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ABSTRACT

The potential benefit of using warranty agreements as part of military
avionics procurements was investigated. Interviews were conducted with air-
lines, vendors, and military agencies that had made use of warranties. A
life~cycle cost model was formulated to permit comparisons between warranty
and no-warranty procurements. The model makes it possible to compute the
optimum warranty time period and the break-even cost to identify the mini-
mum additional funds that may be spent on warranty coverage.

The major conclusion of the investigation is that a properly constituted
and applied warranty can yield significant reliability and life-cycle cost
benefits and that broader use of warranties is advisable.
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SUMMARY

1. INTRODUCTION

The objective of the four-month study reported on herein was to investi-
gate the potential benefits of using reliability-related warranty agreements
as part of military avionics procurements. The approach taken was to inter-
view airline and military activities and their suppliers who have made use
of warranties in the past. The survey included six airlines, six vendors,
and seven military agencies. The objectives of the interviews were twofold.
First, it was desired to assemble information concerning the collective ex-
perience of the interviewees with warranties to determine if expanded mili-
tary use should be considered. The second objective was to determine if
sufficient data existed to establish a subsequent in-depth (Phase II) eco-
nomic analysis of warranty use.

A life-cycle cost model was formulated that permits cost comparisons
between warranty and no-warranty procirements. The model makes i+ possible
to compute the optimum warranty time period and a break-even or "indiffererce"
cost to identify the maximum additional funds that may be spent on warranties.

2. CONCLUSIONS

The major conclusion reached is that a properly constituted and applied
warranty can yield significant reliability and life-cycle cost benefits and
that broader use of warranties is advisable. Additional conclusions result-
ing from the study are summarized below (see Section VI for detailed dis-
cussion).

2.1 Warranty Use

Airlines make extensive use of warranty not only for avionics procure-
ment but for a wide range of other commodities.

2.2 Reliability Incentive

There is no certain answer to the question of how much reliability
incentive warranties provide for airline avionics. Most vendors feel that
there is definitely an incentive, but it is difficult to separate it from
the incentive produced by competition.

2.3 Reliability Growth

Since the military supplier will suffer expense for failure of warranted
uri+~ ;e ig deeply interested in introducing design/production changen th-
will increase the MTBF and will do so if the cost of such introduction 1is
lower ~Lan the savings in warranty-repair costs.

Preceding page blank



2.4 Maintainability Incentive and Growth

The maintainability characteristics of the equipment will benefit from
a warranty provision for the same reasons that warranty yields reliability
benefits.

2.5 Minimal Initial-Support Inves‘ment

1f the supplier is to provide repair services over the warranty period,
savings in repair facilities and equipment, handbooks, training, and spare
parts inventory will accrue.

2.6 Life-Cycle Cost Control

With a warranty provision that applies over a significant time period
and with options for renewal, the military user can be much more confident
in controlling costs for a significant number of life-cycle cost elements.

2.7 Contractor Benefits

If warranties bionefitted only the user, there would be little likeli-
hood of their acceptance by manufacturers. 1In pricing the warranty-cost
increment, the contractor estimates all costs associated with the warranty
clause, and to these he adds his normal profit factor, perhaps aigmented
by a risk factor dependent on the length of the warranty period. 1If the
product exhibits better R/M than anticipated, contractor profits are in-
creased. In addition, a warranty provision offers the contractor a long-
term, stabilized work flow plus the opportunity to acquire in-depth know-
ledge of his product's performance in the use environment.

2.8 Economic and Military Manpower Impact

If warranties are applied on a large scale, a significant portion of
the dollar expenditure for equipment maintenance will transfer directly to
the civilian economy. In the same vein, extensive warranty use will tend
to reduce greatly the requirements for military mainlienance personnel.
With ti..e recent elimination of the draft, an approach that reduces the
need for skilled military personnel offers attractive possibiliti~s.

2.9 Design to Cost

It is believed that a warranty provision not only complements "design
to cost"” but provides, finally, a strcna rationale for the low-bidder ap-
proach to source selection, since the purchase price plus th3 warranty in-
crement would actually represent a significant portion ¢ lifa-cycle costs
over the warranty period.

2.10 Warranty Application

To achieve a more workable warranty, it is important that the agree-
ment be established with as few exclusions as possible.

vi
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2.11 Warranty Cost

It is clear that the warranty provision costs the contractor additicnal
funds, which are generally added to the initial purchase price. These costs
typically may range from 4 to 10 percent of the initial acquisition price
per year of coverage.

2.12 Warranty Acceptance

Military-equipment contractors will generally be willing to respond to
procurements containing warranty provisions. However, they all stressed the
importance of clearly specifying the use environment. Most contractors
would be reluctant to permit military maintenance organizations to accom-
plish warranty repair for which the contractors are liable for reimbursement.

2.13 Warranty Application Problems

There are possible special considerations, problems, and disadvantages
associated with warranty clauses in military procurement of avionic equip-
ment. Highlights are presented below.

’.

2.13.1 Disputes

Urnless a warranty provision is very broad in coverage, the vendor may
honestly believe that a warranty claim is not valid, and a possible dispute
results. This situation will occur most frequently when the equipment fails
because it is exposed to environmental stresses chat exceed anticipated
levels. User damage caused by mishandiing, damage in transit, and questions
involving warranty termination may also lead to disputes.

2.13.2 Warranty Administration

There is no question that administration of a contract with warranty
provisions introduces additional administrative problems if for no other
reason than that it represents a departure from current practice. Although
shipping a warranted unit back to the vendor for repair should not involve
any greater procedural difficulty than shipping a non-warzanted unit back
to a depot for repair, some special administrative actions will be required.

2.13.3 Warranty Procurement

Procurement with a warranty provision introduces complexities not nor-
mally encountered. A fixed price is being paid for future guaranteed ser=
vices. This creates problems in funding, in legal questions, and in assess-
ing the realism of the price and the value of the warranty.

2.13.4 Unverified Failures

The rate of unverified failures is quite large, both in military : -7
cammercial applications. The handling, shipping, and tzs. costs that will
be incurred by the military for such unverified failures sent back to the
contractor can be significant.

vii
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2.13.5 Pipeline Time

An often expressed concern of contractor repair with warranty is the
greater pipeline time such procedures will entaii. Wwhen unit repair can
be performed at the flight-line or organizational level, this may be true.
However, for depot repair, we see no particular reason for any appreciable
difference in pipeline times; and in some cases contractor repair can pro-

vide significant reductions. To reduce pipeline time, several contractucl
and procedural policies can be adopted.

2.13.6 Reduced Military Self-Sufficiency

There is no question that the military will suffer reduced self-

sufficiency over the warranty period when contractor repair is the usua.
warranty procedure.

2.13.7 Data Pequirements

Some of the current warranty programs in the military require fairly
extensive data reporting and analysis procedures. This was part’v due tc
the experimental pioneering nature of the long-term warranty prc .sion that

was involved. To meet data needs, service data products were augmented by
contractor-supplied data and analysis.

2.13.8 Effects on Small Contractors

We believe that theze is some element of truth to the statement that
a long-term warranty provision may present possible risks to a small con-
tractor that would discourage his entering the procurement competition.

However, airline experience indicates that this effect is not of major
significance.

2.13.9 Compliance Assurance

Employment of performance bonds to assure warranty compliance is con-
sidered contrary to the spirit of the basic ob'!ective of warranties -- i.e.,
to couple vendors to the reliability growth process. i

3. RECC*{MENDATIONS

A number of recommendations are offered in regard to the tuture use of
warranties for military avionics procurement. These are discussed below.

3.1 Warranty Application

B TN B G O S

The expanded use of failure-free type warranty is recommended since it
is the type most easilv administered and is most compatible with existing
supply and maintenance administration systems. MTBF, MTBUR, and cost-type

guarantees shall be considered only if improvements can be made in current
data and record-keeping procedures.

Warranty provisions should be applied only to fixed-price production
and maintenance contracts.
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3.2 Application Criteria

Criteria for selecting equipments that would be candida’es for war-
ranty coverage are enumerated as follows:

* The unit should be field-testable.
* Moderate to high initial support cost should be required.

* fThe unit should be readily transportable to permit returning to
the vendor's plant.

* fThe unit should be generally self-contained and not highly depen-
dent on outside units to perform major functions.

* The equipment maintenance concept and reliability characteristics
should permit achieving readiness requirements in an economic manner.

* Specific knowledge concerning the unit application in terms of
expected operating time and the use environment is necessary.

* The product must be sufficiently developed that reasonable esti-
matcs of the expected reliability and maintainability may be made.

3.3 Wwarranty Provisions

Warranty provisions for avionic systems should continue to exclude
consequential damages. Warrarty plans should be formulated to provide the
fewest exclusions possible.

Urless the unit has a very low MTBF and high-cost transportation
problems, it is best to havs the vendor perform the repair at his plant.
For the very-low-MTBF, complex units that would cause iifficulty in ship-
ment, vendors possibly can have personnel located at major Air Force
centers.

Future warranty agreements should place constraints on the turnaround
time the vendor must achieve on units returned for warranty repairs. The
use of a consignment-spare penalty is suggested since such an arrangement
will maintain adequate systems support to offset spares unavailability due
to lagging turnaround time.

For warranty returns, the vendor should pay for shipping back to the
user. Negotiations on who pays transportation charges to the vendor should
.be conducted for each application.

As a very general rule of thumb, the warranty period for a failure-
free type warranty should be at least three years for new units. Howeve:
this figure may actually be increased or decreased if a detailed warra-ty
cost analysis is performed to show that the optimum period is some other
wvalue. For older, proven systems, it is possible that this warranty period
of three years may be reduced. Unless there is a great possibility »f - arja-
tion in operating hours, it is suggested that the warranty yeriod be b
on calendar time.
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If the production run is not too extensive (one year), it is probably
best to use a single warranty start time, such as an average production
delivery date. Therefore, a single warranty end-date will be in force,
rather than different warranty end-times for the units.

3.4 Warranty Procurement

On research and development projects, the government should state its
intentions of incorporating warranty provisions in the production rontract.
In this manner, the developing activity will design the product with the
thought of warranty profit through good R&M characteristics.

A cost analysis should be performed for each proposed warranty applica-
tion. Such an analysis investigates the relative cost in warranty and non-
warranty situations and examines the cost of varying warranty time periods.

Warranty ccsts should be priced separately so that appropriate warranty
and life-cycle cost analyses can be performed. This will also permit an
evaluation of a design-to-cost requirement.

In the procurement contract with warranty, options should be provided
for warranty renewal. However, it is probably best to leave the terms of

such renewal open for negotiations based on the results of the initial war-
ranty period.

3.5 Warranty Development

A warranty administration quideline should be developed to provide
instructions to procurement, supply, and maintenance personnel with stand-
ard procedures and gquidelines for securing and administering warranty con-
tracts. A further part of this effort would be the formation o1 a set of
standard termns and definitions applicable to the various warranty plans.

Efforts should be made to standardize the marking of warranty items
and packaging containers.

A training program should be considered for key procurement, supply,
and maintenance personnel relative to the use of warranty procurements and
administration.

Additicnal emphasis should be placed on the ability to provide in the
field unambiguous go/no-go testing for warranty-covered items (non-warranty
items would materially benefit from such an effort as well).

Service data systems and data-analysis products should be reviewed to
determine lhow they can be modified to provide data products to support war-
ranty administration. As an interim measure, warranty contracts should
continue to require contractor-supplied data products to describe equip-
ment performance.




DoD should promulgate a policy statement encouraging the expanded use
of warranties. Final clarification should be provided in regard to warranty
funding. The recommended course of action 1s that initial production systems
be funded with production monies, but that warranties on subsequent replen-
ishment buys and warranty renewals be ‘unded with OsM funds.

A study should be initiated to review the current R&M production test-
1ing and documenta‘*ion requirements when warranty provisions are in effect.

3.6 Future Study

This report constituted the completion of the Phase I effort directed
toward an initial review of warranty usage in the airline community and in
the military. As part of this cifort, it was established that it is possi-
ble to determine the value of warranty on an economic basis. Chapter V of
this report presents an 1initial effort towards evaluation of the costs as-
cociated with the failure-free type warranty plan. Although Phase I was a
linited effort, it was found that some data are available to support
this type of analysis. It 1s thus concluded that a Phase II effort would
be of value in providing a more in-depth analysis of alternate warranty
plans, includirg a validation through the application of the modeis to
selected equipment development programs.
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SECTION I
INTRODUCTION

Support of today's military avionic systems is beset with the problem
of rising costs in the face of budget constraints. There is an urgent need
to reduce support costs to levels that are consistent with funding limita-
tions. One of the majcr factors associated with support cost is system
reliability. It is apparent that the more frequently an item fails, the
greater the need for labor and materials. Thus efforts to improve system
reliability will yield the twofold benefit of reducing support cost and im-
Froving system availability.

Past efforts to improve system reliability have been directed toward
comprehensive reliability programs requiring parts screening, predictions,
and demonstration tests. These efforts have been partly successful, but
they have not produced the desired result.

It has been reported that the airlines are achieving better reliability
than the military in several selected areas, using avionics similar to mili-
tary systems and in related environments.! A review of their procurement
practices shows that the airlines buy off-the-shelf systems in a competitive
market. In addition, most systems are purchased with one or more warranty
provisions that provide protection against system failures. Although it has
not been clearly established how warranties contribute to improved avionics
reliability, it was considered worthwhile to investigate further the use of
warranties and their attendant benefits. This study was therefore under-
taken to gain further insight into the contribution of warranties in avionics
procurement.

The study is to be accomplished in two phases. Phase I, reported on
herein, was directed toward determining the opinions of selected airlines
and their vendors on the value of their warranty provisions and establishin
whether data were available to provide a quantitative base for the airline
position. Although this initial effort was primarily qualitative, an effort
was made to acquire such supporting data. Several suppliers of military
avionics were also interviewed. The results of these interviews were ana-
lyzed, together with the data acquired, (1) to make a preliminary appraisal
of the use of warranties for military avionics and (2) to establish the
existence of more detailed data. A cost model reflecting warranty parameters
was developed for use as an aid in the decision process regarding use of
warranties.

If it is concluded from a review of the Phase I study results that war-
ranties are beneficial and data are available, a Phase II study will be
initiated to investigate the situation in greater depth. Specifically,
this study will seek to quantify the qualitative conclusions resulting from

1p. Klass, Aviation Week and Space Technology, 13 February 1967.



Phase I, i.e., provide quantitative answers to the basic questions posed.
These answers will constitute the basis for a DoD policy on the use of war-
ranties for the purchase of avionic systems.

This report presents the results of the Phage I interviews, together
recommendations regarding use of warranties for military avionics.

with




SECTICN II
IMPACT OF WARRANTIES ON LIFE-CYCLE cosT

2.1 DEFINITIONS

The use of warranties has its roots in the commercial sector, for which
the Uniform Sales Act is the source of warranty law principles. This act was
drafted by the Commissioners of Uniform Law in 1906; since that time, a ma-
jority of the states have adopted it. Section 12 of this act defines an
expressed warranty as "any affirmation of fact or any promise by the seller
relating to the goods ... if the natural tendency of such an affirmation or
promise is to induce the buyer to purchase the goods ... and if the buyer pur-
chases the goods relying thereon." The major concern of this study is this area
of expressed warranty. However, Section 14 of the act defines implied war-
ranties and states in part: "where there is a contract to sell or a sale
of goods by description, there is an implied warranty that the goods shall
correspond with the description ... ."

The Uniform Sales Act has gradually been superseded by a Uniform Com-
mercial Code (UCC). Since a 1963 decision (Noonan Construction Co. - ASBCA
No. 8320) the Uniform Commercial Code has been applied in the interpretation
of Government contracts on the basis that the UCC reflects the best in modern
legal decision and discussion.

Questions frequently arise over the difference between warranty and
guaranty. Black's Law Dictionary states:

"Guaranty and warranty are derived from the same root, and are in
fact etymologically the same word, the g of the Norman French being
interchangeable with the English w. They are often used colloquially
and in commercial transactions as having the same signification, as
where a piece of machinery or the produce of an estate is "quarantied"
for a term of years, "warranted" being the more appropriate term in
such a case. Accumulator Co. v. Dubuque St. R. Co., Iowa, 64F, 70,
12 C.C.A. 37; Martinex v. Ernshaw, 36 Wkly. Notes Cas., Pa., 502.

A distinction is also sometimes made in commercial usage by which
the term "quaranty" is understood as a collateral warrancy (often

a conditicnal one) against some default or event in the future,
while the term "warranty" is taken as meaning an absclute under-
taking in proesenti, against the defect, or for the quantity or
quality contemplated by the parties in the subject=-matter of the
contract. Sturges v. Bank of Circleville, 11 Ohio St. 169, 78 Am.
Dec. 296. But in strict legal usage the two terms are widely dis-
tinguished in this -- that a warranty is an absolute undertaking or
liability on the part of the warrantor, and the contract is void
unless it is strictly and literally performed, while a guaranty is
a promisie, entirely collateral to the original contract, and not
imposinj any primary liability on the guarantor, but binding him to
be answerable for the failure or default of another. Masons' Union
L. Ins. Ass'n v. Brockman, 20 Ind. App. 206, 56 N.E. 493."




In view of the last point, warranty is the topic to be addressed in
this discussion.

2.2 LIFE-CYCLE-COST IMPLICATIONS

Under the current policy for procuring military avionic systems, the
producer's liability essentially ends with the delivery and acceptance of
equipment. Cne possible approach to extend the producer's responsibility
for the operational reliability of the delivered equipment is to incorporate
warranty agieements in the procurement contract. For some time, the air-
lines have been using warranty provisions of nume:rous types in an effort to
reduce their reliability risk and to spur competition for reliability im-
provement. The continued use of these provisiona gives some evidence of
their value and indicates acceptance by equipment suppliers.

It is desirable to explore some of the aspects of equipment develop-
ment and deployment. It is generally well established that an equipment
undergoes a reliability growth process from the time of its initial design
until it finally reaches a state~ of maturity in the field deployment.
Figure 1 illuscrates two typical curves prepared from data obtained in a
recent development program. Since such growth is a natural characteristic
of equipment development, it is believed that warranty applications keep
the vendor involved during this growth period to accelerate the rate of
growth and to minimize the cost necessary to achieve it.

