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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 ¢

17




T — - R ——

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 n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>