirements  of the RIW option L

- 

- w ill be documented , and the impact  of th ese requiremen ts upon
development program p lanning ,  equipm ent design , developmen t
t e s t ing ,  development program cos t and schedule , and equipment
production cost and performance , will be analyzed.

5. SPECIFIC TASKS:

1. Identify and document fo r ea ch can di date pr ogram th e
requirements  for RIWs which were es tab l i shed  and imposed
upon th e program during the development phase .

2. Document and analyze the impacts of the reliability
specification and RIW requirements upon the design and
development process in terms of development program
scope , cost and schedule , and product design , perfor-
mance and cost , form , fit and function , and use of
Government Furnished Equipi~ient (GFE) - 

- 

-

3. Based upon data and insights developed , ld e n t i f ’,- ~~
t r-r ~~that OSD and the Services can take in the development

process to assure that newly-developed items can
transition to production with warranty provisions which
assign commensurate risks to both the Government and
contractors .

6. SCHEDULE : The first phase of this task will be limited to
45 days T6~~~the purpose of i den t i fy in g and se lec t ing  the
candidate programs . Thereafter informal progress report
briefings are requested at three-month intervals during the
task e f f o r t .  A Draft Final Report is requested on 1 October 1976.

A-2
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TASK ORDER T ].25

7. ODDR&E COGNIZANCE: Cognizance of this task is within
the Office of the Assistant Director (Planning), ODDR&E.

8. SCALE OF EFFORT: A maximum of 15 man-months of effort ,
including use of consultants is authorized for this task.

• - 9. REPORT DISTRIBUTION AND CONTROL: All report distribution
will be contro~I1~~ by the office of technical cognizance .

10. SPECIFIC INSTRUCTIONS AND LIMITATIONS: None . Changes
in scales of effort will not be made wfEE&i t the consent of
ARPA . A “need-to-know” is hereby established in connection
with this task and access to U.S. and foreign program
information in the field of this Task is authorized for
part ic ipat ing personne l and such supervisory and advisory
personnel as deemed necessary . Department of Defense support ,
such as access to classified documents and publications ,
security clearances , and the like , necessary to comp lete
this  Ta sk , w i l l  b e obtaine d th ro ugh the cognizan t ODDR&E
office .

- 

- /~~ -/-:/~~:~~~Càorge 1-I . 11éilmeie~Director

ACCEPTED :
Aicx~ ndcr 11. ~~lax -

- 
- 

• 

President , IDA

DATE: 
— 

10 October 1975
- -

-~~~ z - -
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A ppendix B

AFSC MEMORANDUM: SUPPORT FOR TRI-SERVICE RELIABILITY
AND SUPPORT I N C E N T I V E S  W O R K I N G  GROUP
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Support for Tri — Sorvic. RoliabUity and Support Incentiv.s
Working Group

P/ PL/RWV /~1U~ fL)
1. AFSC is participating in a in -Service ~e1iability and ~ i~port
Incaut ives Working Group recently chartered by the Acting Assistant
Secretary of Defeuso (I$L ) and DIiR~fl. The pri ma i urpos~s of thia
Group are to develop improved policies and procedures for motivating -

contractors to pro duc. reliable systems and to enhance the t ransf ~rof lessons learned in Reliability Iatprov- meait Wsrr uiti.s and Life
Cycle Costing.

2. The Institut e for Defense Analyso~ (IDA) has been tasked to
support the Tn -Service work ing ( roup in achiev ing its objectives .
IDA will study our exponienco with the various incentive techniques
and their impact ~qicn the development of -~lectrcnics subsyste ms .
The WA study director is Dr. David Woime r , MrI OVON 225-1382 .

- 3. Your office is requested to cooperate with the lIlA study teem
in providin g access to the sppro~niato Co itractors and progr am d ita.

- 

- 
• FOft ThE COt4~4ANDER

- ‘ -  
-

• 

• 

- 

, C l o ~ie1, USAL? Cy to~ ~~~Ic/!~q4u~

a- -
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A~ppend1x C

OSD MEMORANDUM : TRI -SERVICE RELIABIL i TY

- 

AND SUPP ORT I N C E N T I V E S  W O R K I N G  GROUP
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OFFICE OF THE SECRETARY OF DEFENSE
-
‘ ~ 

WA$H~NOTON , D.C. 20301

MEMORANDUM FOR Director of Defense Research and Engineering
- Assistant Secretary of Defens e (I& L.)

Assistant Secretaries of the Military Depa rtments (R&D) 
-

Assistant Secretaries of the Military Depa rtment s (I& L)

SUBJE CT : Tn -Service Reliability and Support Incenti ves Working Group
I
.

¶ The tn -Service group which has been forme d as a result of our memorandum
- 

of 5 September 1975 (same subje ct ) has received excellent support fr om the
Services. The first meeting of the working group was held 7 October 197 5
and as you can see from the attached minute s and action plan there are a
significant number of critical tasks to be accomplished. Cont inued emphasis
will be placed on ident ifying and developing guidel ines that will have an early
pay-off . The working group activities will be focused on tasks related to:
(1) Ri sk/Cost Analysis , (2) Application of RIW ’s, and (3) Other Reliab ility
and Suppor t C ost Incentives.

As a result cf your favorabl e Support of thi s endeavor , assurance has been
receive d from both Army and Navy that $55, 000 each will be made ava ilable —

to Air Force for the Tn -Service RIW Data Base and Ana lysis Tasks. It is
- antici pated that the Services will identif y their task require ment s by

- 6 November 1975 , the Air Force will translate these req uiremants to a firm
state merit of work by 19 December 1975 and a contract could be awarded

- 
-
~ during Febr ua ry 1976.

- The next meeting of the workin g group will be held 6 November 1975. At
-. that time the Service working gr oup members are to pre sent how the

-
- ~~~,.. independent anal ysis of P.1W applications is condu cted in response to the

- • ASD(I&L) memorandum of 16 September 1975 , (Subj : Reliabili ty Improve-
-

~~ inent Warrant y (RIW) Guidelines).

It appears that producti on phase P.1W requirements will influence the
research and development (R&D) process and result in improved equipment

• reliability . The fu.1l R &D impact of these requirements has yet to be
assessed and is therefore a task area of the working group. According ly,

c~ 1

—---
~~~~~~~~~~~~--~i

-- .L~~~~~~~~~~~~~~~~~~ 4- .~~ ~~~~~~
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the Institute for Defense Analysis (IDA) has been tasked to observe, record, - i I
and analyze the impact RIWs ha ve on the development process for those
programs previously examined for Design to Cost (DTC) policy appli cation.
Also, they are to identif y other equipment developme nts where P.1W can be
implemented to affe ct the development pr ocess and whe re impact can be - 

-
~

assessed. For the IDA project leade r , Dr. C. David Weime r , to perform
effectively during the study, access to information from Service staff ,

t program manager , and contractor /subcontractor offices is essential . With
your concurrence the Service staff members of the wor king group will be
considered as the point s of contact for the purposes of thi s stu dy.

Your supp ort of the working group and the application of RIW ’s to reduce
support cost and improve field reliab ility of equipme nt is appreciated.

