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SUMMARY ~~~~~~~.

~~~~~~~

The Reliability Improvement Warranty  (RIW) is c u r r e n t l y  used within
the Department of Defense to provide an incentive to contractors to design
and produce equipment that will have a low fa i lure rate , as well as low
costs of repair after failure in field or operational use. Current applica-
tions of P1W have generally been restricted to initial production of rela-
tively small and transportable avionics equipment.

The P.1W concept has potential applications for dynamic systems (e.g.,
transmissions , gearboxes , engines , etc.) procured by the U.S. Army Mobility
Equipment Research and Development Command (MERADCOM). However, since
dynamic systems may d i f fe r  from avionics in design and maintenance concepts ,
transportabili ty features, and deployment and utilization philosophies,
current criteria for using RIW and current guidelines for developing P.1W
terms and conditions require review and adaptation for this new class of
systems.

This report summarizes the results of investigations to develop
criteria for assessing the applicability of P.1W to dynamic systems and
guidelines for preparing P.1W terms and conditions for these systems .

The requirements of the Magnuson-Moss Warranty Act , which applies to
qualif ying consumer products that cost more than $15 , and the Defense
Acquisition Regulation (DAR) section on warranty are each outlined to pro-
vide an introduction to the P.1W concept. The goals and structure of P.1W,
as applied to avionics systems , are presented and two examples of current
P.1W applications are discussed in detail: the U.S. Air Force ’s AN/ARN-ll8
TAC~IN , and the U.S. Army ’s AN/ASN-128 Lightweight Doppler Navigation System.

The environments in which avionics RtWs are used are compared with
those of typical dynamic systems. This comparison is made to identify
di f ferences that prevent, limit, or otherwise restrict the application of
existing P.1W practices to dynamic systems. These comparisons are made
on the basis of information obtained in visits and discussions with several
ME RADCOM off ices , with manufacturers of commercial and military dynamic
systems , and with several other service activities. The principal areas

( where differences were identified included equipment design , operation ,
maintenance , and procurement scenario.
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Several manufacturers of commercial equipments that are similar to Jthose developed or purchased by ME RA DCOM were visited to identify the range
and scope of commercial warranty practices for dynamic components. Corn—
mercial warranty practices present the buyer with an opportunity for reduced
materiel (and perhaps labor) costs. However , the cost avoidance aspects of I -

warranty are a minimum attraction to those buyers who are concerned mainly
with the cash flow aspects of ownership. Parts and service information and
availability are the principal concerns of this latter group.

Several service procurements of dynamic systems with P.1W-like require-
ments were reviewed to illustrate the scope of previous efforts and, when
possible , to identify the resulting experience. This information was then
used as a basis for developing P.1W guidance. Equipments covered in tnis
survey included Army warranties for vehicles , a container handler procure—
ment at MERA DCOM , portions of the Blackhawk helicopter , and hydraulic pumps
purchased by the Navy and Air Force.

On the basis of our investigations , two forms of P.1W are identified Jas appl icable to dynamic systems :

• The f i rst is an P.1W similar to those used for avionics , but whose
requirements are tailored to accomodate the differences that are
present in the dynamic system’s procurement. In this case , the
entire system (or subsystem) is covered by the P.1W. Those portions
of the system which would normally be renr ved from an end item for
repair by the DS (or for exchange with GS or depot) are returned
to the contractor for repair under P.1W. Generally, only preventive
maintenance and inspection tasks will be conducted by crew or
operator personnel: or by organizational level mechanics. During
P.1W, the ranges of maintenance tasks at organization, DS , and GS
are reduced to a minimum.

• The second form is “depot-only” P.1W , denoted RIW-D. Under an RIW-D
plan , the contractor’s maintenance responsibili ty is limited to
those repairs which require depot capabilities. Other maintenance
activities are accomplished at the appropriate organization, DS,
or GS activity.

As with avionics P1W , the goal of these plans is to provide the con-
tractor with the greatest possible opportunity to learn from field failures
of his equipment. This plan provides both the incentive and the opportunity
for reliability growth , maintenance procedure improvements, and subsequent
reduced life—cycle costs.

Under RIW-D, more responsibili ty for maintenance is transferred to
Army organizations; the contractor’s opportunity and incentive to learn
about and improve his equipment’s reliability and maintainability character-
istics are reduced. However, when depot maintenance tasks represent a
significant part of an equipment’s repair requirements , or when other
reasons (such as high costs of transporting subsystems that are easily
repaired at lower levels) make RIW unattractive, the RIW-D may provide an
alternate use of the concept.