It should also be emphasized that higher MTBF can produce major cost
reductions when viewed frim the standpoint of life-cycle cost. Figure 2
depicts a case study performed several years ago for Navy transmitter equip-
ment.? It will be observed that the life-cycle cost drops off markedly with
increased MTBF and then gradually rises again as excessive demands are made
on reliability development. Needless to say, most of today's equipment falls
on the low side of the MTBF scale. Thus it is observed that although warran-
ties may increase the initial purchase price of the equipment, they can in-
deed achieve higher reliability levels, and their cost can certainly be re-
covered in terms of the life-cycle cost of the equipment.

A final point to be made is that today's procurement practice, with
the emphasis on low initial purchase price, causes vendors to supply the
lowest reliability that will pass the procurement acceptance requirements.
The vendor is economically driven to this position, his maximum profit being
derived from such strategy. Profitability is based on total potential sales,
including not only the initial purchase but follow-on spares, support equip-
ment, and technical data. Several investigators have developed curves show-
ing the relatiosnship between the profitability and MTBF; they are generally
of the form of the solid curve shown in Figure 3.} Ideally, the prof’t curve

N3, Scarlett, Reliability Trade-offs during Concept Formulation -- Proceed-
ings, Annual Reliability & Maintainability Symposium, 1968.

3Loqistics Management Institute, Methods of Acquiring and Maintaining Air-
craft Engines, Task 71-9, Washington, D.C., June 1972.
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should be similar to the one sketched in, in which the contractor receives

greater financial reward for improved reliability.

paid for by reduced life-cycle cost of the supported product.

These rewards can be
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From a theoretical viewpoint the warranty concept appears logical. The
purpose of the study was to review the practical application of warranties
by both the airlines and the military so that better insight could be gained
regarding their true utility.

2.3 FAILURE-FREE WARRANTY AND OTHER TERMTNOLOGY

Unfortunately, warranty terminology is often confusing and has not
reached any level of standardization. The term failure-fre2 warranty is now
commonly used in the military but cannot be considered an accurate descriptor
of the basic warranty provisions involved or of the real intent. For this
type of warranty, the contractor normally assumes responsibility for repair-
ing warranted units that fail, the warranty period extending over a long
period (minimum 1 year, typically 3 to § years). The extended period is re-
quired so that the contractor will have the profit/loss incentive involved
with warranty-repair to invest the money required to improve reliability.
Contract provisions are generally provided to minimize procurement and
administrative complexities involved witn introducing engineering changes
for reliability improvement and to ensure that data feedback is provided by
both parties.

Other terms that have been used to reflect basically the same type of
warranty provision include standard warranty, product warranty, long-term
service warranty, cuntractor maintenance warranty, and full-life warranty.
Some fault can be found with the descriptiveness of each of these terms.
Because failure-free warranty is most often used, we have chosen to continue
using that term. At the risk of further complicating the terminology pic-
ture, we suggest considering the temm reliability warranty, which, while not
describing the warranty provisions involved, at least focuses on the major
equipment characteristic of interest.




SECTION III
AIRLINE WARRANTY PRACTICE

3.1 THE AIRLINE PROCUREMENT ENVIRONMENT

It is aprropriate tn rcview the general environment under which airlines
Procure avicnic equipmen. because of ‘he influence such environment exerts

on warranty practices. Where pertinent, contrasting military procurement
procedures are noted.

It is clear that the major gyoal cf an airline is to realize a satis-
factory profit. It is also clear that to meet this goal avionic equipment
must perform saticsfactorily, have a low total life-cycle cost, and not
jeopardize safety. If the term "military value" is substituted for "profit",

this set of criteria for evaluating equipment is also quite applicable to
the military.

A decisive element in airline avionic procurement practice is the AEEC
(Airlines Electronic Engineering Committee). The AEEC, a standing committee
of the Airlines Communications Administrative Council (ALCAC), is composed
of 14 U.S. airline technical representatives, one representative from Canadian
airlines, six from the European Airlines Electronics Committee, and one from
general aviation. The committee has ten advisory members: ARINC (four);
International Air Transport Association (one); Air Force (two); and the Air
Transport Association of America (two). The committee is chaired by a
representative of ARINC.

The primary function of the AEEC is to formulate form-fit-function types
of standards for electronic equipment and systems. These standards are
finalized through discussions between the airlines and potential manufac-
turers before the so-called ARINC Characteristics are published. The stand-
ards do not precisely define the contents of the "black box" but describe
the signals that enter and leave the box and the electrical, mechanical, and
envirorrental interfaces.

ARINC Characteristics produce the standardization that will assure the
interchangeability in an aircraft of equipment produced by various manufac-
turers. The airline industry considers equipment interchangeability to be
the greatest advantage offered by the development of ARINC Characteristics,
for only through such standardization can a "buyer's market" for the airlines
be achieved.




An ARINC Characteristic thus has a twofold purpose:~

{1) To indicate to prospective manufacturers of airline electronic
equipment. the opinion of the airline technical people, coordinated
on an industry basis, concerning requisites of new equipment.

(2) To channel new equipment designs in a direction that can produce
maximum possible standardization of physical and electrical char-
acteristics without seriously hampering engineering initiative.

The AEEC has no authority. After a specification is issued, individual
airlines can use it or not as they choose, and basically it is not a "pro-
curement" specification in the military sense. The AEEC has learned over the
years that this very lack of authority necessitates specifications that are
soundly based on technical and economic frsts; the alternative is, in effect,
no standard at all. By and large, this process has been quite successful.

Once an ARINC Characteristic -- or specification -- has been issued,
suppliers that have equipment meeting the requirements must obtain FAA
certification. The FAA certification requirements, called Technical Standard
Orders (TSO), are the equivalent of a military qualification test.

A unique aspect of these specification activities is that details of
construction, cost, or reliability are never explicitly spelled out. These
matters are left to be determined through contracting in a competitive
market, but they are an important consideration during the preparation of
the ARINC Characteristic. Major emphasis ir. the Characteristic, or speci-
fication, is placed, through the form-fit-function approach, on assuring
that freedom of competition is preserved.

One good example of the value of interchangeability was a unique agree-
ment under which one large airline purchased a radar system. If a specified
MTBF value was not achieved within a specified time period, the airline had
the option of returning all sets to the manufacturer, who would reimburse
the airline for the purchase price. The airline observed that this agree-
ment yielded one of he most successful programs for meeting prescribed
reliability requirements.

The AEEC approach to avionic equipment specification and the simple
fact that airline technical people "talk to each other" produces a very
competitive situation. The single factor most often referenced by the many
airline and verdor representatives interviewed by ARINC Research 1is the
importance of manufacturer reputation and integrity.

“More detailed technical description of ARINC Characteristics is presented
in the report, A Comparative Analysis of P3C Avionics Specifications and
Similar Commercial Avionic Specifications, W. Gahres, ARINC Research
Corporation, Contract N00019-72-C-0486 (Naval Air Systems Command -- PMA),
Ma:ch 1973,




The airline market is a continuing one, and poor reliability of a

vendor's product in one airline becomes known quickly to other airlines.

The interchangeability of equipmert assured by the sfecification of ARINC

Characteristics obviates the nece:sity of "freeziny in" design or relia-
bility inadequacies.

There is also close communication between the airline and the vendor.
Problems in performance, reliability, and supporf. are quickly brought to the
vendor's attention and, because of the competitive aspects (and, to be sure,
because of the warranty provisions that usually exist), are generally acted
upon in a positive manner. The engineering staffs of the larger airlines
may even do some developmental work and recommend engineering changes to the
vendors to reduce downtime. Because of competition and warranty provisions,
vendors may then provide no-cost modification kits.

This ccmpetitive process is ir sh
ment situation, in which once a develo
essentially frozen and reliability com

arp contrast to the military procure-
pment is completed the design is
petition practically ceases.

For military development contract
[ regard to production, the military has usually been obliged to sontract
with the original d2veloper. Only when an equipment has been in the inven-
[ tory for a long period will there be any likelihood of competition on pro-
duction contracts. Airlines often utilize the new technology developed and
proven by the military, so that a large percentage of avionic purchases

involve essentially off-the-shelf equipment that a number of firms are
capable of producing.

S, competition certainly exists. With

Finally, it appears to be universal that all airline equipment procure-
ments have associated warranty provisions. Although some airline represen-
tatives (and more vendor representatives) have expressed feelings that
warranty provisions have become too extensive, the trend has been to an

increased scope in warranty provisions. Later subsections will present
further details.

Table I summarizes the major elements of the airline avionic procure-

ment environment and compares them with corresponding military practices.

3.2 AIRLINE USE ENVIRONMENT AND RELIABILITY COMPARISONS

The environmental levels and variations in the use environment are
important factors to consider in developing appropriate reliubility and
associated warranty provisions. Airline avionic equipment opcerates in a
relatively benign environment when compared with some extremas encountered
in military usage. The competence and certainly the continuity of airline
maintenance personnel are better than the military's.

On the other hand, average daily flying times of 10 hours or more for
airline aircraft are not unusual, as compared with military averages that
can be as low as 1 to 2 hours per day for fighter aircraft. This wide

difference in usage is especially important when warranty periods are baced
on calendar time rather than operate time.




AVIONICS

TABLE I

A COMPARISON OF

PROCUREMENT BY AIRLINES AND MILITARY SERVICES

Procurement
Element

Alrlines

Military Services

i Technological
Environment

Specification
Development

Specification
Format

Specification
Use

Testing

Contracts

warranties

Competition

Information
Feedback

logistics

Current technology satis-
factory

Done in open forum by AEEC,
a group of users and manu-
facturers

Form-Fit-Function -- cther
characteristics not speci-
€ied

Individual users may or may

not employ specification
(voluntary)

Only through Tech. Standard
Orders (TSO)

Simple -- minimal paper
work

Aidely used

Exists at all times

Rapid, credible -- affects
subsequent procurements

Standardization only to
Form-Fit-Function

Need to push the state-
of-the-art in some areas

More one-sided -- limited
give-and-take s2ssions

Rigorous requirements on
all characteristics (also,
assurance procedures)

Must be employed
(mandatory)

Rigorous acceptance tests

Complex -- mountains of
paper work

Seldom used

Essentially ceases to
exist after contract
award

Not credible -- seldom a
factor in reprocurement

Standardization within
black boxes -- minimizes
number of types of spare
parts
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It sould be noted that differences in observed reliability do exist
among the airlines. One source reported a 7-to-1 difference in MTBFs for
identical solii-state glide-slope receivers.’ These types of disparities
were confirmed by several airline and vendor personnel interviewed.

There are also differences attributable to aircraft type. One vendor
claimed that because of cooling problems on one type of plane, the MTBF of
his equipment was approximately half that of ide:..ical equipment aboard a
comparable plane.

Despite known differences in airline operating environments and mainte-
nance capabilities, vendors generally provide the same type of warranty to
all custoters and hope for a reasonable "averaging out" process. If one
airline is experiencing abnormally high failure rates, a vendor will often
provide on-site maintenance training and support to reduce this warranty
cost.

Some data are summarized herz to compare airline and military relia-
bility for comparable avionic ecuipment and aircraft environ:ent. For the
military, data on the P-3C air.raft (similar to the Lockheed Electra) and
the large reconnaissance ar? -ransport aircraft were used. For the airlines,
the data apply to the cur.cnt aircraft such as the Boeing 707, 747, DC-8,
and DC-10. An attempt has been made to select equipments that are compa-
rable in complexity at least to the exient that large differences in MTBF
could not be attributed primarily to design and functional features.

The data are presented in Table II. It is immediately observable that
airline avionics MTBF is significantly better than that of corresponding
military equipment. The MTBF ratio of airlines to military ranges from

approximately 1.5 to 1 to greater than 10 to 1.° These data support a widely

held opinion that military avionics reliability is generally not as good
as that encountered in comparable airline equipment and usage.

For the last three equipment classes in Talble 1I, the comparisons are
between essentially identical units. Excluding the DFA-70 receiver, the
ratios of alrline MTBF to military MTBF are 1.7:1, 1.8:1, ané 3.3:1, which
are comparatively much better than the ratios observed when the military is
not using off-the-shelf commercial equipment. No explanation can be given
at this time for the 8.4:1 ratio of the DFA-70 unit.

S“New Data Yield Clues to Reliability", P. Klass, Aviation Week, 13 February
1967.

SNote that the greater than 10-to-l1 ratio pertains to a compa-ison of a

LORAN-A to a LORAN-C. The greater functional complexity of LORAN-C wou d
account “or some significant M1BF differences.
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TABLE 11

LOME COMPAKISUNS BETWEEN AIRLINE AND MILITARY AVIONICS RELIABILITY

Operating(0)
€
Equipment {ource Number of | Number of
L (M = pilitary) or Flying(F) Removals | Fajlures Lk TR
Hours
Weather Radar
RDR-1F Airline A 438,480(0) 1,307 390 338 1,124
RDR-1F Aicline C NA (F) NA NA 555 1,157
AVQ-30 Airline B 186,810(0) 561 NA 333 €66*
AN/APS-115 P3C (M) 19,450(0) 295 149 66 130
Inertial Navigation
Caiousel Airline B 326,5C0(0) 925 NA 353 706*
LTN-51 Airline Composite 360,720(0) NA 361 450+ 999
AN-ASN-84 PIC (M) 35,900(0) 442 186 81 192
LORAN (A & C)
345 & 700(A) Airline B 182,460(0) 568 NA 322 644"
AN/APN-151(C) | R"-135(M) 9,600(0) NA 94 51* 102
AN/APN-157(C) | €-141/HC-130H (M) 164,400(0) NA 3,823 22+ 43
HF Communications
618 T-2 Airline B 228,400(0) 555 NA 412 824+
ARC-142 P3C (M) 28,520(0) 608 160 47 178
UHF/VHF Communications
RTA-41A Airline B 326,530(0) 591 NA 552 1,104*
ARC-143 P3C 37,430(0) 468 115 8C 325
Automatic Directioi Finder (Receiver)
DFA-70 Airline Composite 647,270(F) 643 359 1,006 1,802
DFA-70 RC=135/AC~135(M) 30,150(F) NA 141 107* 214
DFA-73 Airline Composite 38,500(F) 41 26 939 1,480
DFA-73 C-141/HC-130(M) 1,100,000 (F) NA 1,240 444* 887
Marker Beacon (Receiver)
512-4 Airline Composite 570,300(F) 180 114 3,168 5,000
512-4 C-141(M) 506,670 (F) NA 184 1,376* | 2,753
VOR Localizer (Receiver)
WIL 806A Airline Composite NA (F) NA NA €70 |1,000
WIL BO6A C=-141(M) 506, 670(F) NA 1,654 153+ 306

*Data not availabla.

For gross comparison, estimate based on MTBF = 2 X MTBR.
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The observed differences may be due to one or more of the following
causes: procurement practices, operational environment, maintenance environ-
ment, equipmant design and complexity, and reporting procedures. While it
is not possible to quantify the degree to which these factors affect observed
MTBF, the extensive airline use of warranty provisions in their avionics
pProcurement contracts would certainly exert a positive influence on initial
reliability achievement and on reliability growth.

3.3 TYPES OF WARRANTIES AND CONTRACTUAL PROVISIONS

3.3.1 Types of Warranties

The World Airline Suppliers' Guide, published by the Air Transport
Association of America, sets forth four basic types of warranties used
within the i.dustry:

l. Standard Warranty (failure-free). This type of warranty applies
to avionics as well as a range of other items and, in effect,
warrants that all items will be free from defects in material,
workmanship, and design; conforms to specifications; and will be
suitable for the intended use. The warranty extends for a speci-
fied number of operating hours or calendar time or a combination
of both. The vendor normally assumes responsibility for labor
and material costs necessary to correct any Tailures occurring
during the warranty period. Standard warranties, typically, have
been for a one-year period, but recently this period has been
extended up to three years for the newer aircraft systems.

2. Ultimate Life Warranty. This type of warranty applies to major
struvctural compoients, such as wings, fuselage, and landing gear.
The agreement warrzirts that such components will be free from
defects for a stated number of flying hours. Protection beyond
the normal failure-free warranty period is provided, and claims
are generally adjusted on a pro-rated basis consistent with the
amount of usage achieved from the warranted item.

3. Reliability Guarantee. The vendor is required to have his product
achiev: a stated mean time between failures. Such agreements
generally recognize that the initial deployment will experience
infant mortality and thus require that the MTBF be demonstrated
after some initial period of operational time. The warranty typ-
ically runs until the warranted MTBF has been demonstrated for a
stated number of consecutive months. If at any time the vendor's
products fail to meet the specified MTBF, the vendor is required
(1) to supply additional spare units to support the airline's
operations until the required MTBF is achieved and (2) to provide
technical assistance and/or modification kits and labor to achie
the warranted MTEF.

4. Maximu: Parts Cost Guarantee. Agreements are established with the

airline on a maximum materials cost per flying hour (or other mea-
sure of vsage) for maintaining, modifying, repairing, and overhauling
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selected i.ems. Typical applications include aircraft tires and
brakes. Reimbursement to the user is made either on a 100-percent
or & pro-rated basis of the difference between the actual cost and
the specified quaranteed value. Guarantees, typically, are for a
period of ten years, commencing with the product's first use.

3.3.2 Warranty Provisions

The scope of the provisions contained in airline warranties has expanded
over the last several years. Appendix I presents a warranty agreement cur-
rently being uted. This particular agreement was selected because of its
comprehensiveness. The individual Clauses are believed to be typical, al-
though many warranty agreements do not contain all such clauses or present
them in the de%-ail of this sample agreement. The highlights of the major
pProvisions in this sample agreement are as follows:

* Period of Coverage. A warranty period of 36 months or 8,000 opera-

ting hours, whichever occurs first, applies for the standard
warranty.

* Condition for Maintaining Coverage. The warranted item must be used
as specified and not subjected to unauthorized modification.

* Consequential Damages. The seller is not respongible for conse-

quential daages that may result from failure € the warranted
device.

* Scope cf Coverage. The seller agrees to repair 71 replace without
charge any nonconforming item.

* Assignability. Warranty rights may be assigned to a third party in
the event that items are sold or transferred.

* Shipping Costs. The buyer pays for shipping warranted items back

to the seller for repair. Shipping costs for return to buyer are
borne by the seller.