ROBERT E . BERRY ~~~~
t’>3ACQUE S S. GANSLER

• • Deputy Director Deputy Assistant Secreta ry of Defense
(Policy & Planning) (Materiel Acquisition) - - 

-

- 1~• -~~~~
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I I~~I 400 ARMY -NAVY DRIVE , ARLINGTON , VIRGINIA 22202 • TELEPHONE (703) 558-1000
INSTITUTE FOR

DEVENSE ANALYSES

To: Distribution

Subject: Reliability Improvement Warranty Questionnaire

The Institute for Defense Analyses (IDA) has been directed by DDR&E (Office
. - of the Deputy Director for Policy and Planning) to Investigate the Introduc-

tion of Reliability Inçrovement Warranties (RIWs ) and other life-cycle cost
guarantees Into recent defense electronics acquisitions. The focus of the
IDA effort is Identification of the Impact that these new initiati ves may
have upon future equipment development programs and equipment design.

Recent IDA research in defense electronics acquisition (IDA Study Report
S—459) has revealed that requirements for equipment warranties or life—
cycle cost guarantees can be coupled to the design of the equipment and the
conduct of the engineering development program. Many questions or problem
areas associated with implementing operational guarantees are best addressed
by taking appropriate act ions duri ng the design and development process
thereby reducing risk and uncertainty for both defense contractors and the
Government.

The purpose of the IDA research task Is to identify both beneficial as well
as dysfunctional impacts of equipment operational performance guarantees
upon the electronics development process. The task Is also aimed to delineate
potential desi gn and development barriers which Impede the effective applica-
tion of these guarantees. -

To achieve these objectives, nineteen development contractors representing
fourteen candidate electronics programs, as shown in Attachment A, are

t 
- being interviewed and are requested to complete the attached questionnaire

for their particular program. Additional interviews will subsequently be
scheduled to retrieve the questionnaire and discuss specific candidate
program issues. The responses of all contractors will be suninarized; all data
will be coded to prevent disclosure of specific programs or contractors.

The output of the research effort will be an identification of changes which
can be made during the design or development process to favorably affect the
successful negotiation and Implementation of product field-performance

r. guarantees. Potential barriers to achievement of lower life—cycle cost and
Increased field reliability will also be identified for Government require-
ments review.

Copies of the resulting study report will be sent to each respondent as we ll
as all candidate program offices.