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I

A set of application criteria are developed that permit a qualitative
- assessment of the suitability of P.1W (or RIW-D) for a specific program.

- 
These criteria (developed on the basis of criteria that were originally( developed for avionics equipment) address the peculiar features of dynamic

( systems that are identified in this investigation. Guidance for developing
warranty terms and conditions for dynamic systems is also presented .

I A methodology for performing an economic evaluation of P.1W is presented.
Economic evaluation consists of determining the difference between the ex-

- pected life-cycle cost for a system that uses P.1W and the expected cost for
a system that is supported under normal organic maintenance . A previously
developed life-cycle cost model was modified for use with dynamic systems.
Cost categories that were determined to be relevant to this analysis are
identified and sample model outputs illustrate the economic evaluation S

methodology .

The use of the P1W application criteria and the life—cycle-cost model
is illustrated with sample applications to two MERADCOM equipments : a
60 kW diesel generator and a hy draulic actuator system (which is part of a

- larger end item) .

It is recommended that ME RADCOM use these guidelines to identify test-
case procurements for dynamic systems. When such test procurements are made ,

( - appropriate data collection and analyses activity should be initiated to( evaluate the quality of P.1W implementation and to assess the value of P.1W
in these applications.
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PRE FACE

This final report describes the work performed by ARINC Research
P Corporation between September 1978 and September 1979 under Contract DAAK 1O-78-

C—0020. The project engineer was Dr. Richard Kowaiski. This work was per-
formed for the Product Assurance and Testing Directorate at the U.S. A rmy ’s
t !bbility Equipment Research and Development Command (MERA DCOM) at Fort
Belvoir, Virginia.

The authors are indebted to many individuals within Government and
industry for their cooperation and initiative during this effort. Although
there are too many individuals to identi f y , three groups deserve special
attention.

• The MERADCOM project managers and laboratory personnel were more
than generous in allowing us to discuss RIW concepts with them, in
describing the products and procurements for which they were respon-
sible, in identif ying and provid ing background material on their
programs , and in facilitating industry a4d Government contacts.

- The U.S. Army 4th Infantry Division (Mechanized) , provided us with
an excellent opportunity to observe the repair process for dynamic
systems. The DARCOM Logistics Assistance Office at Fort Carson,
Colorado , scheduled meetings with personnel responsible for repair
and maintenance of several hundred wheeled and tracked vehicles.
These discussions provided a practical view of the day-to-day
operations that occur far  from a contractor ’s plant or project
off ice .

• Industry supplied much useful  information for th is ef fort. We had
opportunities to meet with a variety of corporate personnel involved

• 
, in warranty administration, marketing, engineering, sales , and quality

assurance. Through candid discussions we exchanged information on
the P1W concept and on current corporate and industry warranty trends .( Industry personnel openly expressed their views on the possibilities

I - and concerns of the RIW concept and provided us with a variety of
documentation related to current equipments and warranty practices.

Finally , we wish to thank our contract technical monitor , Mr. Glenn
Stewart, for his sugçestions and support throughout the effort.
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I SECTION ONE

S 
INTRODUCTION

15 S
The Reliability Improvement Warranty (P.1W) is currently used withinj the Department of Defense (DOD) to provide an incentive to contractors to

I design and produce equipment that will have a low failure rate and will be
economical to repair following fai lure  in f ield or operational use . Unde r

- an RIW , a contractor ’s responsibilities for reliabili ty and maintainability
performance and cost are extended into the field environment. RIW appli-
cations in DoD have generally been restricted to initial production pro-
curements of re latively small , transportable avionics equipment.

The P.1W concept has potential application to dynamic systems (e .g . ,
transmissions, gearboxes , and rotating and reciprocating engines) procured
by the U . S .  Army Mobility Equipment Research and Development Command

S ( ME RADCOM) . Dynamic systems may d i f f e r  from avionics systems in design
and maintenance concept , transportability, and deployment and utilization

- philosophy. Therefore , the current criteria for using P.1W and the guide-

I lines for developing an RIW require review and adaptation for this new class
of systems.

This report presents criteria for assessing the applicability of RIW
I to dynamic systems . Guidelines for preparing an P.IW for these systems are

also developed.