* No-Troible-Found Reimbursement. In the event that a defect or
failare caniot be confirmed, the buyer must bear the expense of
shiprent and cost of testing.

* Documentation Requirements. Data that must be submitted as part of
a warranty claim are specified.

* On-Site Repair Authorization. If authorized by the seller, the buyer
may accomplish the warranty repair using his facilities and invoice
the seller for his labor and material subject to agreed-upon labor
rates and other conditions. For some recent warranties, on-aircraft
remove/replace labor costs are included.

Provisiony applicable to a MTBF warranty are as follows:

* Specific Guarantees. A statement of the warranted parameters will be

given 'MTBF, materials cost, man-hours/flight hours, etc., will be
annotated).
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* Acceptance Conditions. A statement of tolerance and time period for
compliance will be given.

* Seller's Data Requirements. The buyer will supply the seller with
system failure data to permit collection of required parameters.

* Spares Requirements. The buyer will determine spares requirements
based on the seller's MTBF guarantees.

* Consignment Spares. Additional spares will be supplied on a no-
charge basis in the event the observed MTBF is less than the
guaranteed value. The number of spares is calculated by the

formila
G-A
n = NS G
where
n = number of additional spares

NS = total number of spares purchased to date
G = guaranteed MTBF

= achieved MTBF

* MTBF Calculation. MTBF measurements will be based on a monthly
measure corresponding to a three-month moving average.

* Obligution Termination. The seller's obligation under _he MTBF
guarantee will terminate when the MTBF exceeds the specified value

twelve consecutive months but no earlier than the 25th month after
system introduction.

* Definition of Failure. Criteria are established that define which

failures may be accepted in the MTBF calculation and which are to be
classed as irrelevant or minor.

3.4 AIRLINE WHRRANTY FEATURES AND EXPERIENCE

This secticr summarizes the features, experiences, and commentary con-
cerning airline warranty practices as determined from the detailed inter-
views conducied with 27 key airline and airline-avionics vendor personnel.
Six airlines are represented -- one regional carrier, two medium-sized
national carriers,two large national carriers, and one large international
ailrline. Six avionics vendors are also represented, ranging in size from

small to large. In addition, some material from a literature search is
presented.

Table III is a very condensed summary of airline avionics warranty

practices wi:h respect to a number of factors. More detailed information
is presented in the following subsections.
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TABLE III

SUMMARY OF AIRLINE
AVIONICS WARRANTY FAILURES

Feature Description and Comments

Use of Warranties Widespread. Trend is towards more compre-
hensi."e coverage.

Purpose of Warranty Extend vendors' responsibility to include
field performance.

Types of Warranty Standard (FFW), MTBF, MTBUR, M cost
guarantees.

Warranty Period Standard, 3 years; others, up to 5 years.

Warranty Administration | Direct clerical cost to administer warranty
claim, $15-$35 (burdened).

Airline vs Vendor Varies. Most large airlines do own mainte-
Maintenance nance. Reimbursed for labor at about $10
per hour and for replacement parts.

Turnaround Time Generally ranges from 5 days to 30 days
exclusive of shipping time. For most
avionics, 2 to 3 weeks is typical. Until
recently, no penalties have been associated
with turnaround-time delays.

Lost Claims Enough claims are lost to institute proce-
dures to minimize the amount.

Unverified Failires Ranges of 20% to 608 lave been quoted for un-
verified failure occvrrence. BITE equipment
has not yet p:oduced significant improvements.
Cost of no-trouble-fuund tests ranges from
$50 to $200, althongh could be much higher

for very complex equipment.

Disputes Major cavse is interface problems. Generally
settled through negotiation. Airframe manu-
facturer appealed to as last resort. Care in
examining possible escape clauses before con-

tract signing can minimize disputes. ﬁ

Warranty Cost Included in equipment purchase price but
difficult to summarize. As a percentage of
original purchase price, a range of 4% to 108
per year is fairly typical.
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3J.4.1 Use of Warranties

Warranty use in the airlines is widespread, an* the trend appears to be
towards more extensive and definitive coverage. A major extension of war-
ranty coverage began with the introduction of the Boeing 747 aircraft, and
this wider scope has been adopted by other major airframe manufacturers and
vendors. Although verbal agreements and "implied warranty" have served
well in the past, all airline personnel indicated that written precise

warranty agreement is now a standard practice for almost all avionics
Procurement.

3.4.2 Purpose cf Warranty N

A number of opinions on the purpose of a warranty were axpressed. Some
typical examples are listed below (A = airline, V = vendor).

"Extend quality-control effectiveness" (A)

"I'rrm of insurance" (A)

"Protection against catastrophic losses" (V)

"Part of company support" (V)

"Get reliable equipment" (A)

"Recover costs if something goes wrong" (A)

"Marketing tool" (V)

"Control ownership costs" (V)

"Provide customer time to build up maintenance capability” (A)
It is seen that no single major purpose is advanced for warranty. Stating
that a warranty clause extends the manufacturer's responsibility to include

field performance would probably be considered by most knowledgeable people
as a reason-ble overall purpose.

3.4.3 Types of Warranty

Most of the types of warranties listed in the Airlines World Buyers'
Guides or shown in the sample agreement of Appendix I have been used by one
or more airlines. The standard or failure-free warranty is most universal.
Current practice is to include MTBF guarantees as well, although there is
a trend towards replacing this with a MTBUR quarantee (mean time between
unscheduled removals).

Some airlines have stated that they have data problems wi;th the MTBF
guarantee; cthers have had no problems. Most airlines that have some type
of cost guarantee have admitted that currently they are very difficult to
administer because of the data-tracking and accounting problems.

Other types of warranty agreements that are or have been used recently
include: (a) dispatch reliability, (b) turnaround time, (c) turnaround t ¢
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in combination with MTBF, (d) guaranteed spares availability, (e) equipment
return/cost reimbursement for failure to meet MTEF goal, and (f) maintain-
ability gquarantees.

In most recent aircraft purchases, the airframe manufacturer requires
warranties from all avionics vendors, although specific terms may be nego-
tiated indivicually with the airlines. Most airlines prefer dealing directly
with the avionics ‘rendor concerning warranty action and involving the air-
frame manufacturer only when disputes arise.

3.4.4 Warranty Administration

The administration of warraaty claims by airlines varies. Some carraiers
have formal warranty claim departments under either purchasing or maintenance

divisions. 1In others, the warranty claims are handled by procurement per-
sonnel who also have other duties.

It was not possible to obtain a substantial quantity of data on the
cost of warrarty administration. A summary of the minimal data collected
pertaining to all ~aircraft products is presented as follows:

* The number of people in the warranty-administration departments for
three large airlines averages eight, but all noted that other per-
sonnel (e.g., maintenance, purchasing, deta processing) also spend
some time on warranty-administration duties.

* Tie administration cost per warranty claim (burdened) was reduced
by one carrier from $50 to $60 down to $15 by the introduction of
more efficient clu:rical procedures. Another carrier noted that the
clerical salary cost per claim averaged $16.

The forms used by the airlines for processing warranty claims vary.
Currently, a committee composed of airline representatives under the aus-
Fices of the Air Transport Association is attempting to develop a standard
form for airline processing of warranty claims. This form would apply when
the airline performs the repair and is to be compensated by the vendor for
labor and materials.

3.4.5 Warranty Period

Most current warranties for avionic equipment cover a three-year period
for the standard or failure-free warranty. In some cases, where the equip-
ment has proven itself, the period has been reduced (at some price saving
to the airline). wWhere calendar and operating times are given, the ratio
of 2,000 to 2,700 cperating hours per calendar year seems fairly standard.
In some cases, the warranty period starts with delivery; others account for
shelf life befure initial installation; and still others use an "average"
delivery or installation time as the starting basis.

For MTBF, MTBUR, and cost-type guarantees, the period is usually five
years, although it may be extended if requirements are not met. To a:count
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for "infant mortality" problems, there may be a stated initial period over
which the warranty is not in force, or the guarantee values are made less
restrictive initially.

3J.4.6 Airline vs. Vendor Maintenance

Most warranty agreements with airlines that have approved maintenance
capability provide the airline the option of performing its own maintenance.
Rates for labo~-cost reimbursement are negotiated (currently, $10 per hour
is often quo:ted), and the vendor supplies repair parts. Frecuently, the
agreement includes a stated maximum number of labor hours for repair at the
module or unit level.

Most airlines prefer to do their own maintenarce even thcugh the nego-
tiated labor rate generally will not recover all of the overhead expense.
They feel that the savings in turnaround time and resultant reduced spares
requirement provide a sufficient offset. For complex or new equipment,
however, manufacturer repair on warranty items may be chosen initially until
a maintenance capability is established. Also, there is a possibility of
conflict with union agreements if all repairs are done by the vendor.

From the vendor viewpoint, a variety of opinions were expressed. Most
vendors will allcw airline maintenance, but they all noted that there is a
wide variation in capability among the airlines. Vendors prefer to do
repairs, at "east on newer items, in order to observe directly which types
of failures are occurring, to track failure patterns, and to perform failure

analyses so that they can improve the product and thereby reduce warranty-
repair costs.A smaller vendor did note, however, that if all airlines
returned units under warranty, their repair facilities would Le very much
overburdened.

In many cases vendors will maintain representatives at, or pe--odically
send them to. wirline maintenance centers to provide expertis: and period:c

training of maintenance personnel. The larger vencdors have a.so established
world-wide service centers to handle warranty claims.

3.4.7 Turnaround Time

The newest warranties include provision for guaranteed turnarcund taime
(which may or may not include round-trip shipping time). Tne typical war-
ranty provision involves the consignment of additicaal spares based on the
equation

= R(t - T)

N = number of spares to be consigned

R = 3-month moving average of quantity of units per day returned
for warranty repair




t = average turnaround time (days, 3-month moving average)

T = guaranteed turnaround time

A large variation in actual turnaround times was expressed by both the air-
line and vendor interviewees, ranging from 5 days to 30 days (exclusive of
shipping time). The five-day period was for a vendor who has established a

rotable pool. »a period of two weeks is probably a reasonable average that
can be used for mcst avionic equipment.

3.4.8 Lost Claims
—="- -laims

For various reasons, a number of valid warranty claims are not made.
One representative of a very large airline believes that a total of seven
to eight millijo; dollars in warranty reimbursement claims was lost one year
by his company. The most frequently cited reasons are record inadequacies;
failure of 1lip. maintenance personnel to follow standard Procedures; and
the need for quick turnaround, occasionally dictating in-house repair for
which a warranty compensation Provision may not exist.

For general-aviation equipment, one vendor noted that only about 40
percent of warranty registrations are sent back and, of these, the pPercentage
of warranty claims is much lower than the observed MTBF would indicate.

3.4.9 Unverified Failures

Both airlines and vendors noted that a great many removals are unveri-
fied failures. Ranges from 20 percent to 80 percent have been noted. An
average figure of 40 percent is probably reasonable. One major reason cited
for this relatively high rate is that FAA regulations require some type of
action if a complaint is registered. Usually the easiest course of action
on the flight line is remove and replace, especially when a Plane full of
bassengers is invoived.

problems, causing a falsge indication of unit failure. Current state-of-the-
art improvements in BITE and relaxation of the design philosophy of testing
everything may improve the effectiveness of BITE in the future.

There is nn uniform Practice concerning no-trouble-found test charges,
but for a large nurber of items the vendor will bill the airline. A mini-
mum charge of $50 appears to be standard, with a maximum of about $200,
although chargas as high as $750 for a complex intertial navigation system
have occurred. The airline will generally also be charged for shipping
costs. Specific actions have been taken by airlines to reduce these costs
by better checkout pProcedures. 1In one case, an airline will receive credit
for a no-trouble-found test charge if the unit fails again witain 30 days.




3.4.1C Dispaites

The widespread and increasing airline use of warranty provisions should
not be interpreted to mean that disputes are rare. Interface problems were
the most frequently cited cause of disputes, although this is probably more
applicable to non-avionic equipment (e.g., the vendor claims that excessive
engine vibration caused failure of a thrust chamber). Most disputes are
negotiated directly between vendor and user. Again, the importance of manu-
facturer reputation and integrity in the competitive airline avionic market
is worth noting. For cases in which no settlement can be reached, the air-
line wi’l appeal to the airframe manufacturer when he has overall warranty
responsibility.

|
|

The general impression gained from interviewing airline representatives
was that disputes concerning warranty responsibility were more of a headache
rather than a serious problem significantly reducing the value of warranty.
A number of interviewees did mention that care has to be exercised in avoid-
ing “"escape clauses” in the contractual warranty provisions. The most fre-
quently cited examples involved stipulations of operating and maintenance
conditions for which the vendor could easily claim that the warranty was
voided. Delays involving delivery and installation had also resulted in
disputes concerning warranty-period coverage for individual units.

3.4.11 warranty Cost

The cost increment due to a warranty provision is of considerable inter-
est. There is no doubt that the price of avionic equipment includes esti-
mated costs of future warranty repair and is therefore very much dependent
on the anticipated MTBF performance. On the basis of a number of informed
statements, a range of 4 percent to 10 percent per year of the basic unit
purchase price is fairly representative. The lower percentages would apply
to the simpler units with proven reliability. The higher percentages would
apply to the more complex units, especially the newer ones that are still
maturing.

The per-eatage rate cited generally applies to the standard type war-
ranty, but it may include reliability guarantees and other forms as well.
Because of the wide variety of equipment/warranty factors that are re-
flected in the percentages quoted, we caution against using them for
decision-making purposes.

3.4.12 Miscellaneous Factors

Several other factors concerning airline use of warranty provisions in
avionics procurement are summarized as follows:

* Small versus large vendors. No airline representative indicated any
major difference in warranty experience between small and large
vendors.

e Shipping costs. In many cases, the airline pays Zor one-way shipping
costs on warranty returns, but this practice is not universal.
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* Legal disputes. The number of legal problems resulting in court
actions resulting from warranty provisions has been negligible for
the airlinees and vendors contacted.

* Perfcrmance bonds. No instance could be recalled in which a per-

formance bond or similar contractual provision was used for avionics
procurrment.

3.5 THE VALUE OF THE AIRLINE AVIONICS WARRANTY

The wid2spread use of warranty clauses in avionics procurement and the
trend to increased coverage must bhe considered as strong evidence of the
value airlines place in warranty provisions. The airlines are nc sold war-
ranties; they seek them. No airline representative we interviewed would
approve of purchasing equipment without at least a standard-type warranty.

Vendors accept the fact, perhaps reluctantly in some cases, that more
than minimal warranties are now standard practice in airline avionics pro-
curement. One vendor frankly stated that "warranties make us nervous".
The reason for this feeling is clear. Although vendors try to include the
estimated costs of warranty in the unit purchase price, a great deal of
uncertainty exists, especially for the newer equipment.

To remain competitive, the vendor cannot make the price increment cdue
to warranty too large. If the reliability of the product is good, the
vendor may realize some additional profit because of the warranty. On the
other hand, if some unanticipated reliability problem occurs, the vendor
may incur a large warranty-repair cost. 1In addition, he may have to consign
spares and introduce costly modifications if an MTBF guarantee is involved
in the warranty clause. Therefore, the possible profit increment due to a
warranty clruse may be relatively small compsred with the possible losses.

Many of the airlines people interviewed expressed the opinion that war-
rantles are not designed to penalize a vendor. They believed that the
profit/loss potential associated with warranties will motivate vendors to
produce more reliable equipment and to provide timely support or modifica-
tions to improve equipment reliability performance. Warranties were con-
sidered by some as a form of insurance whereby the buyer recovers eome
of his excessive ownership costs if the product fails to meet reliability
goals.

A great deal of money is involved in warranty claims. For three large
airlines, the following statistics were obtained:

* Airline A recovered nearly $50,000,000 in warranty claims over a
three-year period, exclusive of claims concerning serious engine
proolems, which have now been corrected.

* Airline B recovered a total of $14,500,000 in warranty claims over
a two-year period (1971-1972).

* Airline C recovered a total of $11,000,000 in warranty claims for
1972 (conservatively estimated).
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Information obtained from two of these sources indicates that 30 to 40 per=
cent of thesc dollar values represent warranty claims for avionic equipment.
The MTBF/spares-consignment provision can also 1involve a great deal of
money. In one instance, a manufacturer had to consign 20 spares costing
$100,000 each because of MTBF problems. A number of modifications to
improve reliability were introduced by the manufacturer, resulting in an
approximate doubling of MTBF.

Some differences were noted in the warranty philosophy of airline pro-
curement personnel as contrasted with engineering personnel. The procurement
personnel tend to place greater reliance in the warranty provisions and feel
that a complete, Cetailed warranty clause could be a good bas.s for selecting
a vendor. The enjineering personnel, however, tend to place less reliance
on the warranty specifics and more on technical reliability factors and
manufacturers' reputations.

As an example of the latter, for an avionics item, one large airline
did not select a vendor who proposed the lowest price (among seven bidders),
a guaranteed high MTBF, the second lowest man-hours per operating hour, the
lowest material cost per operating hcur, and the best dispatch reliability.
The engineering manager who discussed this case with us simply stated that
this vendor rad no known experience with this particular type of product
and that he would be "scared" to commit the airline even with a warranty
clause.

As discussed earlier in this section, warranties represent just one
factor in the airline procurement environment that zends to yield relia-
bility and life-cycle-cost values much more favorable than those of com-
parable military applications. Although it is not possible to quantify
precisely the impact of warranty provisions, there 1is no gquestion that the
airline community has had a very satisfactory experience and intends to
increase its reliance on warranty for more inclusive reliability and cost
control.
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SECTION 1V
MILITARY WARRANTY INVESTIGATIONS

4.1 INTRODUCTION

The regulations regarding the use of warranties are covered in the
Armed Services Procurement Requlation (ASPR), Paragraph 1.324. within

this provision, a general functional description of a warranty is pro-
vided by:

"A warranty clause gives the govermment a contractual right to
assert claims regarding the deficiency of supplies or services

! furnished, notwithstanding any other contractual provisions per-
taining to acceptance by the government. Such a clause allows
the government additional time after acceptance in which to
assert a right to correction of the deficiencies or defects, re-

performance, and equitable adjustment in the contract price or
other remedies ... ."