D-1
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Reliability Improvement Warranty QuestionnairePage 2  
-
~~~

If you have questions or need clarification regarding the questionnaire orthe IDA study effort, you are encouraged to contact the undersigned at(703) 558-1843.

Thank you for your cooperation and participation In this project. - 
-

St !r~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— Project Director

Attachm ents 
• 

‘I(A) List of candidate subsystems and contractors.(B) RIW Impact Questionnaire

I

I
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INS TI TUTE FOR D E F E N S E  A N A L Y S E S  -~~~~

RESEARCH QUESTIONNAIRE

r

1~
— THE IMPACT OF RELIABILITY IMPROVEM ENT WARRANTIES• UPON

E L E C T R O N I C S  E Q U I P M E N T  D E S I G N  AND D E V E L O P M E N T

ii

I.

-
~~ - C A N D I D A T E  PROGRAM : ______________________ •1

I.

- - -IP

j

‘•1
- S

~~ P R O J E C T PROP RIET ARY INF O RMAT I O N It
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THE IMPACT OF R E L I A B I L I T Y  IMPROVEMENT WARRANT IES
UPON

ELECTRONICS EQU IPMENT DESIGN AND DEVELOPMENT

I N T R O D U C T I O N  
-

This questionnaire is designed to solicit the experiences
and the opinions of selected defense contractors who are
current ly or have recently engaged in development programs
containing requirements for future equipment Reliability

Improvement Warranties (RIWs) .  The primary purpose of’ the
questionnaire is to identify the actual or potential impact
that RIWs or RIW options have upon the development process and
the developed equipment. A subsidiary , but critically important ,
object ive of this questionnaire is to identify those elements of
current electronics development programs which inhibit or act as
barriers to the success of RIW implementation.

While it Is the intent of this questionnaire to derive
information acquired on a specific program managed by your
company , the results of the questionnaire will be combined in
such a manner as to conceal all program identification. Your
response will be held in strictest confidence; no correlation
or identification will be made in the reported results between
responses and specific programs. Data from each of the nineteen

selected contractors will be held by IDA as Company—Proprietary
informat ion.

This questionnaire is divided into four parts. Part A is
designed to provide general background information concerning

your company and your past experience with product warranties.
- — Part B solicits information concerning your recent or current

development program and the equipment under development . Part

B also solicits your opinions and suggestions for improvements

in the development process. Part C addresses the construction
of a proposed engineering deve lopment program under assum ed

D-5
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conditions that an RIW is not optional but is a pre—planned

condition for future equipment procurement . Part D is an
attempt to obtain specific examples of ~he RIW impact upon

- 

development programs and equipment .

Most of the questions contained in this questionnaire can
be answered by simply checking the appropriate box or by supply—
ing a few words relative to your particular program. However ,
It is recognized that all of the key issues surrounding RIWs
and the development process may not be identified by the
questions. Therefore, sufficient space has been provided for

P 

your use to amend or elaborate upon the questions asked. This I
- type of “feedback” Is very import ant to this study and is

- specifically encouraged.

b I.
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A. BACKGROUND INFORMATION: 
-

.

1. Title or position of respondent . _______________________

2. Briefly indicate past development or product ion programs
which contained warranties or warranty oçtions . _________

3. The candidate program can be characterized as:
/7 A Product Improvement ( Over A Previous Model)

/7 A New Technological Development

a -

L~~. As of Jaruar y 1, 197 6 , the status of the candidate product
- development program was :

17 10% Complete 17 25% Complete 17 50% Complete

17 Completed

5. The topic of an RIW warranty was first formally introduced
- :  to the candidate development program: 

-

-

, 

/7 With the Deve lopment RPP /7 Prior to PDR

a Prior to CDR a Prior to Qual. Testing or
Prototype Demonstration

a With the Production RFP
- 

- 6. At what point were the terms and conditions of the RIW
option negotiated?

- 

-
~~ a Development Contract Award a CDR

a Production RFP a Production Contract Award

~ 
~~

- a Not Yet Negotiated

r 
-*
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7. IndIcat e the most critic al areas for negotiation you
believe are cont ained In your RIW option.

a Definition of Relevant Failures -

a Turn-Around Time
/7 Consignment Spares Provisions
/7 Warrant y Price 

,

17 Measurement of Field Reliability -
/7 ECP Procedures
a Economic Escalat ion Provisions
/7 Configurat ion Control Prov isions 

-a Contractor Data and Reports * 
-

/7 Warrant y Time Period - -

/ 1  Other (Specify) ___________________________________ 
. -

8. What is (or was) the approximate dollar value of the
candidate equipment development program? $

_ _ _ _ _ _ _ _ _ _ _ _

I,

- -

4.-
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B. IMPACT OF RIW OPTION ON THE CURRENT OR RECENT
- D EV E L O P M E N T  P ROGR A M

1. Listed in the table below are the functional elements
of a typical electronics development program. In the first
column you are requested to identify those elements which were

- 
actually influenced by the presence or possibility of the RIW
option and estimate the impact in terms of incremental effort

- or program scope change . In the second major column you are
-

. I requested to indicate your best estimate of what the impact of
the RIW option would have been if the terms and conditions had
been negotiated prior to start of the engineering development

program . Assume for both cases that the warranty is to be a
priced option and that Government organic maintenance require-

ments were also imposed upon the program. Do not hesitate to

add to the functional list or make other appropriate
modificat ions.

The choice of response for each functional element has been
divided into six possibili t ies ranging from a moderate decrease

• in ef for t  to a significant increase in total effor t . Assum e
that a “small” increase or decrease represents approximately

• a 10 percent change, a “moderate” increase or decrease a 20
percent change, and a “significant” increase represents any—

- thing over 25 percent additional effor t .

4.

-
~~ ~~

-
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TABLE 1

ESTIMATED I P A CT WITH NIH OPTION AT THE
ACTUAL OSACT UPON CANDIDATE PROGRAM BEGINNING OF ENGINEERING DEVELOPMENT

NODERATE SMALL NO SMALL NODERATE SIGNIFICANT NODERATE SMALL NO SMALL NOOERATE SIGNIFICANT
DECREASE DECREAS E CHANGE INCREASE INCREASE INC REASE DECREASE DECREASE CHANGE INCREASE INCREASE INCREASE

DEVELOPMENT PROGRAM ELEMENT

DESIGN

CIRCUIT 0 CI a D a a CI 0 0 0 0 0
CARD AMD BOARD 0 0 0 a a a a a a a a a
NO DULE 0 a a a a a a a a a a a
SM - a a a a a a a a a a a a
LRU OR FLU 0 0 0 a a a a a a a a a
SYSTEM ARCHITECTURE 0 a a a a a a a a a a a
BUILT. IN TEST a a 0 0 0 0 0 0 CI 0 0 0
TEST EQUIPMENT 0 0 0 a a a a a a a a a
GROUND SUPPORT EQUIPM ENT a a a 0 a a a a a a a a

PRODUCTION TOOLING a 0 0 a o a a a a a o a

ANALYSIS

THERMAL 0 0 0 0 0 0 0 0 0 0 0 0
• STRESS 0 a a a a a a o a a 0 0

EMC a a a 0 a a a a a a a a
CMV IROM4NT a a 0 o a a a a a a a a

FAILURE-NODE-EFFECTS 0 0 0 0 0 0 0 0 0 0 a a
RELIABILITY a a a a a a a a a a a a
MAINTA INABILITY o a a a a a a a a a a a

PROCUCIBILIT Y a a a a a 0 a a a a a a
OPTIMJM REPAIR LEVEL 0 a a a a a o a a a a a
COST.PERFORMANCE a a a a a a a a a a a a

MATERIALS AND PURCHASED PARTS

PART SELECTION 0 0 CI a o a a a a a a a
VEND OR SCREENING a a a a -a a a a a a a a
COST ESTIMATING AND PRICING a a a a 0 0 0 0 0 0 0 0

PROTOTYPE MANUFACTURE

COMPON ENT PR OCUR EMENT 0 0 a a a a o a a a a a

CARD OR BOARD ASSEMBLY 0 a a o a a a a a a a a

NODULE ASSEMBLY a a 0 a a a a a a a a a
BOX OR CHASSIS ASSEMBLY 0 a a a a a a a a a a a
FUNCTIONAL TEST AND CHECKOUT 0 a a a a a a a o 0 a a

EQUIPMENT TEST

‘ART /COMPONENT ACCEPT. TEST 0 0 0 0 0 0 0 o 0 o a 0
BREADBOARD TESTS a a a a a a a a a a a o

- , BNASSBOARD TESTS 0 0 0 o a o o o a a a 0
EQUIP. PERFORMANCE DEMON. 0 a a a a a a o o o a a
EQUIPMENT ENVIRONMENT AL TESTS 0 - a a a a a a a a a a a
EQUIPMENT RELIABILITY TESTS 0 0 0 a a a 0 0 a o a a
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[ _ _ TABLE 1 (Continued)

- 
ESTIMATED IMPACT WITh 11W OPTION AT ThE

ACTUAL IMPACT UPON CANDIDATE PROGRAM BEGINNING OF ENGINEERING DEVELOPMENT

- MODERATE SMALL NO SMALL MODERATE SIGNIFICANT MODERATE SMALL NO SMALl. MODERATE SIGNIFI CANT

- 
DECREASE DECREASE CHANGE INCREASE INCREASE INCREASE DECREASE DECREASE CHANGE INCREASE INCREASE INCREASE

QUAL ITY ASSURANCE

QUALITY ENGINEERING 0 0 0 0 0 0 0 ~ a a a a
INSPECTION 0 0 0 a a a a a a a a a
IN-PROCESS MONITORING 0 0 0 0 0 0 a a a a a a

- 
TEST MONITORING 0 0 0 0 a a a a a a a a

- PROGRAM MANAGEMENT

— COST TRACKING 0 0 a a a a a a a a a a

- FINANCIAL MANAGEMENT

~RODUCTXON COST A NA LYSIS 0 0 0 CI a 0 a a a C a a
ECONOMIC ESCALLATION ANALY . 0 0 a a a a a a a a a a

— 
- LIFE-CYCLE COST ANALYS iS 0 0 0 0 0 0 0 0 0 0 ~ 0

- 
PROGRAM FINANCIAL CONTROL CI a 0 0 0 CI a 0 a 0 0 0

PR ODUCT SUPPO RT- ,  
SPARES REQUIREMENT S 0 0 CI a a a a a a a a a
CONTAINER DESIGN B ANALY. 0 CI a a a a a a a a a a
STE/AGE DESIGN & ANALY . 0 0 0 0 0 ~ ~ 0 C C 0 CI
LOGISrtCS PLANNING 0 0 0 CI 0 0 0 ~ C a a 

- 
a

• PRODUCTION ENGINEERING

PROOUCISILITY ANALYSIS 0 CI 0 0 0 0 0 0 0 0 0 0
• - - MANUFACTURING ENGINEERING 0 0 0 0 0 a 0 0 0 0 ~ C

VALUE ENGINEERING 0 0 0 0 0 0 ~ 0 0 a a a

DATA AND REPORTS 0 0 0 0 0 0 0 a a a a a

- 

- 

- 
CONTRACT MANAGEMENT 0 0 0 0 0 0 0 0 0 0 0 0

0 - OTHER (PLEASE LIST )

_ _ _ _ _ _ _  a o a a a a a 0 o a a a
_ _ _ _ _ _ _ _ _  a a a a a a a a a a a a
_ _ _ _ _ _ _ _ _ _  0 0 0 0 0 0 a 0 a a CI 0
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2 Discussions with a small sample of participating 
-

contractors Indicate that there exist a number of barriers

which may prevent many beneficial development program changes
from occuring. In the list of typical program or product

design constraints presented below, please indicate those
which you believe constrain changes which would be beneficial
to your future RIW option. Once again , you are encouraged to
contribute additional information.

No Minor Maj or
Program Constraint Effect Constraint Constraint -

~~~

a. Production Cost Goal /7 /7 /7
b. Development Schedule /7 /7 /7
c. Development Funds /7 /7 /7
d. Performance Specifications /7 /7 /7
e. Reliability Goals 17 /7 /7
f. Military Specifications :

Standard Parts /7 /7 /7
Reliability Prediction /7 /7 /7
Environmental Testing /7 /7 /7
Conf iguration Control /7 /7 /7 - I
Engineering Changes /7 /7 /7 •Ii
Qual ity Assurance /7 /7 /7
_ _ _ _ _ _ _ _ _  a a a
_ _ _ _ _ _ _ _  a a a
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  /7 /7 /7
_ _ _ _ _ _  a a a
_ _ _ _ _ _ _  a a a

g. Data Rights /7 /7 /7
h. Source Selection /7 /7 /7

~ 

- -
~~ I. Report Requirements a a a j

j. Other 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a a a

_ _ _ _ _ _ _ _  a a a
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a a a
_ _ _ _ _ _ _ _  a a a
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3. Prom the above list, name the program requirement which
you feel presents the greatest barrier to designing and
developing equipment suitable for RIW application.