Traditionally, this clause has Lcen used in the context of correcting
latent defects of materials supplied. Recently, however, the concept of
warranty has heen expanded to provide a much longer-term relationship with
the contractor to achieve desired performance characteristics. Regarding
the scope of a warranty, ASPR Paragraph 1-324.5 states:

"The terms and conditions of the warranty clause vary with the ;
circumstances of the procurement. The clause must state the
duration of the warranty. The clause may either provide that
the contractor will be liable for defects or r.onconformance
to the contract requirements existing at the time of delavery,
or proviue that he will be liable for such defects or non-
conformance wnich developed prior to expiration of the speci-

fied period of time or before the occurrence of a specified
event."

Subparagraph C svates:

"Where the goveriment specifies the design of the item and its

precise measurements, tolerances, materials, tests, or inspection

requirements, the contractor's liability for defects or ron- 1

conformance should usually be limited to those in existerce at

the time of delivery."

It thus appears that the use of warranties is most clearly applicable
to those situations in which the requirements are spelled out in general
terms for the i_em rather than consisting of specific design details.

It is important to note that the warranty coverage is applicable only
to correcting deficiencies found in the iter procured and does not extend
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to consequential darages. Because of the possible magnitude of such damages,
it has been considered by many sources to be within the government's best
interest to act as a self-insurer for this area of liability for complex,
high-value, or hazardous items such as aircraft, ships, missiles, and other
military systems or components or spare parts.

Warranty claims that cannot be resolved through the designated contract

administrator would require resolution through the disputes clause. ASPR 7-
103.12 provides in part:

"Except as otherwise provided in this contract, any dispute concerning
a question of fact arising under this contract which is not disposed
of by agreement shall be decided by the Contracting Officer, who shall
reduce his decisicn to writing and mail or otherwise furnish a copy
thereof to the Contractor. The decision of the Centracting Officer
shall be final and conclusive unless, within 30 days from the date of
receipt of such copy, the Contractor mails or otherwise furnishes to
the Contracting Officer a written appeal addressed to the Secretary.
The decision of the Secretary or his duly authorized representative
for the determination of such appeals shall be final and conclusive
unless determined by a court of competent jurisdiction to have been
fraudulent, or capricious, or arbitrary, or so grossly erroneous as
necessaril’ to imply bad faith, or not supported by substantial evi-
dence. In conrection with any appeal proceedi.ilg under this clause,
the Contractor shall be afforded an opportunity to be heard and to
offer evidence in support of his appeal. Pending final decision of

a dispute hereunder, the Contractor shall proceed diligently with

the performance of the contract and in accordance with the Contract-
ing Officer's decision ..."

Although this process can entail a lengthy resolution process, the con-
tractor does have recourse to questions of fact regarding warranty claims.
Ideally, the definition of warranty coverage should be sufficiently definite
and broad in coverage to minimize the need for such action.

Warranties are typically concerned with the product's ability to meet
prescribed performance characteristics such as reliability. A number of
plans have been considered for warrantying reliability characteristics, but
as yet no precise standards or commonality of temms exist to describe the

various plans. Hughes Aircraft in their study of warranty outlined the fol-
lowing plans:8

a. Full-life guarantee plan - allows any number of failures consistent
with Peliability, Maintainability, and Availability requirements of
the operating Commands during the equipment life time, with the manu-
facturer responsible for repair and test of each item. (This type
plan i35 also known as failure-free warranty; see Section II.)

’DoD Working Group on Contract Warranties, June 1969.

®Airborne Electronic Equipment Lifetime Guarantee, Hughes Aircraft Company,
RADC TR 69-363, November 1969.
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b. Maxuum failure-rate Juarantee plan - allows a certain number of
failures, per unit time, above which the manufacturer becomes
liable.

c. Failure-free guarantee plan - does not allow any failures, with
the manufacturer guaranteeing the ecuipment to be failure-free
for an extended period, subject to heavy penalties.

d. Other - Used to denote an ASPR type of gquarantee plan. 1In such
a plan only qualitative correction-of-deficiency statements are
made.

In addit .on to reliability guarantees, it is possible that warranties
could be establishad for other atility indices such as support cost per
landing, maintenance material cost per operational hour, or total life-
cycle cost for some stated operational period.

4.2 MILITARY WARRANTY EXPERIENCE

4.2.1 Naval Aviation Supply Office

The Naval Aviation Supply Office placed a contract with Lear Siegler,
Instrument Division, for the repair and refurbishment of 800 2171P gyros.
The gyros are used in the A-4 and F-4 aircraft. The warranty provided that
failures occu-ring during the coverage period of 1,500 hours or five vears
(whichever came first) would be repaired on a fixed-price basis. The fixed
price was determined from the number of failures that would occur during the
1,500 hours of cperation and the contractor's cost to perform a repair. The
number of failures was derived from the previously observed field MTBF, modi-
fied to achieve a 30-percent improvement in reliability. The base MTBF was
400, which when increased by 30 percent would produce a 520-hcur value. The
30-percent improvement was to be derived from (1) incorporation of existing
modifications, (2) implementation of additional reliability improvements,
and (3) improved overhaul processes.

The contrast provided that all units returned vo Lear Siegler, except
units with broken seals or obvious damage, would be repaired and tested by
Lear Siegler withii the contract fixed price. Warranty exclusions were to
be determined by the resident Government quality-control reprasentative.

The contract also provided that no additional charqes would be made for uni:
that were subsequently found to be good.

This program was implemented in 1968, at which time, as roted, the field
MTBF was observed to be almost 400 hcurs; at the midyear point it nad droppec
to about 380 hours. The contractor intensified his actions to improve reli-
ability and, as a result, a value of 523 hours was reported ia April 1972.°
Typical no-cost changes made to achieve these improvements included improved
solder seals ard the addition of an inner-race bearing nut to reduce trurn o
wear. Other additional charges have been made, and others are being testrd
and evaluated.

*Lear Siegler, Technical and Contract Coordination Meeting Report, 22 June
1972.
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The gyro field reliability performance is monitored through the use of
3M data plus data generated by Lear Siegler from monitoring its in-house re-
pair activities. From these data, Lear Siegler has developed data-processing
programs that develop warranty program history by equipment serial number
plus a variety of summary reports related to configuration data, failure-
mode distribution, and equipment-status statistics.

To date, approximately 2,000 units have been returned for repair. Of
these, all but two have been repaired under the warranty. Both units were
damaged to a point where repair was totally uneconomical. The Lear Siegler j
contract requ.irer that units that are returned for warranty repair but are
later found to have no defect are processed at no additional charge. Ex-
perience has shown che no-trouble-found rate to be 16 to 17 percent of total
returned gyros.

e W o

Falled units are returned to Lear Siegler from either east coast or
west coast Navy supply centers. Average transit time ranged from 53 to 69
days (removal to receipt). The average ship-to-install time was 87 to 109
days. Overhaul facility turnaround time ranged from 67 to 89 days. The
warranty contract required that turnaround be accomplished within 45 days.
Although no explicit penalty was called out in the contract, it was mutually
agreed that the difference in actual turnaround time versus that guaranteed
would be added tc or subtracted from the warranty period.

An added benef .t derived from the study was the performance of approxi-
mately 50,000 hours of laboratory reliability testing by Lear Siegler as
part of their reliability-improvement efforts. Additionally, approximately
3,700 hours of field reliability testing of design-improved operational units
was completed.

One major problem encountered in establishing the contract concerned
the securing of proper funding authority. Since the program was related
to maintenance, it was clear that OsM funds were appropriate. However, the
warranty contract was a multi-year agreement, and O&M monies may be allo-
cated on an anrval basis only. Authority was finally received to fund the
program incrementally on an annual basis.

Overall, both the Navy and Lear Siegler are satisfied with the program.
Lear Siegler has indicated that the project has been profitable and highly
useful since it provides direct feedback to them concerning the field per-
formance of their products. Although definitive studies have not been made,
Navy personnel believe that the Lear Siegler units have higher reliability
than similar units processed through normal Naval repair facilities. Al-
though no firm data are available, a 20-percent saving in repair costs and
fleet maintenance costs has been estimated. Considering the cost of repair
only, it is estimated to be $1,150 under the Lear Siegler program, as com-
pared with $1,409 to $1,500 for repair at Naval facilities.

4.2.2 NAVAIR

NAVAIR has procured two systems usiig warranties -- the Radio Altimeter
AN/APN-194 and an Omega receiver, AN/ARN-99 (V-1). The highlights of these pro-
curements are described in the following subsections.
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4.2.2.1 PRadio Altimeter

A procuremen: contract was awarded to Honeywell for a quantity of
AN/APN-194 Radio Altimeters as replacements for the AN/APN-141. The con-
tract includes a service warranty providing coverage of 1500 hours or two
years, whichever comes first. The award price is $4,900 per unit, including
warranty. The AN/APN-141 was priced previously at approximately $4,100.
The contract also requires the contractor to repair or turn around all
returned units within 45 days. Failure to do so results in a renalty of
0.5 percent per day of the acquisition price. An option for additional
warranty coverage was provided at an annual rate of seven per cent of the
original purchase price.

The AN/.RN-194 procurement made use of the normal specifications,
including reliability and maintainability demonstrations, as well as
standard configuration-control procedures.

Past experience with the AN/APN-141 indicated that it had an MTBF of
about 40 to 50 hours. Experience to date on the initial production quan-
tity of 24 units revealed a verified MTBF of approximately 700 hours.
This was achjeved in part through the implementation of several no-cost
reliability ECPs by the contractor.

4,2.,2.2 Omega Receiver

A contract w~as placed with Nortronics for procurement of the AN/ARN
99(V-1) Omega Feceiver. The contract contains a two-year warranty clause.
The maintenan-e concept for this unit is to employ built-in test to identify
a failed moiile and to ship the failed unit back to the manufacturer for
service.

The principal warranty provisions used for the Omega Receiver are as
follows:

"Werranty - The Contractor warrants that at the time of acceptance all
supplies furnished under this contract will be free from defects in
matericl ard workmanship and will conform with the specifications and
all other regquirements of this contract and that for two (2) years
after accep-ance all failures in supplies shall be repai.red in accor-
dance with the remedies set forth in this clause: Erovided, however,
that with respect to Government-furnishad property, the Ccatractor's
warranty shall extend only to its proper installation, unless the
contracter performs some modification or other work on such property,
in which case the Contractor's warranty shall extend to such modifi-
cation cr other work."

"Right to Corrective or Replacement Action - In the evert of a breach
of Contractor's warranty or any failure in the supplies as noted in
paragriph above, the Government may, at no increase in contract price,
(1) require the Contractor, at the original point of deiivery or at
the Contractor's plant, to repair or replace, at the Coat.actor's
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election, defective or nonconforming supplies, or (2) require the
Contractor to furnish at the Contractor's plant such materials or

parts and installation instructions as may be required to success-
fully acromplish the required correction. The Contractor shall

also prepare and furnish to the Government data and reports appli-
cable to any correction required under this clause (including revision
and updating of all affected data called for under this contract) at no
increase in the contract pPrice. When supplies are returned to the
Contractor, the Contractor shall bear the transportation costs from

the original point of delivery to the Contractor's plant and return to
the original point of delivery."

"Right to Equitable Adjustment - If the Gover ment does not require
correction or replacement of defective or nonconforming supplies or

the Contractor is not obligated to correct or replace by reason of
paragrapl: below, the Government shall be entitled to a reduction in

the price of such supplies which is equitable under the circumstances."

Additionally, the contractor ‘s required to correct or replace any
item returned for warranty within 60 days of the date of return. 1In the
event that action is not accomplisied, the contract provisions provide for

liquidated damages at the rate of ).§ percent per day, not to exceed 25 per-
cent of the unit cost.

Mo information is currently available to evaluate the success of this
program.

4.2.2.3 USAF Aeronautical Systems Division

In 1966, The .*-~111 Aircraft System Project Office and the ASD Deputy
for Subsystems, Compass and Reference System Section, initiated an effort
to determine the best plan for additional procurement of the auxiliary
heading and altitude reference system for the P/FB-111 aircraft. Previously,
the reference system had been secured from General Electric on a sole~source
negotiated-procurement basis. As part of the planning effort, it was de-

cided to go to a competitive basis and to include a long-term service war-
ranty provision.

An RFP was issued to 25 contractors; two responses were received --
G.E. and Lear Siegler. The resultant contract was awarded to Lear Siegler
for 126 units, with delivery to be started in May 1971 and completed in

May 1972 (Contract No. F33657-69-C00662). The warranty provision called
for 3,000 hours or five years of use.

Through the competitive procurement, an acquisition-cost reduction of
37 percent was achieved on the total system (gyro, amplifier, and controller),
or $9,550 per system, versus an average of $14,969 for previnus procurement.
The cost of the gyro was $6,040 per unit Plus $2,200 for the five-year war-

ranty. The warranty cost in terms of the gyro acquisition cost was 7.3 per-
cent per year.
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Cost of repair of the G.E. gyro under contract to G.E. was $1,622
for each repair. The Air Force depot r.ost to repa.r was estimated to be
$1,275,eventually reducing to $978. Using tnese rates, J. L. Higgins
showed that the hourly cost to operate the LSI unit was $2.75, compared
with $3.03 for tte G.E. unit with AF depot repair .nd $3.99 with G.E.
factory repair.l

Failed gyros are sent to Lear Siegler via McClellan A.r Force Base
and from General Dynamics, the F-111 contractor, w.io is also installing
the units in new aircraft.

To monitor the gyro performance, Lear Siegler makes use of AFM 66-1
and the Data System Automation Program Number D057 in association with
their in-house data derived from monitoring their repair operations to
monitor the reference system's performance. 1In addition, each gyro has
its own time meter.

The unit is receiving approximately 26 flying hours per month and is
incurring approximately 1.5 times that amount in ground time. It has been
reported that Lear Siegler has incorporated two no-cost Class 2 changes in
the gyro to date.

No specific operational results have heen reported to date. The pro-
curement section at Headquarters AFSC is preparing a cost-corparison study
of the G.E. and Lear Siegler units. It is expected that results of this
analysis will “e available in July or August 1973.

4.2.2.4 USLF Electronics Systems Command

The Electronics Systems Command has under development a solicd-state
TACAN system scheduled to be the future standard replacement system for the
current tube-type systems. It is designated the AAN/ARN-106 (formerly
ARN-XXX), and the development effort is directed toward achieving a design-
to-cost value of $10,000 per unit and a 1,000-hour MTBF. Competitive
development contracts have been let to Collins Radio and Genaral Dynamics.

As part of the development proposal submnitted, the comp.ting contrac-
tors were askel to provide estimates for warranty coverage fu: an initial
24-month period plus annual opti ins for three subscquent years for a range
of specified proauction quantities. The major provisions of warraaty re-
quirements set forth in the TACAN RFP are paraphrased as follows:

Part 1 -- Statement of Contractor Warrar.ty

« Each TACAN set will be free from defects ia material .nd
workmanship and will operate in its intended enviroment in

10Major J. L. Higgins, USAF, Master's Thesis, lons-Term Serv.ce Warranty
Contracts: A Case Example of Gyroscopes purchased under Werranty, Alr Force
Institute of Technology, September, 1972.
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Part 2 -- Contractor Obligations

accordance with the specifications of the contract.

Any set not meeting such warranty will be returned to the !
contractor's plant or designated rrpair facility at the

expense of the Government and will be repaired or replaced
at contractor's sole option, at contractor expense, so as !
t> operate in accordance with said specifications. The con- -
ti:actor will ship the repaired or replaced item back to i
Government in an appropriate shipping container, freight not i
allowed.

The contractor is under no obligation for loss or damage
resultinc from fire, explosicn, flood, crash, enemy, etc.,

or for units whose seals are broken outside contractor's con-
trol. The contractor will not be liable for special conse-
quential or incidental damages to Government property.

Part 3 -- Government Obligations

All contractor-initiated ECPs for the TACAN set will be at no
change in contract price. j

The contractor will have warranty-period information displayed
on the units, showing the following:

s+ Action to be taken on verifying failure

*+ Fallure-data recording

*+ Packaging and shipping information

A 30-day turnaround time (repair) is specified.

Records by serial number for each unit under warranty will

be maintained by the contractor. These records will include
date shipped, date failed, date received, and date reshipped,
with corresponding elapsed-time-indicator readings as well as
the warranty period used.

The contractor will place these warranty provisions in all
technical manuals that provide coverage for this TACAN set.

The contractor will have continuing responsibility for any
unit received on or before the last day of the warranty
period.

The Government will, to the extent possible,

** Test all sets at point of removal prior to return to
contractor.
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** Furnish maximum failure-circumstance data and test
readings correctly recorded on AFTO 211 or equivalent.

** Utilize approved cont.iner and packaging.

** Return unit within 60 days of failure although the
warranty will still be valid if the unit is not re-
turned within 60 days or failure-circumstance data
are not furnished.

Since the warranty provides high contractor motivation for total
cos: control, the Government agrees that all no-cost ECPs sub-
mitted in accordance with MIL-STD-480 will receive special expe-
ditious Processing through the approved cycles. Any such ECP
shall automatically be approved by the Government 30 days after
receipt by the TCO except as notified in writing.

Part 4 -- Miscellaneous

The Government representative at the plant will be notified when
repair may not be covered by warranty.

Instructions ill be given for the disposition of units not
considered to be economically repairable.

The Government will provide equitable adjustments in price
for negoiiating repair not covered under warranty.

If repair time exceeds specified turnaround time, the warranty
shall be extended day-for-day for each day in excess.

Removed materials will become the contractor's property as
provided in the disposition clause above.

Any unit that falls within the Provisions of the disposition
clause or is declared lost shall have an equitable adjustment

in contract price for the unused portion of the remaining
warran.y.

The Government will not be required to provide facilities,

tooling, or equipments of any type for contractor performance
under the warranty.

The contractor will be required to rorrect deficienc.es in
accepted units at no change in price even though a fuilure
has not occurred.

Part 5 -- Data Requirements

To evaluate the extended-warranty procurement concept, the con-

trac*or will provide the following data items:

* Warranty data report issued every six months containing (1)
Populacion information on all delivered items, including
serial number, of each TACAN set repaired or replaced unde:
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warranty, showing ETI and date and time of receipt and reship-
ment; (3) analysis of TACAN failures, including modes, trends,
or patterns of failure from field usage, and r~commended or pro-
jected action covering correction action; (4, detailed record

of all TACAN sets dispositioned during pPreceding six-month

period; (5) other pertinent data, facts, or information at dis-
cretion of contractor.