14~~ The requirements associated with RIW options demand changes
be made In the design of the equipment . Examples of such
changes are elapsed—time indicators, tamper—proof box seals,
and warranty identification decals. You are requested to
list other design changes which you have made (or would
like to have made) in response to specific RIW option
requirements.

Design Change RIW Requirement or Reason
for Change

—
... 

________________________________

- S

O ~

5. In view of your experience to dat e , name any spec1~ ic
- 

- 

changes you would propose in your next development program
if the requirement for a priced RIW option was known at
the beginning of the Engineering Development program.

I
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6. In your opinion, what specific measures can either the

Government or their contractors take during development
to reduce the risks inherent in contracting for a multi—
year Reliability Improvement Warranty. ___________________ -

- 7. Which elements of the RIW option do you believe represent 
-

the greatest amount of pricing uncertainty? 
_______________  

- -

— 

I-

I

- 4 .
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C. IMPA CT OF RIW AS A FIRM CONTRACT RE QUIREMENT
It is the intent of this part to determine the potential

Impact of RIW requirements upon the equipment development
— 

- L process when it is known at the outset of engineering develop— 
-

ment that the equipment will be procured with firm RIW
obligations. The entire warranty maintenance concept is to be

- 

the responsibility of the contractor. The Government will,
however, have the option to terminate or renew the warranty at

- 

the end of the initial warranty period which should be assumed
to be five years. The details of the logistics support and

- maintenance program , together with the proposed cost of an RIW, 
-

will be considered a part of the competitive production contract —

source selection criteria.

1. As in Part B above, you are asked to indicate in the
following table the impact of an RIW requirement upon
the development process. The effects of two separate
operating conditions are again solicited; the first set
of responses assumes other program and product specifica—

- - tions continue to be Imposed while the second response
S 

- matrix is for the situation where all specifications and
-~ requirements are flexible and nego~T~ble except forcritical performance, cost , and reliability requirements.

As before , your additional comments or areas of impact
- are solicited.

~L
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TABLE 2

EXPECTED IMPACT WITh FIRM 11W EXPECTED IMPACT WITH FIRM RIW
- REQUIREMENTS (NO SPEC RELIEF) REQUIREMENTS (FULL SPEC RELIEF)

MODERATE SMALL NO SMALL W)OERATE SIGNIFICANT MODERATE SMALL NO SMALL MODERATE SIGNIFICANT
DECREASE DECREASE CHANGE INCREASE INCREASE INCREASE DECREASE DECREASE CHANGE INCREASE INCREASE INCREASE

DEVELOPMENT PROGRAM EL EMENT

DES~~~~

CARD AND BOARD 0 0 0 0 0 0 0 0 0 0 0 0
MODULE C 0 a a a a a a a a a a
SRA CI 0 CI a a a a a a a 0 CI
LRU OR FLU CI 0 0 0 0 CI CI C 0 CI 0 a
SYSTEM ARCHITECTURE 0 a CI 0 0 0 0 0 0 0 0 0
BUILT-IN TEST 0 0 - 0 0 0 CI CI a 0 CI a a
TEST EQUIPMENT 0 0 C 0 a a CI 0 CI 0 0 0
GROUND SUPPORT EQUIPMENT 0 0 0 0 a a a CI 0 0 a a
PRO DUCT ION TOOLING 0 0 CI 0 0 0 0 0 0 0 0 CI

ANALYSIS

FAILURE-MODE-EFFECTS 0 0 CI 0 0 0 0 0 0 0 0 0
RELIABILITY CI 0 CI 0 CI 0 0 0 CI ~~ 0 0
MAINTAINAB ILITY 0 0 0 0 0 0 CI 0 0 0 0 0
PRODUCIBILITY 0 CI 0 CI 0 0 0 0 CI a a a
OPTIPIJM REPAIR LEVEL ~~ 0 0 0 CI CI 0 0 CI a a a

- COST -PERFORMANCE 0 0 0 0 a a a a a a a a
‘S

MATER IALS AND PURCHASED PARTS

PART SELECTION CI 0 0 0 0 0 CI 0 0 0 a a
VENDOR SCREENING CI 0 0 0 0 0 0 0 0 0 0 0
COST ESTIMATING AND PRICING 0 CI a o a a a o a a a a

PROTOTYPE MANUFACTURE

COMPONENT PROCUREMENT 0 0 CI a a CI 0 0 0 0 0 0
- 

- 

- CARD Oft BOARD ASSEMBLY ~~ 0 0 0 CI a a a CI 0 0 0
MODULE ASSEMBLY a a a a a a a a a a a a

I -- 
BOl OR CHASSIS ASSEMBLY 0 CI CI a CI a a 0 0 CI 0 0
FUNCTIONAL TEST AND CHECKOUT 0 0 CI C~ 0 0 0 0 0 0 0 0

J -s
EQUIPMENT TEST

- 

- PART/COMPONENT ACCEPT. TEST a a 0 0 0 0 0 0 0 0 0 0
BREADBOARD TESTS CI CI a a a a a a a a a a

~~~~~ 
BRASSBOARD TESTS a a a a a a a a a a a o
EQUIP . PERFORMANCE DEMON. 0 0 a a a a a a 0 0 0 CI
EQUIPMENT ENVIRONNENTAL TESTS CI CI CI 0 CI 0 0 CI 0 CI 0 0

r - EQUIPMENT RELIABILITY TESTS CI C a a CI CI 0 0 0 0 0 0
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TABLE 2 (Continued)

- EXPECTED IMPACT WITH FIRM RIW EXPECTED IMPACT WITH FIRM 11W
REQUIREMENTS (NO SPEC RELIEF) REQUIREMENTS (FULL SPEC RELIEF)

MODERATE SMALL NO SMALL MODERATE SIGNIFICANT MODERATE SMALL NO SMALL MODERATE SIGNIFICANT
DECREASE DECREASE CHANGE INCRtASE INCREASE INCREASE DECREAS E DECREASE CHANGE INCREASE INCREASE INCREASE

QUALITY ASSURANCE

QUALITY ENGINEERING 0 CI 0 0 0 0 0 0 0 0 0 0
- - INSP ECTION 0 0 0 0 CI 0 0 CI a a a a

IN-PROCESS MONITORING 0 CI 0 0 0 CI a a a 0 0 CI
TEST MONITORING CI 0 0 CI 0 CI CI 0 0 0 CI CI

PROGRAM MANAGEMENT

COST TRACKING CI 0 CI 0 a a a a a a a a

FINANCIAL MANAGEMENT -

PRODUCTION COST ANALYSIS 0 CI CI 0 CI CI 0 0 0 0 CI 0
ECONOMIC ESCALLAT ION ANALY . CI CI 0 CI CI CI CI 0 CI 0 a 0
LIFE-CYCLE COST ANALYSIS CI 0 0 0 CI CI 0 0 0 CI a a
PROGRAM FINANCIAL CONTROL 0 CI CI CI CI 0 CI CI a CI 0 a

PRODUCT SUPPORT

SPARES REQUIREMENTS 0 0 CI 0 0 CI 0 0 0 CI 0 0
CONTAINER DESIGN & ANALY. 0 0 CI CI 0 0 0 CI CI C CI CI
STE/AGE DESIGN & ANALY . CI 0 CI CI CI CI 0 CI 0 CI a a
LOGISTICS PLANNING CI 0 CI 0 0 CI CI 0 CI CI CI 0

PRODUCTION ENGINEERING

PRODUCIBILITY ANALYSIS CI 0 0 CI 0 0 0 0 0 a 0 0
MANUFACTURING ENGINEERING 0 0 0 0 0 CI CI 0 a a a a

VALUE ENGINEERING 0 0 0 CI 0 CI 0 0 CI CI 0 0

DATA AND REPORTS CI 0 0 0 0 0 0 0 CI 0 CI 0

CONTRACT MANAGEMENT 0 0 0 0 CI 0 CI CI 0 CI 0 a

OTHER (PLEASE LIST )

0 0 CI 0 0 0 0 0 CI 0 0 0
CI 0 0 CI CI 0 CI CI 0 Q a CI 

—

_ _ _ _ _ _ _ _ _ _  0 0 0 CI CI 0 CI 0 0 CI 0 0
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2. Assuming a firm RIW program requirement , list those major

Government~ requ 1rement s and specif icat ions which are )
typically Imposed upon a design and development program
and which you would either like to have altered or waived . -

—
A

.

-I-
1 . ;  - -

- f
3. Identify any specific changes In equipment design or

configuration which would occur as a direct result of
knowing at the outset that contractor warranty provisions
would be part of the production contract award .

(a )  
-

(b )  ______________________________________________________

(c) ____________________________________________________________________

(d) _________________________________________ --

(e) ______________________________________________________

4. Wha t areas of new technology would you like to pursue
(either on IR&D or company funds) to improve -your competi—
t ive position in developing equipment for warranty
service?

D-18
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5. What steps do you believe the Government could take during
the development stages of a program to help contractors
optimize their designs for warranty.

6. What additional effort, if any, do you think might be
- pursued during development to increase confidence In

future production equipment field reliability and
reliability growth during the initial phases of

r deployment . ____________________________________________

- 
- 7 What additional significant changes in development program

plans or product design can you identify if contractor
- - 

maintenance was planned throughout the lifetime of the
equipment. ___________________________________________

1. ,

~

* 
-
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D. CASE STUDY ANALYSIS

The preceeding sections have examined actual or antici—
pated design and development program impacts from a generalized 

a’.

program point of view. It Is the intent of this’ section to
document specific examples where the impact of the RIW option
can be seen. One typical example for both the program and the
product will be sufficient for our purposes.

1. Describe, for your recent or current candidate development
program, a specific case where the requirement for an
RIW option has made an impact or change in t he development
program. Describe the impact in terms of extra tasks,
increased scope of work , incr eased cost s , additional
schedule t ime , etc. The RIW requirement which drove the
change should also be identified .

I

I

.. 

I
S

.

S

I ~~-2O

L _ _ _ _ _ _ _ _



____________________________ ____________________________ ________ 
--

2. Describe a change or innovation made to the design of the
- 

candidate equipment in response to a specific RIW require—
- - ment . Identify the requirement and describe the design or
- 

configuration change, including some estimate of the
estimated production cost impact.

5-
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GOVERNMENT AND CONTRACT OR INTERVIEWS

Government Program Off ice Interview Dates
USN, NAVELEX (DIP EW Suite) 18 Decentber 1975
USAF, ESD (ARN-11 8 TACAN) 9 January 1976
USAF, ASD, (ARC-164 Radar) 12 January 1976
USAF, ASD, (B-i ECM) 12 January 1976

- - USAF, ASD (F-16 SPO) 13 January 1976
USA, ECOM (APN-209 Altimeter) 30 January 1976
USA, ECOM (ASN-128 Doppler Navigator) 1 March 1976

Contractor

Hughes Aircraft Corp. (Aerospace Sys. Div.) 3 November 1975
Hoffman Electronics (NAVCON Div. ) 4 November 1975
Hughes Aircraft Corp. (Ground Systems Div.) 5 November 1975
Teledyne/ Ryan Co. 6 November 1975
General Dynamics Corp. (Electronics Div.) 7 November 1975
Westinghouse Electric Co. (Defense & Electronics Div.) 14 November 1975
Teledyne/Ryan Co. 28 November 1975
Kaiser Aeros pace Corp. 5 December 1975
Col l ins Radio Corp. 22 January 1976
General Dynamics Corp. (Ft. Worth Div.) 23 January 1976
Kaiser Ae rospace Corp. 5 February 1976

. Hughes Ai rcraft Corp. (Aerospace Groups) 9 February 1976
General Motors Corp. (Delco Div.) 10 February 1976
Hughes Aircraft Corp. (Ground Sys. Div.) 12 February 1976
Hoffman Electronics (NAVCON Div.) 13 February 1976
Hughes Aircraft Corp. (Aerospace Groups) 16 February 1976
Lear Siegler Corp. 17 February 1976
Westinghouse Electric Co. (Defense Div.) 9 March 1976
Singer-Kearfott Corp. 11 March 1976
Cutler Hatmier Corp. (AlL Div.) 15 March 1976
Boeing Aerospace Corp. 23 March 1976
Raytheon Co. (Santa Barbara Div.) 25 March 1976
Teledyne/Ryan Co. 26 March 1976
General Dynamics Corp. (Electronics Div.) 29 March 1 976
RCA Inc. 30 March 1976
Rockwell International Corp. (Collins Radio Dlv.) 31 March 1976
Minneapolis Honeywell (Defense El ectronics Div.) 27 May 1976

c Z Magnavox Co. 28 May 1976
- ~ 

-
~ 

- Hoffman Electric Co. (NAVCON Div.) 1 June 1976
~
‘- 

~~- Hughes Aircraft Corp. (Ground Sys. Dlv.) 2 June 1976
- ,. Lear Siegl er Corp. 2 June 1976

Hughes Aircraft Corp. (Aerospace Div.) 3 June 1976
Raytheon Co. (Santa Barbara Div.) 4 June 1976
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ANNOTATED BIBLIOGRAPHY

- 

1. Airborne Electronic Equipment Lifetime Guarantee, R. H.
Myers and C. M. DeWitt, III , Hughes Aircraft Company,
RADC.-TR—69—363 (Griffiss Air Force Base , New York: Rome
Air Development Center , 1969).

Examines the feasibility of applying various types of
- lifetime guarantee plans to the procurement of avionics.

Examines the practicality of plans and guarantee ramifi—
catlons throughout system lifetime. F—lO6A system data
were utilized .

2. “An Analysis of Decision Criteria for the Selection of F—l6
Reliability Improvement Incentive Alternatives,” Thomas H.

• Kogel and Nathan B. Mills, Jr., Air Force Institute of
-~~ 

Technology thesis (Ohio: Wright—Patterson Air Force Base,
- 1975).

Analyzes F—l6 alternatives from a government—benefit point
- 1. of view. Methodology is developed to compute significant

- 
costs to the government over the equipment operational

~~

. lifetime for each alternative. The procedures and results
of the methodology are demonstrated for two selected F—l6

- FLU5.
- 1~

3. App l ication of Desi gn—to-Coat  Acquisit ion Policiea to
Selected Electronics Subayetem Development Programs ,
C. David Welmer, S—459 (Arlington, Va.: Inst i tute for

-~ 
- Defense Analyses , 19 7 5) .

4. I

f Analyzes DoD experience in applying design—to—cost acqul—
sition policies to electronic subsystems . Fourteen sub—

-. systems representing three Services and involvIng 27
industrial contractors were investigated. Guidelines for

- 
-
~ future policy deve lopment derived from the findings were

-- recommended In the areas of DTC subsystem program planning,
• prediction of production costs and equipment performance ,
- F reliability improvement warranties, and subsystem management .
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4. A p p lication of  R e l i a b i l i t y  I mprovement Warranty (RI W)  to
DoD Procurements, Dennis Jean Allen (Monterey, Calif.:
Naval Postgraduate School, 1975).

Concludes that RIW may be a valuable tool for bring buyer—
seller goals into agreement by transferring the management
of costs to the seller.

5. App lication of the Commercial Airline Acquisition Method-
ology to Department of the Navy Electronic Equipment
Acquisition, L. J. Graham, Pub . No. 1313—01—1—1447
(Annapolis, Md.: ARINC Research Corp., 1975).

Includes comparative analyses of the airline acquisition
method and the Navy acquisition method , development of’
a recommended acquisition policy, preliminary economic
analysis, and recommendations for a pilot program.

6.  Audit  R e p o r t - - S u bsy s t e ms  Management , Air Force Audit
Agency , (1975).

Discusses warrant y markings , storage of items under
warranty, warranty repair, and information systems.

7. “Aviation Supply Office FFW/RIW Case History #2, Abex
Pump ,” Oscar Markowltz , Proceedings 1976 Annual Reliability
and Maintainability Symposium, Las Vegas , Nev .,  January
20—22, 1976 (New York: Institute of Electrical and Elec—
tronics Engineers , Inc . ,  1976) .

Presents case history of a warranty application with a
purely mechanical equipment .

8. Avionics Reliability Study, Lt. Col. Ben H. Swett, tJSAF,r~ Phase I and II (Andrews Air Force Base , Camp Springs, Md.:
Air Force Systems Command, 1973 and 1974).

‘a

Discusses the disparity between specified and operational
51. - MTBF of’ avionics equipment .
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9. “(The ) Change in DoD Electronics Acquisition ,” Jacques S.

Gansler, Deputy Assistant Secretary of Defense (Materiel
- 

Acquisition), Address Before the 1972 Winter General
- Session of the Airlines Electronic Engineering Committee,

~ L Miami, Fla., December 12, 1974.
- - 

— Discusses three changes in the approach to the acquisition
process for DoD weapon and electronics systems——design—to—

-. price, standardization, and holding the supplier more
responsible for the field reliability of his equipment

-: (warranty).

10. “Considerations for Effective Warranty Application ,” B. L.
J Retterer , Proceedings 1976 Annua l  Re l iab i l i ty  and Maintain-

- ‘-  a b i l i t y  Symposium, Las Vegas , Nev . ,  January 20—22 , 197 6
(New York: Institute of Electrical and Electronics

• Engineers, Inc., 1976).
- 

Reviews the several forms that a warranty can take. Out-
lines criteria for identifying potentially effective appli-
cations. Presents a method for evaluating the economic
feasibility of a warranty .

- 11. “Contractor Performance/Warranties/Organic Support : The
Failure Free Warranty Experience at ASO,” Thomas L.
Schanz, paper presented at Seminar on Interfaces and
Relationships of’ Design to Cost, Integrated Logistics
Support, Life Cycle Costing, Washington , D.C., May 114~15,

-
_ 

1974 (National Security Industrial  Association , 19711).

Discusses the elements of the warranty, the mutual sharing
of the risks and rewards, the estimate of reliability, and
the real—life influences on that reliability.

12. “(A) Contractor View of Warranty Contracting,” William J.
Bonner, Proceedings 1976 Annua l Re l i ab i l i ty  and Maintain-
abi l i ty  Symposium , Las Vegas , Nev., January 20—22, 1976

4- - (New York: Institute of Electrical and Electronics
I - Engineers, Inc., 1976).

- ;. ~ Present s a set of typical warranty contract provisions
and then proceeds to discuss the challenges offered to