Warranty effectiveness study, issued annually. will contain:
(1) report of experience and conclusion, if appropriate, re-
jarding the effectiveness of the warranty concept applied by
this countract; (2) recommendations and suggestions reqarding
warranty-clause provisions that may be of mutual benefit to the
Governmert and industry in future procurements. The initial
warranty period of 24 months will extend for all production

units subsequent to the acceptance and delivery of the last
production unit.

As noted at the outset of this discussion, AN/ARN-106 is currently
being developed. The decision to include a warranty as part of the pro-
duction contract remains to be made. At this time, it appears that pro-
ject personnel view the use of warrarnties favorably.

4.2.2.5 USAF-OCAMA

OCAMA procured a flight director system (FD-109) to be retrofitted
into the KC-135 ajrcraft. A contract was awarded to Collins Radio for their
system, which, in effect, represented a modification of tneir standard

flight director with a computation function added to provide a rotation and
go-around capability.

The contractual agreement provided for a two-year failure-free
warranty plus gquaranteed life-cycle cost. The contractual values were
predicated on achieving an MTBF of about 420 hours.

The unit, when initially deployed, achieved an MTBF in the vicinity
of 100 hours. The reliability has since grown to about 250 hours, still
falling short of the original figure. However, it is understood that some
disagreement lias arisen between the Government and the contractor regarding

the use of flying hours alone or flying hours plus around time in the com-
putation of MTBF.

4.3 CONTRACTOR ACCEPTANCE OF WARRANTIES

One of the major questions of concern in accomplishing the interviews
with equipment vendors was the degree to which vendors would be willing to
respond to eqripment procurements that contain warranty provisions. As
expected, enthusiasm for warranties ranged from poor to highly favorable.
However, all vendo-s queried indicated that they would respond if those
were the conditions imposed in the procurement. Those vendors who
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favored the use >f warranties felt that it constituted an ideal mechanism
for them to observe directly how their products performed in the use
environment and placed them in a position to improve their product to gain
wider acceptance. Trose less optimistic about the use of warranties felt
that it could become a marketing gimmick and as such would be subject to
escalation, with more and greater requirements hbeing imposed as a result
of the competition to sell products.

All vendors interviewed felt that it was highly important that the
use environment be clearly specified to permit adequate pricing of the
warranty. lrcper specification would identify the aircraft in which the
avionice would br installed and provide a reasonable estimate of the
expected flying program for that aircraft. They felt that equipments
could be purchased for multiple application as '.ng as the proportion of
each application was clearly identified.

Most vendors queried indicated that they would be extremely reluctant
to permit military maintenance organizations to accomplish warranty repairs
for which they were liable for reimbursement. Some, however, did express
an open mind on the subject and indicated that it might be feasible after
more experience was acquired concerning military maintenance facilities,
and that such concepts could be evolved, perhaps augmented with technical
representatives located at the military facilities.

4.4 MATERIAL FLOUW UNDER WARRANTIES

Repair/replacement actions for most warranty contracts that have been
thus far implemented in the military have been accomplished at the vendor's
plant. Failed items are normally sent through the traditional supply lines
to the controlling depot. At this point, they are then directed to the
vendor's plant. Shipping costs have been borne by either the vendor or the
governnent, depending on the terms of the warranty contract. Such a flow
is no doubt the easiest to implement since it makes use of tlhe normal
supply channels. However, the time required for a unit to transit this
channel can >e a matter of two to three months, constituting a lengthy
pipeline that must be filled with added spare units to maintain equipment
on site.

An experimental program is being implemented within the Navy that
entails direct shipment from the using squacdron to the vendor's repair
facility, with replacement being made in thc same nanner.'! At the using
operation, after the decision has been made to return the unit, a messagso
is Bent to the vendor that a unit is beiny returned. The vendor, upon
receiving this message, initiates action to ship a replacement unit within
a prescribed period of time (24 hours). The replacement item is drawn from
a bond room that he maintains to house spare units previously purchased by

11 The Closed Loop Aeronautical Management Program (CL°MP) i3 being used
by the Navy to support A7-E aircraft.
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the government. Upon receipt of the failed item, the contractor will re-
pair it and place it in the bond room for future use. Although, as mentioned,
this program is being tried initially this year, the concept is considered to

have merit and should make a marked reduction in the pipeline time associated
with the support of a remote unit.

The use of authorized shipping containers is of paramount importance.
Several vendors mentioned that one of the major problem areas was in-tran-
sit damage. The use of pProper containers corrected this Problem. To be
successful, a warranty program must be established to assure that properly
designed containers are Secured and used for material handling.

4.5 PROCUREMENT TESTING REQUIREMENTS

The requirements for continued t
array of military specifications
questioned. One vendor indicat

esting (as currently dictated by the
) when a warranty is in effect have been
ed that in producing products for the com-

elimination of the need to prov
outcome. He further noted that

pProduct’'s cost by as much as 65 percent. This opinisn, however, was not
fully shared by other vendors. Some stated that some form of testing was
definitely needed and that the military specifications were a reasonable,
consistent basis for meeting testing requirements. It was also noted that
some of the major airlines are performing in-house testing prior to the
purchase of a product to verify its performance capability. 1In addition,
some airlines are requiring a minimum amount of burn-in testing time prior
to the delivery of a new or repaired item. The general consensus that can
be drawn is that some form of testing is definitely required prior to

product deployment but that with a warranty perhaps its magnitude could be

decreased somewhat and that the extensive documentation now required could
be reduced.

4.6 CONFIGURATION ZONTROL

technical activity. Most warranty contracts of this type have provisions
requiring that the Government respond to such proposed no-cost ECPs within
a specified period of time (30 days). It may be argued that such changes
could lead to a proliferation of system configqurations. Limited experience,
however, shows that the opposite has been encountered. Since the contractor

is motivated to jncrease reliability, he extends every effort to modify the
item to achiev: this erd.




4.7 MANAGEMENT TCATA

Support of each of the military warranty programs reviewed required
that the contractor supply the Governmert data concerning the warranty
status of contracted items. In the cases examined, the contractors have
combined service-generated data with records they have gathered from the
repair operations to develop the needed management information.

Higgins, in commenting on the Air Force data system, noted that, in
combination, existing data systems supply most of the needed information
for warranty administraticn.!? Major data systems he believed could con-
tribute were:

D073 -- Management of Items Subject to Repair

D041 -- Repairable Consumption Item Requirements System
D147 -- Repairable Item Movement Control System

6068 -- Depot Repair Cycle Management System

D057 F&G ~- Advanced Configuration Management System

Of these, he believed that DOS7F, in combination with D041, formed the
main data sonrces. Other data sources included G072, D056, AFM 66-1, and
the Air Force Recoverable Assembly Management System. He also observed
that current data systems were developed on a commcdity basis rather than
on a system basls, thus preventing ready identification of the¢ performance
of a specific equipment type by a single manufacturer.

As noted in the preceding discussion concernirg the ASO-Lear Siegler
gyro-repalr warranty contract, service data systems are used in combination
with contractor-generated data. Table 1V describes the type of reports,
and their conteats, that are currently being developed to support this
warranty program. The data package is more comprehensive than would
normally be required to administer a failure-free warranty orogram, but the
added displays related to failure-mode information are considered quite use-
ful for reliability engineering investigation.

A warranty program requiring demonstraticn of a system parameter such
as MTBF would require repowting of not only failure information but success
hours as well. Since aircraft-utilization hours are commoniy reported, it
is necessary to estimate operation in hours by applying the ratio of ground
hours to flying time. Additionally, classification of failurcs becomes
more critical and more definitive reporting 1s required to assure that both
parties can mutually agree to decisions made.

In summary, current military data systems augmented by contractor in-
puts can supgporc warranty programs. It would be desirable, however, to

12
J. L. Higgins, op. cit.

37




TABLE 1V

LEAR SIEGLER-ASO WARRANTY REPORTS

FFW Warranty Program Report. Displays on a cumulative basis all available information
relative to a given repair/overhaul action on a given unit by FFW serial number. Data
displayed may be categorized as identification information, incident information, re-
ceiving information, repair information, and shipping information.

System Status Summary Report. Lists pertinent in-out typea of data in TFW gerial-
number sequence. It displays, on a cumulative basis, certain specific information
relative to a unit's identification, receipt, shipment, and FFW program status with
a specific indication of remaining warranty hours.

Trace Data Reporte. Provides specific data showing the time sequence of activity for
each FFW unit. This permits tracing each unit with all information sequenced by calen-
dar time. For each serial number, a cemplete history of in, out, installed, and re-
moved data is sequenced with action datea and clocked hours.

Low-Activity-Unit Summary Report. Lists, in crder of descending number of days, those
FFW units for whizh no activity has been reported within 90 4days after shipment from
LST or 60 days after a reported installation.

Confiquration vata Report. Lists configuration status of each FFW gyro by serial number.

Failure-Mode Distributinn. Displays a frequency distribution indicating failure mode
versus frequency of c¢..currence.

Failed-Parts Summary Report. Identifies the specific parta replaced corraaponding to
faillure modes and reason for replacement. This raport displaya failed-part information
by part number, indicating circuit identification, failure mode, fallure cause, correc-
tive action, and expected failure-rate change.

Low-Activity-Unit Trace Data Report. Lists units in descending order of time of inacti-
vity but contairs the known detailed information to aasist tracking a unit.

Turnaround Time Report. All the FFW units that leave LSI and return again after a faifure
are included in the analysis of turnaround time.

Aircraft Utilization Report. Lists aircraft utilization, reported in sequence by airct:lft
BU number. Each aircraft is reported separately, with all the data-bank information re-
lated to that aircraft within time sequence.

Stricken-Aircraft Reports. FFW gyros lost due to aircraft strikes, with tha known activity
prior to strike.

Units Presumed Lost Report. Abstracts those FFW gyros presumed lost.

Parts Usage Summary. Shows, by part-number sequence, the total usage of each part and how
often it is used per unit and per rapair cycle. It displays part-rsplacement hietory on a
cumulative basis. Display format is one report line per replaced part drawing number.
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review current data systems in the light of future warranty experience to
identify data requirements, both military and contractor, more completely.

4.8 ITEM MARKING

Equipments procured under warranty agreements shoulcd be adaquately
marked to indicate that such coverage is available. Appendix I1I presents
a iist of da“a that should be considered in warranty marking. The Air
Force has ) roposed a revision to MIL-STD 129-E calling for marking shipping
containers for warranted items. Exhibit 1 illustrates the proposed change.
It is understood that the Proposed change is now being coordinated within
the total hobL community to achieve a standard warranty marking method.

MIL-STD 130, which covers item marking, does have provision for warranty
information marking.

4.9 WARRANTY CONTRACTING

Initial efforts to fund warranty programs have encountered some diffi-
culty, as pointed out in the examples cited. The basic question is whether
to use production funds or operation and aintenance (O&M) funds. Since
O&M funds may be appropriated on an annual basis only, purchase of multi-
year warranties constitutes a further problem. Recent informal informatior
from DoD authorities indicates that use of production funds will be
encouraged for new procurements and that incrementclly funded oOsM monies

will be used for renewal warranties ard those associated with overhaul and
repair.

It should be noted that ASPR 1-324.2b states that "a warranty clause
shall not be included in cost reimbursement type contracts, since the
warranty aspects of the clause 'Inspection of Supplies and Correction of
Defects' in ASPR 7-203.5 are sufficient to protect the interest of the
Government." Paragraph 7-203.5b states that in a cost-reimbursement type
supply contract, the cost of any replacement or correction shall b2 in-
cluded in Allowable Costs. Thus it can be concluded that a iona-t arm
warranty contract must be made on a fixed-price basis secured either
through negotiated or advertised procurement. The DoD work:ing group on
contract warranties recommended that warranties be considered only for
procurements subsequent to the initial and advanced development phases,
which are more amenable to fixed-price contracting.

The DoD committee also recommended that the ASPR commitice recognize
that "it should be the DoD policy, when post-acceptance warrarties are
employed to recognize a reasonable costing factor for the deraerred liability
SZ created.” Within this context it appears highly desirable that warranty
cost form a separite line item in all procurements to permit these costs tc
be clearly identified and available for cost-of-ownership anziysis.

A series of changes is now being considered for incorporation into
ASPR 1-324 dealing with warranties, !$ Highlights of these possibie

13
Recommended by ASPR Subcommittee on Warranty.
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PROPOSED MIL-STD-)29E

ESSENTIAL COIMRENTS.

ADD PARA 5.2.2.12 - WARRANTED 1TEMS. When applicable,

boxes or packages containing warranted items shall be marked
as follows: (SEE FIG 4__)

THIS ITEM WARRANTED FOR.

(Days, Months, Hours, Miles)

WARRANTY TERMINATES.
{Date, Hours Operation, Miles]

Procurement Instrument No.

ADD 5.2.2.12.1 - Varranty information shall be marked
wvith green lett:rs (Fed. Std. 595 Color No. 14187) on yellow
background (Fed. Std. 595 Color No. 13655) and shall be included
with identification marking.

ADD FIG 4_

YELLOW BACKGI:QUND, o
(Fed. Std. 595

Color No. 1.3655) [TTHIS ITEM WARRANTED FOR
GREEN LETTERS

WARRANTY TERMINATES
(Fei. Std. 595
Coler No. 14187) ONTRACT NO.

FIG. 4___ WARRANTED ITEM LABEL

REASON: Extensive use of warranty clauses.in DOD contracts has
generated an urgent need to standardize the information
to be marked on the item and unit and intermediate
containers. Such information on the containers is

necessary to identify and manage items procured with
wa ~ranty.

EXHIBIT 1
PROPOSED .:IL-STD-129F
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changes included:

¢* ASPR 1-324 has been modified to clarify the DoD policy on
when a warranty should be used and how it should be structured
for better enforcement. The many factors now listed in ASPR
regarding the da2cision to use warranties have been reduced to
four basic factors -- nature of the item, cost of the warranty,
potential administration of the warranty, and trade practice.

°* New guidance has been included regarding the preparation of
warranty provisions when use of a warranty other than one of
the sample warranty clauses is required. These guidelines
include coverage of the extent of the contractor obligations,
the duration of the warranty, notice provisions for administra-
tion of warranty, and administrative techniques to enforce the
warrancy.

** The only significant policy change reflected in ASPR 1.324
is the citation that implied warranty of "merchantability"
and "fitness for a particular purpose" are negated in DoD
contracts. This has also been carried out by the recommended
change to Section 7, Part 1.

*¢ The only other significant change from curzent ASPR coverage
contained in the report is the recommendation that a provision
be incorporated into contracts containing warranty provisions
to the effect that normally the time period established for
discnvery of defects under the warranty provision will also be
applicable to discovery of defects under the "latent defects"
provision of the inspection clause. It shculd be required
that this provision be inserted in any warranty clause included
in a contract as authorized by ASPR 1-324.

Action will be taken to coordinate these changes with industry and
other Government agencies.

R. E. Biack conducted an audit of supplemental military documents
related to warranties.!* Table V highlights the documents found. His
overall conclusich was that only minimal information was available to
guide service personnel in the establishment and administration of
warranties.

4.10 Warranty Administration

Most warranty agreements are written in such a way that an interface
is created directly between the user and the vendor. However, in the case
of major weapons systems, it is possible that such agreements will be
placed with the prime, who in turn passes on warranty requirements to his

1s
R.E. Black, Study of Warranted Items, Management Intern Project, DSAS-AC,
September 1972.
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TABLE V

SUPPLEMENTAL WARRANTY PROCEDURES

Agency Provisions
Army None -- study in progress.
Navy NAVAIRINST 4330.16 -- NAVAIR Field Contract

Administrative Manual. Provides instructions
for handling warranty items.

NAVAIRINST 4275.2 -- Detailed instructions on
use of warranties.

NAVORD 4275.2 -- Similar to NAVAIRINST 4275.2

Air Force | AFM 67-1, Vol. 1, Part 1 -- Section V provides
step-by-step procedure on determination to use
warranties.

suppliers In the case of the airlines, the aircraft manufacturers will
negotiate the warranty agreements with their suppliers, but the agreements
will be passed on to the aircraft purchaser and subsequent administration
will be accowplished directly between the airline and the vendor. Military
warranty experience has been much more limited, and most known warranty
agreements have hbeen directly between the vendor and the using agency.

A warrancy claim is initiated with the using activity, which, upon
performing the aprropriate equipment task, determines that the system is
in non-compliance. Action then must be taken to package the item properly
and prepare it for shipment. Most military warranty plans in effect call
for the item to be sent back to the normal supply channels for dispatch to
the supplying contractor. As noted above, methods that would permit ship-
ment from the using activity to the contractor are encouraged.

Upon receipt at the vendor's plant, the unit undercoes receiving in-
spection to ascertain if the item is admissible under applicable warranties.
The major reason for excluding an item is that either the operational or
the calendar tine has expired. Assuming that this has not happened, the
material condition must be established to see if it falls within the failure
definitions defined by the warranty agreements. Most agreements exclude
damage in shipment, unauthorized modifications, etc. The several success-
ful contracts that have thus far been accomplished have established the
local plant DCAS representative as the final authority for determining
whether an item is admissible. In the event the contractor disagrees with
the DCAS representative's judgment, the standard contractual disputes clause
can be exercised.

Once an item has been admitted with an acceptable warranty, it is the
contractor's requirement to repair the item within a specified period. His
failure to do s> may invoke penalties that havs heen established concerning
turnaround time. It is noted in the case histories p.esented that penalties
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comprising monetary payment or the provision of additional warranty days
have been used where the specified turnaround time has not been achieved.