- ~~~~~~~ 
- t he contractor by those provisions.
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13. (A) Cost Effectiveness Study of Air Force vs. Contract
Maintained Non-Tactical Radio Systems, Gerald E.
Bronnenberg (Maxwell Air Force Base, Ala.: Air
University, 1972).

Compares the costs of’ contract nontactical radio mainte-
nance with Air Force maintenance.

14. “Cost of Reliability Improvement,” Avery H. Heuesh, Pro-
ceedings 1969 Annual  Symposium on Reliabi l i ty ,  Chicago,
Ill., January 21—23, 1969 (New York : Ins t i tu te  of
Electrical and Electronics Engineers , Inc . ,  1969).

Examines systematically the contributions of individual ,
Independent methods for reliability improvement and
computes their “ efficiencies ” using data from a number of
major reliability programs.

15. “Designing for LCC,” William H. Boder , Defense Management
Journa l, January 1976.

Discusses the Magnavox experience with LCC on their ARC—
1611 radio.

16. (The) Development and Analysis of RIW and COD Provisions
for the Air Combat Fighter  (ACF) Airaraft, 0. Harrison, Pub.
No. 1264—01—1—1370 (Annapolis , Md.: ARYNC Research Corp.,
1975).

Describes the chronolo gy of event s and the decision
rationale in the evolution of l ife—cycle—cost controls

• for the air combat fighter. Includes “lessons learned”
summary.

-

~~ 
17. Electronics-I: A Study of Mili tary  Electronic. With

Pa~ t iouiar Reference to Coat and Reliability, in 2
vols.,2: “Complete Report ,” Howard P. Gates, Jr., et al.,
R—l95 (Arlington, Va.: Institute for Defense Analyses,

‘- 197 4 ) .

E~~

Identifies the current DoD and industrial policies,
- ‘e procedures, and practices In development, production, and

operational support that most significantly influence the
cost and reliability of military electronics. Recommends
changes to reduce and control cost and to improve

- - , reliability. The report concentrates on five major,
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high—impact areas: (1) data collection and feedback, (2)
requirements, (3) competition and management options, (Li)
reliability enhancement, and (5) maintenance training.
Numerous other areas are discussed , and detailed recommenda-
tions are made In regard to each.

18. Evaluat ion of F-16 Subsystem Options Through the Use of
Mission Completion Success Probability and Designing to
System Performance/Cost Models, A. M. Doman and A. G.
Dunkerly , Air Force Institute of Technology thesis (Ohio :
Wright—Patterson Air Force Base, 1975).

Analyzes F—16 subsystems and determines optional strategies
for RIW, RIW/MTBF , and TLSC options in terms of mission
completion success probabilities and costs.

19. “Factors on Balancing Government and Contractors Risk with
Warranties,” Russell R. Shorey, Proceedings 1976 Annua l
Reliabi l i ty  and Main tainabi l i ty  Sympoeiwn , Las Vegas , Nev.,
January 20—22, 1976 (New York: Institute of Electrical and
Electronics Engineers, In c ., 1976).

Discusses the DoD background , new incentive techniques,
warranty pricings, warranty application, and LCC implications.

20. “Failure Free Warranty——5 Year Results,” R.P. Wilcox ,
NAECON ‘74 RECORD (New York : Ins t i tu te  of Electrical and
Electronic Engineers, Inc., 19711).

Discusses the Failure Free Warranty (FFW) concept and con-
cludes that the original program was a total success.

21. Government Contract Warranties, Government Contracts Mono—
graph No. 2 (Washington, D.C.: George Washington Uni-
versity, 1961).