Warranty agraements that, in effect, guarantee stated levels of per-
formance such as MTBF require that proper data be acguired to exercise ap-
propriate judgment. The scope of such information was discussed in Sub-
section 4.7. As noted, because of problems with the current military data
systems, this form of warranty has seen little use,

In the event the contractor does not meet his obligation, default pro-
ceedings may be instituted against him. An alternative avenue would be the

requirement that potential contractors establish performance bonds in the
event of default. None of the cases examined required such extensions.
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SECTION V
ASSESSING THE ECONOMIC VALUE OF WARRANTY

5.1 INTRODUCTION

Although warranties offer a potential benefit to the military user, it
should not be assumed that this procurement vehicle is applicable to all
avionics procurements. High-reliability units, already in the inventory,
that can be quickly and cheaply repaired represent a case in which a long-
term warranty is probably not economical. This study has considered the
question of determining whether a warranty is economically attractive and,
if it is, the best warranty period. A preliminary Warranty Life-Cycle Cost
Model was developed for a failure-free type of warranty. This model, while
not complete in all respects, can serve as a good vehicle for providing
initial answers tc the economic question. The assumptions, development,
and details of this model are described in Appendix III. The basic ap-
proach and some highlights are presented in this section.

5.2 THE GENERIC LIFE-CYCLE COST MODEL

A generic model for life-cycle cost associated with acquisition and
maintenance can be written as follows:

Life Cycle Costs over (0, T) = Number of units bought % price per unit

+ Expected number of failures over (0, T)
X average cost per failure

+ Maintenance support costs over (0, T)

For any avionic equipment, reliability growth is possible through
engineering design, quality, or production changes, which we will generally
refer to by the term reliability modification. Reliability and reliability
growth influence the number of units (spares) purchased and the number of
failures that will occur. The modification necessary to achieve the reli-
ability growth is also generally a major capital investment.

5.3 LIFE-~CYCLE COST -~ NO WARRANTY

We now extend the generic model to consider life-cycle costs over a
period (O, T,) for a no-warranty procurement, with consideration given to
reliability medification, initial and recurring support costs, and amorti-
zation. The equation we developed for a no-warranty case is as follows
(the "o" superscript is used to denote a no-warranty procurement) :

9 =N, +c® +c® 4 A 4+ .o

ICCT PT MOD DMC Isu Tw CRSU w

w w
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where
LCC; = life-cycle costs over (O, Tw) for a no-warranty procurement
w
'rw = calendar time in months
. = number of units purchased
Cp = purchase price per unit

AT = amortization factor for (O, Tw) = Tw/Expected ecquipment life

el = expected amortized costs of reliability modification
c? = direct user maintenance costs
c? = initial support costs

c;SU = monthly recurring support costs

; Submodels are developed in Appendix III for obtaining N°, CIZOD' and

CDMU' all three Zactors depending on initial reliability and the time and
effectiveness of reliability modification. Since initial reljability (ex-
pressed by failure rate in the model) ia rarely known precisely, we allow
for a prior distribution of initial failure rate:

(pi- Ai) where p, = Prob (A = Ai], ? p; = 1.0.

5.4 MODEL DEVELOPMENT
The step-by-step development of the overall model is as follows:

l. User ~ost Per Failed Unit, C;U. This is the direct cost per

failure, including repair labor hours, materials, and necessary
shipping/handling costs.

2. Reliability Improvement Through Modification, M. If A is the
failure rate of the unit, we assume that a reliability modifica-
tion will reduce it to M\ (0<M<l). We have suggested one pos-
sible model for obtaining M as a function of current failure
rate and specified rate.

3. Modification Time Distribution, £(T ). The time at which a

reliahility modification can be int?oducod is assumed to be a
random variable that has a two-parameter exponential distribu-
tion.
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Cost of Modification, C(M). The cost of modification is assumed
to be a function of the improvement factor, M. On the basis of
limited data, we have developed one such function in the interest
of campleteness.

Procurement Size, No. The number of units purchased is based on
the number of operational units requii: 3 plus the expected number
in the pipeline (using Palm's equation). To obtain the average
number in the pipeline, we calculate the expected failure rate
over the equipment lifetime, considering the initial failure

rate (or prior distribution of failure rate), the probability

and time of modification introduction, and the modification im-
provement. Consideration is also given to a minimum spares
requirement.

Modification Strategy, lg. We assume that the user will request
a modification only if the cost of sucn modification is less than
the expected savings in repair costs. The development yields a
time interval (Ta,‘Tg) over which modification is profitable.

Ta represents the minimum time before a modification can be
introduced. T; represents the maximum time for modification if

A=,
i

Amortized Modification Costs, CM D The expected modification

cost is based on the initial failure rate, the cost for modifica-
tior if A = Ai [i.e., C(Mi)], the probability that a modification
is performed over (0,T ), and the amortization factor based on the
expected time of modification if a modification is performed over
D, T).

w

User Direct Maintenance Cost of c°

DMU The cost is equal to

0 0
N X Cpy Ho T,

where

N = number of operational units

X% = the average failure rate over (O, Tw)
C = the cost per unit failure
H_ = the unit operating hours per month

T = the number of months under consideration
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To calculite \°, we consider the initial distribution, (pi, Ai);
the possible improvement, M , associated with A ; and the proba-
bility that such an improvement will be initiated during the period
(0, T).

w

. . i nt
9. Support Costs, CISU,CRSU These costs involve test equipment,

training, handbooks, etc., that must be incurred initially, plus
recurring costs such as administrative costs and retraining.

5.5 LIFE-CYCLE COST WITH WARRANTY

For a warranty procurement, we assume that the user incurs the same
types of cost as for the no-warranty case axcept for direct reliability-
modification cost. Naturally, his direct maintenance costs will be much
less and so will his initial support costs, aspecially if the equipment
is new to the inventory. On the other hand, the user's recurring support
costs will generally be greater because of the cost of warranty administra-
tion. We also note that all costs expected to be incurred by the contractor
will be included in the contract price, burdened by fee and risk factor.

These considerations lead to the following life-cycle cost equation
(the "1" superscript is used to denote a warranty procurement):

1 o w! 1 1
7, N CPAT" + [Cyop * Cpus) R(T,) (1 +P)

LCC,

1 1 1
+ + +
Comu * Crsu "'rw Crsu Tw

where

(o = contractor direct warranty repair costs

|
DMC
R(T ) =risk factor contractor applies to costs for a warranty
period of 'rw 1onths

P = contractor fee

1

CMOD

= contractor costs for modificatiou, discounted and amortized

All other symbols represent the same factors as for the no-warranty case

except that the numerical values will generally be different, as discussed
above.

5.6 ILLUSTRATIVE APPLICATION

In Appendix III, four sample procurements are presented to illustrate
the application, and the type procurement, data inputs, and results are dis-
cussed in some detail. We present here highlights from one of these illus-
trative examples to indicate the utility of such a model.




This procurement represents a small purchase of a moderately priced,
moderate -MTBF unit that is already in the Air Force inventory. An attempt
was made to use as many data on the existing Air Force A24G-26 gyro war-
ranty prccurement as possible, but not all required data were available
{e.g., the current MTBF of the gyro under warranty was not obtainable at
the time of this study).

Table VI lists the data-input requirements of the model and the values
we used for this sample application. A conversational time-sharing program
in the FORTRAN language was developed to exercise the model. A number of
reliability and life-cycle cost factors are calculated and outputted. Of
particular interest are (a) the warranty cost savings (loss) for a warranty
period of Tw; and (b) the warranty indifference price, which is the unit

purchase pricue (including a warranty cost increment) that yields a life-
cycle cost for a warranty procurement over (O, Tw) that is equal to the

equivalent life-cycle cost for a no-warranty procurement.

Figqure 4 shows the warranty cost savings as a function of the warranty
period. For this illustrative application, the maximum saving of $12,550
occurs when Tw = 24 months, which is approximately 4.4 percen: of the cost

without warranty.

Figure 5 shows how the warranty indifference price varies with the
warranty period.

Table VII presents the computer output for a warranty period of 24
months.

5.7 MODEL-IMFLEMENTATION ASPECTS

While further developments of the life-cycle cost model are required
(see Section 18 of Appendix II1I), we believe that the life-cycle cost ap-
proach for assessing the economic value of warranty is required and is
possible. There is no question that warranties will involve additional
acquisition cost and that such cost increments will increase with the war-
ranty reriod. Should a warranty be used, how much it should cost, and what
the best warreznty period is are questions that can and should be answered
quantitatively.

Warranty pricing is essentially a task not any more difficult than
that which contractors and procurement officers face in establishing pro-
duction costs and contract maintenance costs and in determining the re-
quired number of spares based on expected reliability/maintainability per-
formance. The life-cycle cost model developed in this study provides a
vehicle that both contractors and military procurement of ficers can use to
make basic decisions on warranties and to establish a fair price.
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TABLE VI

DATA INPUTS FOR MODEL APPLICATION -- GYRO PROCUREMENT

Procurement B

Data Element Symbol Gyro
No Warranty Warranty
Unit purchase price C; 6,040 -t
Number of operational units N 100 100
Operating hours per month H° S0 S0
Equipment lifetime (months) TL 120 120
MTBF distribution (p‘:el) .51900 .51900
(92;62) .5;1350 .511350
Specified MTBF 0" 2,240 2,240
User labor hour. per failure I&‘U 60 2
User labor rate per failure (o 15 12
User shipping cost per failure CGU 20 10
User material costs per failure CI:U 250 0
Contractor labor hours per failure HLC -- 40
Contractor labor rate per failure CLC - 16
Contractor shipping costs per failure CGC -- 10
Contractor material costs per failure CEC == 175
Minimum modification time (months) 'ra k] k)
Failure rate improvement if A = A* n .90 .90
Minimum value of F.R. improvement factor M .25 .25
Rate for modification introduction 4 .042 .042
Factor to adjust modification costs for A - .80
warranty
Minimum number of spares Nx 20 20
Pipeline time (months) TP 2.0 2,0
Risk factor r 0.0 0.03
Contracto: fee P 0.10 0.10
User initial support costs CISU 20,000 20,000
User recurring support costs CRSU 500 800

tcalculated by model.
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TABLE VII

SAMPLE COMPUTER OUTPUT

#¥#¥ LARRANTY PERIOGD = 24 MOS. #nrun
MID.TIME INTERVAL, (M2S)
NO@=vie WRNTY.
1 21.0 0.
2 21.0 0.
N3 VWARRANTY YARRANTY
AVGe MI'BF=(C0,TW) 1146.75 10%80. 00
DIRECT M COIST-USER 122433 3773
DIRECT M COST-CNTR. 0 921667
EXPCTD. MOD.COST TATAL AMIRTIZED
USER (K=0) 36388 4050
CNTRe. (K=1) 0 0
TITAL VONTHLY T23T.SUP. % .SUP. UNIT
CasTca)y CISTCA) CNST(a) C2ST A) PRICE
N2 WARRANTY 287444 11977 138433 5768 6040
WRNTY 24M0S. 274912 11455 22978 957 6931
WRNTY« PRLCE INCREMENT/YRe (PCT. )= o« M
TOTAL CISTS Y/2 AMORTe--NT W30 915622 854752
WARRANTY SAVINGS (TIT. AMIRT.COST) $ 12532

INDIFFERENCE W.PRICE=S
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 GENERAL CONCLUSIONS

The extensive airline experience with warranties on avionic equipment
and the limited but successful military experience definitely establish
the value or this type of procurement.
fits are directly related to the reliabi
The current military procurement methods
In fact, it has been arqued that the mili
profit by delivering the lowest reliabili

Y problems with little or no con-

In addition, if a modification to improve reliability is

deemed necessary, this cost is also directly borne by the military buyer.
Although the airlines also suffer monetary losses when equipment fails, the

The military procurement pProcess definitely uses competition for both
R&D and production contracts. (One interviewee stated that production
procurements have become virtual auctions, with low bidder taking all). The
airlines have been able to foster a different type of competition. First,
they mainta.'n competition in design type into production through their form-
fit-and-function specification. If one vendor's design is unsatisfactory,
they can buy ano:her vendor's product (design) and install it without air-
craft modification. A second aspect of the competitive environment is that
the product's performance is a factor in future procurements that the
airline may make. These factors, coupled with the warranty effects on pro-
fit, provide the motivation to produce superior products.

If, as noted in Sect .on III, a good summary statement on the purpose
of warranty is that warranties extend a supplier's responsibility to include
field performance, what are the benefits that will accrue in military
procurement? The major benefits include demonstrated higher reliability
and reduced life-cycle cost. Because a greater commitment is made by a
contractor who enters into a warranty agreement, it is believed that the
use of such prov.sions may discourage the marginal producers who now plague
the low-price competitive-bid Procurement situaticn. We basically believe
that most of the warranty benefits airlines receive will extend to the mili-
tary environment. It is emphasized, however, that in addition to warranty,
th~re are other factors in the airline procurement environment that exert
strong influences on avionics reliability, life-cycle cost, and contractor
selection.
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6.2 SPECIFIC CONCLUSIONS

Conclusions drawn from this investigation of warranty practices in
the airlines and the military are enumerated below.

6.2.1 Warrantx Use

Warranty practice is deeply rooted in U.S. commerce, tracing its
history from implied warranties to expressed warranties in terms of the
Unif~rm Sales Act and, more recently, the uniform Commercial Code. Airlines

make extensive use of warranty not only for avionics procurement but for a
wide range o’ other commodities. .

6.2.2 Reliability Incentive

There is no certain answer to the question of how much reliability
incentive warranties provide for airline avionics., Most vendors believe
that there is definitely an incentive, but it is difficult to separate it
from the incentive competition produces. Current vendor reliability
practices concerning design, supplier control, production control, and test
and inspection have evolved in conjunction with increased airline dependence
on warranties. For the military, attempts to provide reliability incentive
through reliability demonstration-test provisions and financial incentive/
penalty contracts have not yielded the long-term success desired.

The current military approach is based on iaitial reliability. A
failure on a demonstration test is often waived because of schedule commit-
ments, or a contractor proposes a design or production change and is allowed
. a retest. Statistically, he will eventually pass the test even if the
] changes are of nc value. More important, a controlled or semi-controlled
test environment differs tremendously from military usage in the field.

! The fact that military suppliers will suffer reduced profit for failures
that occur in the field during the warranty period must provide some posi-
tive incentive for reliability and also force them to consider the real use
environment. The attractiveness of the strategy of "buying in" and reaping

a large profit on spares and reliability design modifications is essentially
eliminated.

6.2.3 Reliability Growth

Since the military supplier will suffer expense for failure of warran-
ted units, he is deeply interested in introducing design/production changes
that will increase the MTBF and will do so if the cost of such introduction
is lower than the savings in warranty-repair costs. Also, if the supplier

] is performing the repair of warranty units, he is intimately aware of

failure modes, patterns, and trends as they are occurring in field usage

and is therefore more knowledgeable in developing appropriate modifications
to improve re .iability. One of the fundamental premises in the concept of
encouraging reliability growth through warranties is the ability of the

contractor to implement reliability improvements subject only to the timely
approval of the cognizant military.




It is generally recognized that airlines obtain a higner reliability
than the mili*tary achieves with comparable equipment. Data we have analyzed
support this ract. Fcr functional comparisons where accomplishment is pro-
vided by identical systems, the MTBF ratios generally favor the airlines by
a magnitude of 2 or 3 to 1. Comparisons of functions in which a military-
conceived system is related to an airline-formulated specification shows
that these ratios are on the order of 5:1 to 8:1. It is believed that the
airline's ability to maintain competition into the equipmer.it production
phase accounts for a major portion of these observed ratios. It is also
held that the use of warranties has clearly contributed to this observed
achievement.

6.2.4 Maintainablility Incentive and Growth

The maintainability characteristics of the equipment will benefit from
a warranty provision for the same reasons that the reliability benefits.
Any reduction in labor hours or matcrials in repairing equipment will irn-
crease contractor profits. On the Navy/Lear Siegler warranty contract on
gyro overhaul, the labor hours were reduced from 80 hours to 40 hours by
the contractor with apparently no reliability reduction. Shorter contractor
repair times yield better equipment availability to the user and will carry
over to some extent if and when the user assumes repair responsibilicy.

6.2.5 Minimal Initial-Support Irvestment

If the supplier is to provide repair services over the warranty period,
savings in repair facilities and equipment, handbooks, training, and spare
parts inventory will accrue. The investment for such items can be substan-
tial. If the options for warranty renewal exist and are exercised, such
investment nced not he directly made, with costs possibly being spread across
a broader customer base. Even if the military using activity is to take
over the repair burden after the initial warranty period expires, it can
gradually build up a maintenance capatility that will take advantage of the
supplier's experience. Also, the military may take over maintenance after
reliability and other modifications have been introduced. Since support
investment will be geared to the current, stabilized design, the amounts
now wpent on changes to test equipment and maintenance manuals and retrain-
ing of service personnel will be saved.

6.2.6 Life-Cycle Cost Control

With a warranty provision that applies over a significant time period
and with options for renewal, the military user can be much more confident
in controlling costs for a significant number of life-cycle cost elements.
This is a simple recognition of the fact that a major portion of the repair
funds has already been allocated with a warranty provision. If appropriate
analysis of a warranty cost proposal has been made, presumably these costs
are not s‘gnificantly greater and probably are lower than corresponding
cost without warranty.




6.2.7 Contractor Benefits

If warranties benefitted only the user, there would be little likeli-
hood of their acceptance by manufacturers. (n pricing the warranty-cost
increment, tl.e contractor estimates all costs associated with the warranty
clause, and to these he adds his normal profit factor, perhaps augmented
by a risk factor Jependent on ‘he length of the warranty period. If the
reliabxlity/maintainability characteristics of his product are equal to the
initial estinates used for pricing, the contractor realizes a fair profit,
Since these initial R/M estimates will generally require military approval,
the user will also be satigfied. If the product exhibits better R/M than
anticipated (perhaps after "no charge" contractor-introduced modifications),
contractor profits are increased and the military user achieves better
operational effectiveness than expected at no additional cost.

These remarks are not merely hypothetical allusions. The Navy/Lear
Siegler warr:nty contract on gyros discussed in Section IV has resulted in

reduced Navy hour'y support costs and improved MTBF, and it has yielded
the contractor a very satisfactory profit.

In addition to the profit potential, a warranty provision offers to a
contractor a long-term stabilized work flow. Furthermore, by continued
attention to the operational reliability ang maintainability characteristics
of equipment in the military environment, the contractor accumulates exper-
tise that should yield benefits in new procurements.

6.2.8 Economic and Military Manpower Impact

If warr:nties are applied on a large scale, a significant portion of
the dollar expenditure for equipment maintenance will transfer directly to
the civilian economy. The economic impact of this possibility is certainly
an area for further research. In the same vein, extensive warranty use will
tend to reduce greatly the requirements for military maintenance personnel.
With the recent elimination of the draft, an approach that reduces the need
for skilled military personnel offers attractive possibilities.

6.2.9 Design to Cost

We have encountered some comment that including a warranty clause in
a procurement contract would conflict with the prevailing "design to cost"
philosophy. We believe that a warranty provision not only complements

design-to-cost but provides, finally, a strong rationale for the low-bidder
approach to source selection.

With design-to-cost, unit purchase price becomes the equivalent of a
performance parameter. Purchase Frice plus the increment due to warranty
yields a much more relevant dolla:c ‘nvestment value in the low-bidder con-
cept than purchase price alone. The purchase price vlus the warranty in-
crement would actually represent a significant portion of the life-cycle
costs that accrue over the warranty period. We therefore believe that there
is merit to requiring separate cost proposals for purchase price and war-
ranty-price increment in order to evaluate conformance to an existing

56

g =



design-to-cost requirement and stili provide a basis for realistic cost
evaluation.

6.2.10 Warranty Jvoplication

To achieve a more workable warranty, it is important that the agree- 1
ment be established with as few exclusions as possible. Although this may !
be more costly initially. it is believed that in the long run it will be -

more profitable because it eliminates disputes and the situation in which !
material is tied up while the disputes are being resolved. Additionally, ]
broader coverage is expected to reduce the administration cost attendant
to monitoring the warranty program.

Although the warranty period that optimizes the life-cycle cost savings
is a function of several variables, it is important that the warranty period 1
be established for a long enough period to permii securing the benefits that
a warranty may provide.

To use warranty eifectively, the product must have reached at least
initial denign stability, and it must be possible to make reasonable esti-
mates of its exdected performance characteristics. This clearly indicates
that warranties should be applied to only production contractual situations.

Since warranties represent a prepaid maintenance cost, if proper claims 1
are not exercised, then this represents money spent for which no return is
achieved. To be effective, it is necessary to establish the proper admini-
stration procedures in association with securing warranty contracts.

6.2.11 Warranty Cost

It is clear that the warranty provision costs th. contractor additional
funds, which are generally added to the initial purchase price. These costs
typically may ruange from 4 to 10 percent of the initial acquisition price per
year of coveragc.

The airline industry is convinced that warranties pay dividends over
the added cost that they place on acquisition. Further, thcy view warranties 3
as a type of insurance that provides protection against systems which may
give them serious problems.

6.2.12 Warranty Acceptance

Military-equipment contractors will general.iy be willing to respond
to procuremsnts containing warranty provisions. However, tney all stressed
the importance ¢f clearly specifying the use environment. .ost contractors
would be reluctant to permit military maintenance organizav:ons to accomplish
warranty reovair for which the contractors are liabla for ruvimbursement.

6.2.13 Warranty Application Problems

We now consider the possible special considerations, problems, and di -
advantages associated with warranty clauses in military procurement of
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avionic equipment. A detailed discussion of each is presented in the
following paragraphs.

6.2.13.1 DisEutes

Unless a warranty provision is very broad in coverage, the vendor may
honestly believe that a warranty claim is not valid. This situation will
occur most frequently when the equipment fails because it is exposed to
environmental stresses that exceed anticipated levels. User damage caused
by mishandling, damage while in transit, and questions involving warranty
termination may also lead to disputes.

With regard to environmental stress, the approach that avoids most
disputes is to include all failures as relevant except those types which
are specified in detail in the contract. Besides the advantages of mini-
mizing disputes, this type of broad coverage forces the contractor to con-
sider environrental extremes in his design/modification strategy. It
would be quite natural to exclude failures due to obvious gross abuse,

combat damage, unauthorized or improper user maintenance/repair actions,
etc.

The policy of providing the resident Defense Supply Agency Quality
Assurance Representative with authority for judging the validity of a
warz#nty claim has worked well in several military warranty procurements.

The contractor naturally has the right to appeal under the military con-
tract provisions

6.2.13.2 Warranty Administration

There 16 no question that administration of a contract with warranty
provisions introduces additional administrative problems if for no other
reasou than that it represents a departure from current practice. Although
shipping a warranted unit back to the vendor for repair should not involve
any greater proccdural difficulty than shipping a non-warranted unit back
to a depot for repair, some special administrative actions will be required.
First, it is most important that the warranty items be clearly identified
to minimize losing warranty be. .fits. Maintenance and supply personnel
must also be trained in hardling and shipping warranted units so as not to
void the terms of the warran:y. The special data requirements of warranty
clauses will also require administrative action. Finally,responsibilities
anc procedures for warranty contract disputes should be addressei.

6.2.13.3 Warranty Procurement

Procurement with a warranty provision introduces camplexities not
normally 2ncountered. A fixed price is being paid for future guaranteed
services. This creates problems in funding, in legal questions, and in
assessing the realism of the price and the value of the warranty. The
fact that several warranties are now in progress for several years and will
be renewed, and others a-e just now being implemented, suggests strongly
that these procurement difficulties can Le overcome. However, some of

these procurements involved intensive government effort to circumvent or
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resolve the procurement problems. Changes in ASPR and decisions on fund-

ing should be made as required to allow for routine treatment of procuring
under warranty.

6.2.13.4 Unverified Failures

The rate of unverified failures is quite large, both ir military and
commercial applications. The handling, shipping, and test costs that will
be incurred by the military for such unverified failures sent back to the
contractor can be significant. In the current Navy ASO/Lear Siegler war-
ranty procurement, no additional cost is incurred to the Navy for unverified
failures. 17The philosophy behind this approach is to involve the contractor
directly in this problem so that he will institute design changes or recom-
mend maintenance procedures that will reduce the unverified failure rate.!$
Also, this approach eliminates one significant area of possible dispute.
While its purpose is laudable, most contractors would probably prefer speci-
fic authority to charge the military for unverified failure actions rather
than attempt to estimate such costs in their warranty pricing.

6.2.13.5 Pipeline Time

An often expressed concern of contractor repair with warranty is the
greater pipeline time such procedures will yield. When unit repair can be
performed at the flight-line or organizational level, this may be true.
However, for deput repair, .we see no particular reason for any appreciable
difference in pipeline times; and in some cases contractor repair can pro-
vide significant reductions. To reduce pipeline time, sever:l contractual
and procedural policies can be adopted.

One procedure commonly used by “he airlines is to include a guaranteed
contractor turnaround time with a penalty for failure to comply. Airlines
use a spares-consignment approach, although a financial penalty is also
possible. It would probably be to both parties' interest also to include
some positive financial incentive for ~aduced turnaround time.

Another procedure is for the contractor to maintain a pool of rotable
spares purchased by the military. Upon failure of a warranty item, the
contractor is TWX'd by the using activity and a replenishment unit is
shipped immediately to the using activity. After receipt and repair, the
failed unit enters the rotable pool. This pipeline management approach is
to be tested soon on A-7E avionics through a program known as CLAMP {Closed
Loop Aeronautical Management Program).

6.2.13.6 Reduced Military Self-Sufficiency

There is no question that the military will suffer reduced self-suffi-
ciency over the warranty period when contractor repair is the usual warranty
procedure. We shall not attempt to explore the raticnale of the need for
such self-sufficiency but do note that in World War II, and in the Korean

130. Markowitz - Aviation Supply Office (Navy) - Philadelphia, Pa.,
personal interview.
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and Viet Nam conflicts, reliance was placed on elements of the civilian
sector to perform operational maintenance functions on military equipment.
The possibility of a strike, bankruptcy, or natural disaster that may
afflict the contractor is a factor that must be considered.

Yet many currant programs involving complex equipment depend heavily
on the contractor for maintenance service, Spare parts supply, and technical
consultation. Certainly, the military using aciivity can contract for con-
tinual maintenance training of key military personnal by the manufacturer

during the warranty period as a protection against sudden and compiete loss
of repair capability.

6.2.13.7 Dpata Requiraments

Some of the current warranty programs in the military require fairly
extensive dat: reporting and analysis Procedures. This was partly due to
the experimental ploneering nature of the long-term warranty provision
that was involved. It igs believed that both parties considered it necessary
to collect enough data to detarmine the value of the warranty clauses.

However, there are data requirements that are a direct result of warranty
provisions and some others that should be considered.

If operating hours are included as a warranty basis, this type of
data must be collected. Secondly, the contractor would be most interested
in obtaining use information concerning failures so that he may have as
much information as possible for instituting design improvements. Thirdly,
if options for reanewal exist, in order to develop an equitable price
structure, the history of previous warranty practice would be pertinent.

6.2.13.8 Effects on Small Contractors

We believe that there is some element cf truth to the statement that
a long-term warranty provision ma; present possible risks to a smail con-
tractor that would discourage his enterirg the procurement competition.
Certainly, large companies can better absorb the losses a warranty may
Cause if unanticipatead reliability problems are encountered. Yet many
large companies essentially consist of much smaller profit-centered organi-
zations, making overall size perhaps less important than it first appears
as regards decisions on bidding with a warranty provision. We must also
note that many small avionics vendors do ssll to airlines with warranty

provisions much more comprehensive and penalty-structured than curreni.ly
envisioned for military procurement.

6.2.13.9 Compliance Allurcncg

Use of warranties is recommended becauss of their ability to couple

the vendor to the reliability-growth procsss of his product, providing
profit incentives to maximize performance. The employment of performance
bonds to assure warranty compliance is considered contrary to the spirit of
the basic objective. .¢ is recommended that the govermment act as a self-
insurer with respect to assuring compliance with the warranty terms. Use

of partial withholding of payments for warranty cost would reduce risk in
the event of vendor non-compliance.
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6.3 RECOMMFKDATIONS

A number >f recommendations are made in this section with regard to
the future use of warranties for military avionics procurement.

6.3.1 Wwarranty Application

The expanded use of failure-free type warranty is recommended since
it is the type most easily administered and is most compatible with existing
supply and maintenance administration systems. MTBF, MTBUR, and cost-type
guarantees should be considered only if improvements in current data and
record-keeping procedures can be made. Warranty provisions should be
applied only to fixed-price production and maintenance contracts.

6.3.2 Aplication Criteria

Criteria for selecting equipment that would be candidates for warranty
coverage are enumerated as follows:

* The unit should be field-testable.

»+ Moderate to high initial support cost should be required.

* The unit should be readily transportable to permit returning
to the vendor's plaut.

* Thre unit should be generally self-contained and not highly
dependnnt on outside units to perform major functione.

* The equipment maintenance concept and reliability characteristics
should permit achieving readiness requirements in an economic manner.

+ Specific knowledge concerning the unit application in terms
of expected operating time and the use envirorment is necessary.

+ The product must be sufficiently develop’ ' that reasonable
estimates of the expected reliability and .aintainability may
be made.

6.3.2 Warraanty Provisions

warranty provisions for avionics systems should contirnue to exclude
consequential damages. Warranty plans should be formulated to provide the
fewest exclusions possible.

Unless the unit has a very low MTBF and high-cost transportation prob-
lems, it is best to have the vendor perform the repair at nis plant. For
the very-low-MTBF, complex units that would cause difficulty in shipment,
vendors possibly can have persornnel located at rajor Air Force centers.

Future warranty agreements :'~uld place constraints ca the turnaround
time the vendor must achieve on units returned or warranty r‘epairs. The
use of a consignment-spare penalty is suggested since such an arrangement
will maintain rdequate systems support to offset spares unavailability due
to lagging turnaround time.
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For warranty returns, the vendor should pay for shipping back to the
user. Negotiatious on who pays transportation charges to the vendor should
be conducted for each application.

As a very general rule of thumb, the warranty period for a failure-
free type warranty should be at least three years for new units. However,
this figure inay actually be increased or decreased if a detailed warranty
cost analysis is performed to show that the optimum period is some other
value. For older, proven systems, it is possible that this warranty
period of three years may be reduced. Unless there is a great possibility
of variation in operating hours, it is suggested that the warranty period
be based on calendar time.

If the procduction run is not too extensive (one year), it is probably
best to use a single warranty start time, such as average production deliv-
ery dete. Therefore a single warranty end-date will be in force, rather
than dif{ferent werranty end-times for the units.

6.3.4 Warranty Procurement

On research and development projects, the government should state its
Intention of incorporating warranty provisions in the production contract.
In this manner, the developing activity will design the product with the
thought of warranty profit through good R&éM characteristics.

A cost analysis such as that outlined in Chapter V shoull be performed
for each pros>osed warranty application. Such an analysis investigates the
relative cost in warranty and non-warronty situations and examines the cost
of varying warrarnty time periods.

Warranty costs should be priced separately so that appropriate warranty
and life-cycle cost analyses can be performed. This will also permit an
evaluation of a design-to-cost requirement.

In the procurement contract with warranty, options should be provided
for warranty renewal. However, it is probably best to leave the terms of
such renewal open for negotiations based on the results of the initial war-
ranty period.

6.3.5 Wwarranty Development

A warranty administration guideline should be developed to provide
instructions to procurement, supply, and maintenance personnel with standard
procedures and quidelines for securing and administering warranty contracts.
A further part of this effort would be the formation of a set of standard
terms and definitions applicable to the various warranty plans.

Efforts should be made to standardize the item and packaging warranty
marking.

A treining program shoulc be considered for key procurement, supply,
and maintenance personnel relative to the use ol warranty procurements and
administration.




Additional emphasis should be placed on the A lity to provide 1 the
field unambiguous gqo/no-go testing for warranty-covered items (non-warranty
items would materially benefit from such an effort as well).

Service data systems ard data-analysis products should be reviewed to
determine how they can be modified to provide data products to support war-
ranty administration. As an interim measure, warranty contracts siould

continue to require contractor-supplied data products to describe equipment
performance.

DoD should promulgate a policy statement encourajing the expanded use

i of warranties. Final clarification should be provided 1in regard to warranty
funding. The recommended course of action is that initial production systems
be funded with productici monies, but that warranties on subsequent replenish-
ment buys and warranty renewals be funded with 0&M funds.

A study snould be initiated to review and possibly eliminate or simplify
some of the current R&M production testing and documentation requirements
when warranty provisions are in effect.

6.3.6 Phase II Recommendations

This report constituted the completion of a Phase I effort directed
toward an initial review cf warranty usage in the airline community and the
military as well. As part of this effort, it was established that 1t is
possible to determine the value of warranty on an economic basis. Chap-
ter V of this report presents an initial effort towards eviluation of the
costs associated with the failure-free type warranty plan. Aithough Phase I
was a limited effort, it was found that data are available %o support this
type of analysis. It is thus concluded that a Phase II effort would be of
value in providing a more in-depth analysis of alternate warranty plans,
including a validation through the application of the models to a selected
equipment development program. Deta. ls of the Phase Il program were for-
warded under separate cover to cognizant program monitors.
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APPENDIX I

AIRLINE WARRANTY AGREEMENT

Exhibit I-1, presented on the following pages of this appendix, is an
example of a comprehensive airline warranty agreement. It contains most
of the provisions commonly used at present in the airline industry.
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I. WARRANTY

Exhibit I-1

A COMPREHENSIVE AIRLINE WARRANTY AGREEMENT

1. The "Seller" warrants each system, component, and
spare part furnished to the "Buyer"

a,.

to be free from defects in material and workman-
ship, and manufactured in conformance with all
applicable drawings, specifications and other
written agreements;

for a period of 36 months after delivery or 8000
operating hours, whichever shall first occur;

to be merchantable and suitable for the particular
purpose for which designed; provided that such
products are installed, stored, maintained and

used in accordance with any service and/or overhaul
manuals, service bulletins and information letters
furnished by Seller, and provided further, that
such products are not modified in any manner by
the Buyer, and that such products are not installed
Oor used in any manner not reasonably anticipated

by the atove referenced instruc.ions and specifica-
tion requirements;

that should any such defect develop in those pro-
ducts within the time specified above, where such
products are installed, stored, maintained and uszd
In accordance with Seller's written instructions,
and are installed and used for the purpose for which
deslgned in a manner reasonably anticipated by such
instructions and by Seller's specification require-
ments, then Seller agrees to repair or correct such
defects, or to exchange such defective part or pro-
duct subject to the terms of Section II -- Warranty
Administration.

2. Any procduct or part approved by seller for repair or

exchange under this warranty will be repaired or exchanged
without cnarge, but in no event shall seller be liable for

any consequential or special damages due to said defects.
The purchase and acceptance of seller products shall con-
stitute a walver by the buyer of any and all claims
against seller for any such consequential or special

damages.

This warranty is intended as a product warranty

only, and seller makes no warranty against latent defects

in, or against injuries to property or persons resulting
from, any use of such products.

66

1
- R T——— - . . . - p— J




IT.

Exhibit I-1 (continued)

The rights and remedies of Buyer and of Seller by this
Warranty shall not be exclusive of other rights and
remedies provided in law or equity, except to the extent
that the warranties of Seller or the rights and remedies

of Buyer are expressly limited by the provisions of this
Warranty.

-his Warranty shall inure to the benefit of the Buyer,
its successors ard assiens.

WARRANTY ADMINISTRATION

1.

n

The Warranty set forth shall be admiristered as hereinafter
provided.

All warranty repairs, corrections, and replacements will be
at Seller's expense, provided that such defective part or
product is delivered prepaid to Seller's designated main-
tenar.ce and overhaul representative. The return by
Seller to Buyer of corrected warranty equipment will be
made at Seller's expense to Buyer's facility. Warranty
claim determinations will be reasonably made based upon
reports from Seller's regional representative, hictorical
data logs, inspection, tests, finding's during repair, and
failure analysis. In the event that the defect or failure
cannot be confirmed, then Buyer shall bear the expense

of shipment to Seller's factory and return shipment to
Buyer's facility, plus the cost of testing the returred
part or product.

Systems, LRU's, or parts presented for repair will be
accompanied by the fcllowing documentation;

a. A written request for repair under Seller‘s warranty.

b. Nomenclature, serial number and part number of the
LRU.

c. Reason for removal, including a brief description
of failure data.

d. Buyer's name, aircraft registration numoer, and
location of facility at which the unit or assembly
was removed.

e. Location to which unit or assembly shoula be returcd.
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Exhibit I-1 {(continued)

If 1t 1is reasonably determined in the Joint judgment of
the Buyer and Seller that it is not rractical to return
the unit or assembly to Seller's plant for repair, Seller
shall (a) effect repair or correction at Buyer's loca-
tion, or (b) repair shall be effected at Seller's field
repair location, or (c) Buyer shall effect repair at his
facility subject to the terms hereof.