Includes four papers : (1) “Warranties under the General
Law of Sales——Some Relationships to Government Contract
Law,” by John W. Whelan; (2) “Government Contract Warranties,”

-
- by Frederick Sess; (3)  “An Industry Att i tude Toward Govern—

ment-Required Warranty Clauses , ” by John F. Carr; and (4)
“Army Contractual Warranties——The Quest for Quality,” by
Donald E. Miller.
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22. “Government Depot Maintenance Warranties,” Russell M. Genet ,
Proceedings 1976 Annua l Rel iabi l i ty  and Maintainabil i ty
Symposium , Las Vegas, Nev., January 20—22, 1976 (InstItute -

~~~of Electrical and Electronics Engineers, Inc., 1976).

Discusses the concept of government depots ’ offering
maintenance warranties.

23. Government Depot Maintenance Warranties, Don E. Hunt , -

Russell M. Genet, and Theodore Crosier, AGMC 74—019
(Ohio: Aerospace Guidance & Metrology Center, Newark -

Air Force Station, 19714). -

-
~~~~ Introduces the concept of government depot maintenance

warranties and discusses their advantages and disadvantages, - 

-

what a warranty might consist of, and how it might work.

-
~~~ 24. Guidelines for App lication of Warranties to Air Force - 

-

Electronic  Systems, Harold S. Balaban and Bernard L. Retterer, - -

1500—01— 1—145 1 (Annapolis , Md . :  ARINC Research Corp. ,  1975).

Reviews basic types of warranty plans . Provides informa-
tion on the applicability of various types, developing T -

a set of terms and conditions, administrative procedures
for developing and implementing a warranty, and evaluation
procedures for monitoring warranty performance. A life- - -

cycle cost model is presented . Includes a case study of 
-the AN/ARN— 118 TACAN set. Sample warranty provisions, a . - -

user ’s manual, and other reference material are also -

provided.

25. “Industry Application of Failure Free Warranty Techniques,”
Ralph P. Wilcox , presented at 8th Annual Joint Services
Data Exchange Conference for Inertial Systems, held at
Charles Stark Draper Laboratory , Cambridge , Mass . ,  August - -

19—21 , 1974 .

Discusses both the general application of FFWs and 5—year
results for the Lear -Siegler gyro as a case study .

26. Industry Sub Group Report on RAM Incentives and Warranties,
R. H. Waln, et al. (Washington, D.C.: American Defense
Preparedness Association , 1975).

~~ Reports on background information obtained from U.S. Army
Electronics Command on methods and techniques for expanding
use of’ RAM incentives and warranties.
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27. Interim Guidel ines , Re l i ab i l i t y  Improvement Warranty (RIW) ,
U.S. Air Force, Hq., Directorate of Procurement Policy
(AF/LGP), DCS/Systems and Logistics (1974).

Provides guidance with respect to RIW application criteria;
- 

- - funding of RIWs; essential elements to be included In an
RIW contract clause; determination of cost effectiveness of
use of an RIW provision; and evaluation approaches that can

- - be used to assess the cost effectiveness of an RIW after it
- has been implemented.

I 28. Long Term Service Warranty Contracts--A Case Examp le of
- Gyroscopes Purchased Under Warranty, Joseph L. Higgins,

- - : Air Force Institute of Techno1~gy (Ohio: Wright—Patterson
- Air Force Base, 1972).

Analyzes Air Force organizational and managemental aspects -

- of long—term service warranty contract provisions using an
Air Force contract for an aircraft gyroscope as a vehicle
for analysis. Two areas of analysis were warranty funding
and warranty data requirements.

29. Magnu s on-Mosa-Warran ty  Federa l Trade Commission Improvement
Act, Public Law 93— 6 37 ; 88 STAT . 2183.

Act provides minimum disclosure standards for written 
- -

- - consumer product warranties, defines minimum Federal con—
- tent standards for such warranties , and amends the Federal

- Trade Commission Act in order to improve its consumer
protect ion activities.

- 

- 30. “Managing Downstream Weapons Acquisition Costs—-Some Key
- Elements , ” Russell R . Shorey, Defense Management Journal,

-

~~~ 
- January 1976.

Discusses O&S cost visibility, O&S cost—related thresholds,
- 

- - design trades to minimize LCC, contract and other incentives
to reduce O&S costs, and logistics alternatives.

31. Methods of Acquiring and Maintaining 4ircraft Engines
(Washington , D . C . :  Logistics Management Inst i tute, 1972) .

1-’~
- Discusses a mathematical model constructed to compare

-~ military and commercial differences in practice that would
affect the use of warranties. The report recommends
against the use by DoD of aircraft engine warranties but —

encourages continued research and analysis into specific
— applications.
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32. (A) Mode l for Contract- Pricing for Use by Government Depots - -

in Conjunction with the Use of Government Depot Warrantie8 t i
in Multi-Year Contracting at Fixed Prices , Don E. Hunt , ‘flAGMC 74—013 11 (Ohio : Aerospace Guidance and Metrology
Center s Newark Air Force Station, 1974 ).

Examines the fundamental economic considerations of the
maintenance warranty concept embodied In fixed—pricing -

and mult i—year contracting . A model is developed that
Incorporates these concepts int o a government depot
maintenance warranty.

33. “ ( A )  Monte Carlo Risk Analysis of Life Cycle Cost Pred ic—
tion ,” Samuel B. Graves, Air Force Inst i tute of Technology
thesis (Ohio: Wright—Patterson Air Force Base, 1975).

Investigates the uncertainties involved in the prediction
and measurement of life—cycle costs. The logistics sup— Sportability incentives in the F— 16 contract are analyzed -

in light of the stochastic uncertainties of prediction
and measurement of logistics support costs. A Monte Carlo
simulation model is applied to determining appropriate -

contractor rewards or penalties. 
- -

34. “ ( A )  New Approach to Long Range Fixed Price Warranty Within
- 

. Operational Environments——Buyer/User,” Oscar Markowltz, - .

Annals  o f  R e l i a b i l i t y  and Ma in t a inab i l i t y  ( 1 9 7 1)  (New
York: Institute of Electrical and Electronics Engineers, .1

Inc . ,  197 1), pp. 2 52— 5 8. 
-~~

Discusses the Lear Siegler/Navy gyro contract from the
buyer— user viewpoint .

35. “ (An) Overview of RIW Procurement ,” Harold Balaban, paper
presented at Joint Logistics Commanders Conference , Airlie - -

House, Warrenton, Va., May 1975.

Presents guidance for structuring the warranty . Discusses
the warranty concept , RIW terms and conditions , and RIW
development .
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36. “(A) Practical Life Cycle Cost/Cost Ownership Type Procure—
ment Via Long Term/Multi-Year ‘Failure Free Warranty ’ (FFW)
Showing Trial Procurement Results,” James C. Harty, Annals

- - of  R e l i a b i l i t y  and Main ta inab i l i ty  (1 9 7 1)  (New York : Insti—
tue of Electrical and Electronics Engineers , Inc . ,  197 1),
pp. 241—51.

Discusses the Lear Siegler/Navy gyro contract from the
designer—supplier viewpoint . -

37. Proceedings of Failure Free Warranty Seminar (Philadelphia:
U .S.  Navy Aviation Supply Office , 1973) .

Reports on such FFW subject areas as: introduction to FFW,
contractual considerations , case studies, overhaul shop
practices, Navy 3M data , and analytical techniques.

38. P ro jec t  A CE- - Findings  and Act ion  Plans , Air Force Systems
Command (Andrews Air Force Base , Camp Springs , Md . ,  1973) .

Project ACE (Acquisition Cost Evaluation) studied opportuni-
ties for achieving drastic reductions in weapon system
acquisition and ownership costs. Findings relating to
reliabil i ty improvement and long—term warranties are
included.

39. R e l i a b i l i t y  Acquis i t ion Cost S t u d y ,  Salvatore P. Mercurio
and Clyde W. Skaggs, General Electric Company , RADC—TR—73-
33k (Griffiss Air Force Base, New York : Rome Air Develop-
ment Center, 1973).

Develops basic relationships capable of determining and
- - 

predicting the acquisition costs attributable to equip—
o ment reliability. Relationships were developed using data

from two manufacturers on ten equipments covering three
reliability elements.