If Buyer elects to utilize option 4 (c), the following
shall apply:

a. Buyer will make a consclentious effort to establish
the cause of failure, extent of failure and the re-
Sponsibility of the failure. This information, along
with part number, serial number and functional test

data (where applicable), will be submitted to Seller
with each claim.

In the event that Seller is responsible for all or
part of the failure, Buyer is authorized to make such
repair as is required and invoice Seller for 1its

Just share of responsibility under the terms of this
Agreement.

Werranty repairs consuming less than three (3) hours
shall not be considerzd a part of this Agreement
unlesc a repetitive type failure prorlem occurs.
Scheduled "Unit Bench Test" and/or "Shop Checks"
shall not be considered a part of this Agreement.

For purposes of this Warranty, a "repetitive failure"
shall be one which occurs two -r more times in the
same unit within a sixty (60) day period.

Units repaired under this Warranty shall be on an
"Inspect and repair as necessury" basis,

If a unit has a malfunction and is overhauled by Buyer
within the warranty period at Buyer's option, Seller
shall not be responsible for any portion of the labor
expended other than that portion directly related to
that malfunction which caused removal of the unit

from its place of installation,

"Repair" is defined as the minimum labor necessary to
return a unit to a serviceable condition.




Exhibit I-1 (continuad)

A written "WARRANTY REPAIR CLAIM" (3 copies each)
shall be submitted to Seller (Attention: Manager,
Product Support) requestirg a credit to the Buyer's
account equal to the number of direct lebor hours
expended multiplied by an hourly rate establiched
as set forth in paragraph h. hereof.

For repair of "in-warranty" units pursuant to the
terms hereof, Buyer shall be reimbursed at a nego-
tiated annual hourly rate per man-hour of repair
and test, with no overtime provision.

For any single repsir incident, the maximum number
of man-hours for which repair and test reimbursement
will be provided is six (6) man-hours.

After repair of each unit by Buyer, the remainder of
the original warranty will apply, except for ensuing
failures resulting from Buyer workmanship.

Reimbursement for warranty repairs shall be made by
credit memo every sixty (60) dayc.

Buyer shall summart  :, month by month, for reimburse-
ment purposes, all repairs performed during the period
of validity of this Agreement.

All values shown in claims must be in U. S. dollarc.

Seller reserves the right to:

1. Assist in the verification of findings, and to
periodically witness the repair of units.

2. Review each claim in detail, including request
for additional data, prior to final acceptance.

Reimbursement of failed components.

1. Replacement will be on exchange basis, at no cost 1
to Buyer. A copy of the warranty claim should |
accompany the falled components. Tnie replacemer! {
should be done simultaneously with the warranty
claim whenever possible.

2. Products deemed defective by Buyer must be returncd
to Seller freight prepsid. After repalr or replac:-
ment, Seller shall return such products fre isht

prepaid.
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Exhibit 1-1 (continued)

III. GUARANTEES

1.

Rellability Guarantees

Seller will guarantee the LRU's as shown below. The
MTBF 1s applicable to the average MTBF of all Seller's
LRU's in operation by Buyer throughout the applicable
period,

Guarantees

On Aircrart Labor X man-hour/flt. hour
Off Alrcraft Labor X man-hour/flt. hour
Material Maintenance x dollars/flt. hour
MTBF - 0-24 mos, x hrs, 80% growth curve
25-60 mos, x hrs, 80% growth curve

Administration of cost guarantee to be 1n accordance with
ATA Spec. 200, Chapter s Plus X percent deadband over
guarantee and subject to normal escalation which shall
not exceed x percent per year,

As a prerequisite to participation in this program, Buyer
will provide System failure data from the date Buyer's
first certificated alrcraft enters revenue Sservice. The
data will be of sufficient detall to determine MTBI and
any additional spares required,

Spares provisioning will be determined by Buyer, and will
be based on the MTBF guarantees set forth in Paragraph 1,
as modifiled by other program factors determined by Buyer.

Support is to be based on the data provided by Buyer in
accordance with Paragraph 2, and such data will be used
to compute any additional Spares requlred. Such spares
w1lll be made available on a no-charge consignment basis.

MTBF measurements will be based on g monthly measurement
corresponding to a three (3) morith moving average.
Seller's obligations under the MIBF guarantee program

the table set forth in Paragraph 1, are achieved over
twelve (12) consecutive monthly measurements commencing
no earller than the 25th month after introduction of
Buyer's aircraft into revenue 8service,




Exhibit I-1 (continued)

The specific provisions for measuring the MTEF are as
hereinaiter set forth:

a. Calculation of MTBF

The LRU MTBF is defined as the total number of LRU
operating hours in a specified period divided by the
total number of confirmed failures in the specified
period.

b. Definition of Failure

The following failure definitions and conditions
shall apply:

(1) Confirmed failure - An LRU removed from an air-
craft for suspected failure shall be deemed a
confirmed failure when, upon being subjected to
test in the condition removed from aircraft, it
is unable to pass the test for that LRU speci-
fied by Seller's Overhaul Manual supplied to
Buyer or other mutually agreeable test procedure.
The specified test must be comparable in scope to
Seller's acceptance test for production equipment.
Tests may be performed in Buyer's facilities or
those of its FAA approved designee or those of
Seller,

aa. Failure caused by improper repair, service,
handling or overhaul by Buyer personnel or
Buyer's designated facility other than Seller
is not a confirmed failure for purposes of
MTBF determination.

(11) Irrelevant Failure - Irrelevant failures sha.l not
be counted in the MTBF determination. Irrelevant
fallures are defined as follows:

aa. A fallure caused by a condition external to
the system, such as improperly supplied power,
lmproper interconnecting wiring, or improper
operation of the system.

bb. The fallure is a dependent (secondary) failur
resulting from an independent (primary) failur:
within the same LRU provided that the indep-r
dent (primary) failure 1is specified. A
dependent failure occuring in a separate LRU
from the LRU in which the primary confirued
failure occurred shall be considered a f= lure,
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Exhibit I-1 (continued)

Minor Failure - Minor failures shall not count in
the MTBF determination. The following are con-
sidered minor failures:

aa. Certain part failures which do not in any
way affect the normal functions and perfor-
mance of the system and which can be repaired
without removal of an LRU from the aircraft
and which do not cause aircraft delay.

Additional Requirements - At all times while in
Buyer's possession the equipment shall be subjected
to ar environment within specification requirements.

an environment in excess of that specified will not
count 1n the MTBF determination. Failures resulting
from accident, or improper maintenance shall

not count in the MTBF determination. Operation and
maintenance procedures shall be in accordance with
the aircraft operating and maintenance manuals and
with Seller's maintenance and overhaul manuals fur-
nished to Buyer. 1In the case of conflict between
egircraft manuals angd Seller's manuals, the Seller's
manuals will prevail.

In the event the average MTBF calculated for any LRU's
in operation in a calculation period is less than the
guaranteed MTBF, Seller shall consign additional spare
units at no charge based on the following formula:

n = NS G-A
G

n - Maximum number of additional spare LRU's to be
consigned to Buyer under MTBF guarantee program.
This number shall be rounded to the nearest whole
number, but not less than 1, and shall not exceed
100% of spare LRU's procured as of the date of

- MTBF calculation.

Ns - Total number of Spare LRU's procured by Buyer as

of the date of MTBF calculation.

G - Guaranteed MTBF for the LRU.

A - Actual calculated MTBF for the LRU.
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Exhibit I-1 (continued)

b. Failure classification will be mutually agreeable to
Seller and Buyer. If no azreement can be reached,
chen falled unit shall be subject to failure analysis
prior to classification.

c. If additional consignment units are required to be
furnished by Seller to Buyer here inder, Scllier shall
ship such units to Buyer as soon as reasonably pos-
sible, but no longer than 60 days aftes completion of
the MTBF calculations by Buyer. Bujer shall notify
Seller if the indicated number of consignment units
exceeds Buyer's requirements, in which case, Seller

shall be obligated to supply only that quantity re-
quired by Buyer.

8. Return of Consignment Units

Any LRU's consigned under the provisions of Parasraph 7,
shall be shipped to Seller as soon as possible, but no
later than 60 days after an MTBF calculation in which the

system meets or exceeds the previous internal MTRF calcu-
lation.

IV MANUALS, DATA, TECHNICAL ASSISTANCE

1. Seller shall furnish, at no cost tc Buyer, a reasonable
quantity of sets of all operating, maintenance, overhaul
and parts manuals conforming to ATA Spec 100 required for
the Installation and maintenance of the units. Service
bulletins and such revisions to the above manuals and data
as may be necessary to reflect revisions in operating,
maintenance, or installation procedures shall be furnished
promptly.

2. Seller shall provide the minimum eri;ineering information
and data necessary for the installation, service and
repair of subject equipment by Buyer.

V. PATENT PROTECTION

Seller agrees to indemnify and hold Buyer harmiess from and
against any and all loss, cost, damaze, ~xpense and liability
(including reasonable attorney's fees) resulting from the in-
fringement or alleged infringement of ary United States or
foreign patent or patent right by reason of the manufacture,
use, sale or resale of the items sold by Seller tc Buyer
hereunder; provided, however, that this indemnificaticn Tro-
vision shall not apply and no right to indemnificatiocn here-
under shall arise with respect to any claim, loss, cost,
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Exhibit I-1 (centinued)

damage, expense or liability unless Buyer gives Seller
written notice of aiy matter with respect to which indemni-
fication will be sought hereunder promptly upon the receipt
or obtaining of kncwledge of such matter by Buyer. In the
event any claim is asserted or threatened, as to which Buyer
willl seek indemnivication hereunder Seller shall have the
absolute rizht to defend against, settle, compromise or
otherwise dispose of said claim, including but without limi-
tation thereto, the right to contest or litigate the same
through counsel of 1its own choosing, and Buyer agrees to
cooperate with Seller fully with respect thereto at no cost
or expense to Buyer.

VI SPARE PARTS, SERVICE AND TRAINING

1. Seller will make avallable to Buyer spare parts, accessory
equipuwent and/or components which are now, or will here-
after, be manufactured either by Seller or by others to
Seller's design or order, and which are rot readily avail-
able on the commercial market, in adequate quantities to i
meet Buyer's needs for repairs and replacements with 4
respect to all products purchased. Components will be ;
sold and delivered with reasonable promptness upon receipt 3
by Seller of Buyer's order at Seller's prices prevailing 3
at the time of receipt of each such order. Such prices E
will be reasonable and will be firm for ninety (90) day ]
periods following the issuance of respective price quote, [

2. Seller agrees that the spare parts which it has the obli-
gation to make avallable to Buyer will be available at its
factory or at other suitable designated points. Delivery
lead time required for such parts shall in no event exceed
one hundred twenty (120) days.

3. Seller will provide ATA-100 type operating, maintenance
(including exploded parts view) and spare parts manual to
all Buyer's of Seller's equipment. Such manuals will be
registered to Buyer and Seller will maintain all changes
or additions to each specific manual. In addition, Seller
will supply Buyer with a current spare parts price 1list.

4. Seller will maintain an FAA approved overhaul station at
its facility. Such facility will be staffed with
technically qualified service representatives fully
competent to accomplish repair and/or modification of
Seller's products,

a2t
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Exhibit I-1 (continued)

5. Seller will provide training for Buver's maintenance
personnel in the operation, mainter ce and overhaul
of products at its plant during scheduled periods of time
to be mutually determined by Buyer and Seller. Seller
wlll also engage in field support activities at all domestic
Buyer's facilities as required for sufficient

and product support, Seller will recuire no payment for
reasonable amounts of such training service.

VII PRODUCT SUPPORT

A. General Terms:

5 1.

Seller shall furnish all the elements of Product
Support outlined in this Agreement at no cost to
Buyer, unless otherwise specified herein.

Seller shall comply with ATA Specifications 100,
101, 200 and 300.

Seller shall have, or agree to obtain, adequate
facilities and qualified personnel to provide Buyer
the proper support of its products and equipment as
long as at least five (5) aircraft equipped with
this system are in regularly scheduled operation.

Seller shall require of its lower-tier suppliers, to
the extent applicable, the same product support assur-
ances granted Buyer. 1In the event such lower-tier
suppliers fail to comply, the Seller will then assume

and fuifill the necessary obligations at no additional
cost to Buyer.

B. Spare Parts Provisioning:

iz

Seller shall supply initial spare parts recommendation

data and revision service to Buyer at no additional
charge.

Seller shall, at no charge, provide continuous revision
service for all provisioning data until such services
are discontinued by mutual consent

Seller shall provide, without charge, qualiiied per-
sonnel to assist Buyer in the initial provisioning of
the system, if so requested by Buyer.

field training
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Exhibit I-1 (continued)

C. Spare Parts Marketing and Inventory:

1. Seller shall maintain a stock of insurance spare
parts, in sufficient range and quantity, as to meet
Buyer's normal recurring and emergency operating
requirements. Such material shall be maintained in
a manner and location sufficient to provide for
delivery to Buyer within thirty (30) days of the
receipt of a routine purcrase order or twenty-four
(24) hours on an emergency basis.

2. Seller warrants that all spare parts purchased from
Seller by Buyer shall, at the time of delivery, be
in a proper configuration for installation on Buyer's
aircreft. If Seller ships incorrect spare parts to
Buyer, Seller shall make immediate no charge correc-
tion and bear all costs of transportation related to
the return and reshipment of such material.

3. Seller shall permit Buyer to fabricate, or permit
others to fabricate, spare parts in the following
events:

ﬁ a. If Seller becomes bankrupt or insolvent.

: b. If Seller suspends manufacture of its products or
] cennot at any time produce at a reasonable price.

ﬁ ¢c. If Seller fails to fulfill its obligations under
this Agreement.

d. At any time that such spare parts are needed to

s effect emergency repair and Buyer can obtain such

1 items from another source sooner than Seller's
quoted emergency delivery schedule. In such cases,
the warranty for any component or part shall lie

: with the Buyer or supplier of such component or

( pert.

; 4, Seller shall promptly provide price and dellvery
3 quotations to Buyer upon request and such reply will

A be by the same media through which the request was

' transmitted. Routine mail request shall be replied

] to within ten (10) calendar days after receipt. Tele-
- graphic requests shall be answered by wire within
twenty-four (24) hours after receipt. Telephone
requests shall be answered by phone within elght (8)
hours if the information is not immediately avallable.

i i e



Exhibit I-1 ( uncluded)

se Seller nhall aceept purchage orders from Buyer fer

By Sparc parts pertsining te Seller's productc znd
Shiall promptly act upon suct purchrase créers. leller
“hall further acknowledze each cuch purchase orasr tc
Buyer in writing within ten (10) calendar days from
the date of reccipt thereof. Seller's acknowled:sment
chall contain delivery information, notice of changes,
price, and such other information as may be required
for the specific trancaction.

Spares Pricing:

1. Seller's spare parts prices shall be fair and reasonable
and set forth in a formal price list., Such advertised
prices shall remain firm for a period of one (1) vear
from issuance, at which time a revised price list may
ve issued. This revised brice list must be issued
ninety (90) days prior to the effective date to Buver.

Packazing:

1. Seller shall package all spare parts sold to Buyer in
accordance with ATA Specificatiorn 300.

Order Adnministration:

1. Seller shall establish qualified personnel within its
organization to regularly adminicter orders, inquiries,
and technical services required by Buyer with respect
to Seller's products, spare parts and data.

2. Seller shall provide a point of contact fo- emergenc
crdering and technical inquiries on a tweaty-four (24)
hour day, seven (7) day a week basis,
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APPEND(X I

FAILURE-FREE WARRANTY PROVISIONS

The failure-free warranty provisions shown as Exhibit II-1 were de-
veloped by Lear Siegler, Instrument Division, being derived from their
current contracts fi.u Aviation Supply Office and U.S. Air Force contracts.
In setting forth these provisions, they have made the following comments:

Rl e S

1. Since all products and their specifications have individually
distinctive characteristics, this will require some minor
modifications and/or additions to these clauses. The clauses
should be used cnly as a standard starting point. They are
not intended for use in a pure "cook book" fill-in-the-blanks
approach.

2. The following FFW clauses are a combination of the most work-
i able ones from both of the original Navy and the Air Force
k. FFW contracts.

1 3. There are several individually numbered characteristics which
{ normaily vary from product to product that must be identified
1 for each product considered as a candidate for the application
i of the FFW procurement concept. If the Contracting Officer

3 and/or his technical counterpart will obtain the information

2 identified in these individually numbered characteristics and
‘write them in the numbered blanks, it will be a relatively
simple process to then fill in the correspondingly numbered
blanks marked throughout the proposed warranty provisions.

4. Since these warranty provisions come directly from two cur-
rently existing contracts, it is assumed that they have passed
the legal reviews of both the Navy and the Air Force.

/l Preceding page blank
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INSTRUCTIONS FOR APPLYING EXTENDED TERM/FAILURE FREE WARRANTY

These worranty provisions ere divided into four (4) major perts.

PART | ~ Statement of Contractor Warrenty
PART |1 - Contractor Obiigations

PART 111 - Government Obllgations

PART IV = MNiscellansous

The key Indlvidial characteristics (Isted below constitute all required

Information to ti1l In the blanks of the attached mode| provislions.

First develop a |lst showlng your selected values/nomenciature, etc.,

10 dbe used for the characteristics Items |isted be!ow.

Then Insert value nomenclature for the Item correspoiding to the number
{N) In each of the correspondingly (N) numbered blank spaces.
(N) = NUMBER KEY FOR FILLING THE BLANKS OF THE INDIVIDUAL CHATACTERISTICS/
FFW WARRANTY

I. Name of the Unlt

2. Contractor's Name, Logo or Inltlals

Contractor's Model Number

Contractor's Part Number

Controlling Field/Depot Test Spec or T.0.

Quantity of Operating Heurs Warranted -

(Warranty max. duration In unlt operating hours,
ustally only 80/90% of anticipated average unit
fiight program, plus ground operating tima for
calonder warranty period.)

Quantity o! Years Varranted - (Warranty max.
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