40. “Reliabil i ty Augmentation Maintenance Program , Altimet er
Receivers—Transmitters (RAMPART)-Warranty Program,” James
J .  Larkin , Proceedings of  Quarter l y Mee t ing  of the Life

- 
— .

-
~~ Cycle  Cost Task Group o f  the Jo in t  Services  Data Exchange

f o r  I ne r t i a l  Sys t ems, San Diego, Calif., February 24—26 , 1976.

Uses vugraphs to discus s the depot overhaul of the APN—141
- F altimeter receiver—transmitter . Vugraphs cover the RIW

concept , benefi ts , advantages , disadvantages , cost—effect ive
design changes , rework procedures, changes in maintenance
concepts , and LCC savings.
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I
1~1. “Reliability Improvement Warranty : An Experimental Logis-

tics Support Concept,” Ronald A. Milnarchik, Proceedings
of the 14th Annual US Army Op erations Research Symposium,
Fort Lee, Va., November 1975.

Discusses what RIW is, how concept was developed, policy
that governs It, potential benefits, how it works, and
some examples of its use by the Services. Highlights of
the CONUS NAV Program RIW clause are discussed. An over—
view of RIW evaluation techniques is presented with
emphasis on cost effectiveness, reliability growth, risk,

I and suitability. RIW problems and solutions are
presented.

112. Reliabi l i ty  of Mi l i t a ry  Electronic Equipment , Advisory
Group on Reliability of Electronic Equipment (AGREE), Office

- of the Assistant Secretary of Defense (Research and Engi—
neering) (1957).

The landmark report on reliability of electronic equipment .

113. “Reliability Planning and Management (RPM),” J .  D . Selby
j and S. G. Miller, presented at American Society for Quality

Control Seminar, Niagara Falls, N.Y., September 1970.

Explains use of RPM, a management tool for bridging the gap
• between stated reliability requirements and implementation

planning.

I 44. “Reliability Tasks vs. Product Reliability,” David I. Troxel,
Proceedings 1989 Annual Sympos ium on Rel iabi l i ty, Chicago,
Ill., January 21—23, 1969 (New York: Institute of Electri—
cal and Electronics Engineers, Inc., 1969).

Analyzes various reliability tasks with regard to their
interrelationship and applicability to meeting requirements.

‘
S. 

,~

115 .  “Reliability: What Happens If...?,” Ervin P. Taylor, (
~
.

~ -~ Proceedings 1989 Annual Symposium on Rel iabi l i ty ,  Chicago,
Ill., January 21—23, 1969 (New York: Institute of Elec-
trical and Electronics Engineers, Inc., 1969).

~~ 
j Examines both the quantitative and qualitative approaches

to a reliability program. Quantitative $Iisciplines include
I prediction, risk analysis, and measurement. Qualitative

-

~~~~ 
I disciplines include design review, FMECA , parts—material
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I.:
review, specifications and standards, failure evaluation,
configuration control, maintenance programs, and integrated

L~ 
test programs.

116. “Source Selection and Contracting Approach to LCC Manage-
ment,” J. W. Stansberry, Defense Management Journal,
January 1976.

F Discusses RIWs briefly along with LCC and source
selection .

‘-

147 “Study of Warranted Items,” Robert E. Black, Jr., Manage—
ment & Intern Project, Defense Supply Agency, Defense
Contract Administration Services, September 1972.

Reports on a general study of’ warranties in government
contracts. Covers procurement regulations and warranty
knowledge, identification processing, and administration.

148. Techniques for Se lecting and Analyzing Reliability Improve-
ment Warranties, Joseph A. Bizup and Randall R. Moore,
R—7505 (Washington, D.C.: Naval Weapons Engineering &
Support Activity , 1975).

Presents selection criteria for RIW candidates. Techniques
for risk and economic analysis are developed. Three con-
tracts are analyzed in detail with respect to RIW impact
on item procurement and management. The cost—effectiveness
of two contracts is discussed to indicate areas of’ probable

I life—cycle—cost savings.

• 1$9. (The ) Use of Warranties for Defense Avionics Procurement,
H. Balaban and B. Retterer, ARINC Research Corporation,
RADC—TR— 2148 (Griffiss Air Force Base, New York: Rome Air

F Development Center, 1973).

Investigates potential benefit of’ using warranty agreements

~ 
-~~ 

as part of military avionics procurements. Interviews were
f conducted with warranty users, and a life—cycle cost model

was formulated. The major conclusion is that a properly
constituted and applied warranty can yield significant
reliability and life—cycle—cost benefits and that broader

4 use of warranties is advisable.
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50. “Warranties as a Life Cycle Cost Management Tool,” C. R.
Knight , Defense Management Journal, January 1976.

Discusses LCC management, basic limitations In achieving
reliability of the government customer, the burden on the
manufacturer, the responsibility for total cost, the
limitations of warranties, and the associated risk of
warranties.

51. “Warranties as a Life—Cycle—Cost Management Tool,” C. R.
Knight, EASCON ‘74 Record (New York: Institute of Elec—
trical and Electronics Engineers, Inc., 19711).

Discusses use of warranties to control life—cycle costs of
military equipments as an alternative to standard procure-
ment approaches.

52. “Warranties: DoD Initiates Trial of Reliability Improve-
ment Warranties In Buying Electronic Equipment,” Federa l
Contracts Report , November 10, 19714 (Washington, D.C.:
The Bureau of National Affairs).

Discusses OSD memorandum that provides guidelines for new
RIW to be applied in electronics field.

53. Warranties for Military Avionics Procurement, R. E. Adel,
(Hawthorne, Calif.: Northrop Electronics, 1975).

Presents history of warranties and discussion of commercial
airline experience. Discusses limited applications to
military programs and provisioning details of RIWs.

511. “Warranties Under Government Contracts,” J. G. Twomey,
Insurance Law Journal, August 1970, pp. k61e~7l.

Discusses the need for articulation of a warranty policy
on government contracts that would provide the government

.f the protection it needs and can afford, and that would
provide uniform fair treatment for its contractors, sub—
contractors , and suppliers. 

-
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55. “Warranty Cost Estimates for Avionic Subsystems,” P. 0.
Nerber, Proceedings 1989 Annual Symposium on Reliability,
Chicago, Ill., January 21—23, 1969 (New York: Institute
of Electrical and Electronics Engineers, Inc., 1969).

Presents a general and analytical technique for estimating
the failure and cost exposures associated with a warranty
commitment on avionic systems.

56. “Warranty Guarantee and Contractor Exposure to Cost
Penalties,” Robert McGinns, Proceedings of Quarterly Meet-
ing of the Life Cycle Cost Task Group of the Joint Services
Data Exchange for Inertial Systems, San Diego, Calif.,
February 211—26, 1976.

Discusses the types of cost penalties, adjustments, and
other considerations that were identified after review and
analysis of a specific RIW contract. Includes for each
specific type of consideration, the amount of contractor
risk or exposure to cost penalties, a parametric analysis,
and identification of critical areas for management
attention.

~ 
- 1  57. “Warranty Procurement——A Case History ,” Harold S. Balaban

and Frederick J. Nohmer, Proceedings of the 1975 Annual
Reliability and Maintainability Symposium, Washington, D.C.,
January 1975 (New York: Institute of’ Electrical and
Electronics Engineers, Inc., 1975).

Gives a case history of the development of a complete
warranty provision for the Air Force ARN—ll8 TACAN.

58. World A irline Supp liers Guide (Washington, D.C.: Air
, 

-

‘ Transport Association of America).

Covers commercial airline warranties (chapter 10).

f .

F F-13

.~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