1.1 SCOPE OF THE INVESTIGATION

P.1W procurements are currently used by the DoD to improve equipment
re l iabi l i ty  and reduce support cost. The majori ty of these procurements
conform with P.1W guidelines issued by the Office of the Director , Defense

I Research and Eng ineering , in 1974. These guidelines address primarily the
1.. characteristics of avionics equipment and the environment in which avionics

equipment is operated and maintained. The purpose of this investigation is

I—
to determine if current avionics RIW methodology is applicable to dynamic
systems , and if it is applicable, what adaptation is required to acc smodate

— 
- dynamic systems.

a
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The investigation included the following activities:

• Identification of quantitative and qualitative characteristics of
dynamic systems that would prohibit the direct application of
existing avionics P.1W concepts

• Development of RIW application criteria for dynamic systems

• Modification of an existing life—cycle-cost (LCC) model to incor-
porate features peculiar to dynamic systems

• Discussion and development of case studies that illus trate the
methodology for selection and economic analysis of RIW

• Establishment of guidelines for developing an P.1W for dynamic
systems 

S

1.2 TECHNICAL APPROACH

ARINC Research reviewed the design, reliability , and maintainability
characteristics of dynamic systems , together with their operational and
maintenance environments (as compared with avionics) , and examined procure-
ment circumstances at MERADCOM. These reviews were accomplished through
visits and discussions with MEP.ADCOM activities; manufacturers of commercial
and mili tary systems ; the 4th Infantry Division (Mechanized) at Fort Carson,
Colorado; the U.S. Army Materiel Development and Readiness Command (DARCOM);
and other major U.S. Army commands.

As a result of these efforts , we identified several significant dif-
ferences between the characteristics of dynamic systems and those of P.1W
avionics equipment. These differences are not emphasized in current RIW
guidelines.

The discussions with manufacturers , supplemented by information obtained
in earlier interviews with a number of manufacturers and users of fixed
ground equipment (which often contained dynamic systems), provided us with
an overview of commercial warranty and support services available to the
private sector and manufacturers ’ attitudes toward warranties.

We also surveyed military experience with vehicle warranties and P.1W—
related procurements involving dynamic systems; this survey consisted of
document reviews and discussions with cognizant service activities.

From the information developed during the survey and from reviews
of collateral documentation , guidelines for developing an P.1W for a dynamic
system were established. P.1W application criteria for dynamic systems were
also developed. An existing life-cycle-cost model was modified to include
quantitative features of dynamic systems that should be considered in an
economic analysis of P.1W versus organic maintenance . These modifications

- 
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r included the addition of three cost categories not generally considered
in avionics LCC analysis:

Preventive maintenance
• Overhaul/refurbishment
• Fuel/energy

In addition , the model’ s reliability-growth algorithms were modified to
allow for reliability decay with time , and thus to represent wearout char-
acteristics of dynamic systems.

Final ly ,  case studies were developed to i l lustrate the use of the P.1W
application criteria and the LCC model.

1.3 REPORT STRUCTURE
S 

Section Two presents an introduction to the types of warranties that
are discussed in this report: the commercial warranty , the Defense Acquisi-
tion Regulation (DAR ) warranty , and the P.1W. The environment in which
avionics RIWs are used is compared with typical dynamic system environments
in Section Three. This comparison is made to identify d i f ferences  that
prevent, limit, or otherwise restrict the application of existing RIW

S 
practices to dynamic systems.

Section Four reviews warranty terms and conditions that are typically
available for commercial dynamic systems and the administrative methods
used to implement these warranties.  Othe r commercial services available to
enhance or support customer maintenance needs are also discussed. Section
Five describes the Army ’ s use of commercial-like warranties , together with
service procurements of dynamic systems under RIW or other warranty arrange-
ments. This review demonstrates the scope of service efforts in this area
and presents certain lessons that have been learned.

Section Six presents guidelines for developing RIW terms and conditions
for dynami c systems . Act iv i ty  related to P.1W is described for each program
phase. A basic structure for P.1W is presented and options for major spe—
cific features are discussed. This section also includes guidance for source
selection . Section Seven presents a set of RIW application criteria that
permits qualitative assessment of the suitability of P.1W for a specific
program.

Section Eight addresses the role that economic analysis plays in van-
ous program phases and provides a management summary of the LCC model that
has been modified to permit analysis of the economics of RIW versus organic
support.

Section Nine contains case studies that utilize the criteria of Section
Seven and the model of Section Eight to demonstrate the methodology for
determining whether or not to use P.1W on a particular procurement.

r
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Conclusions and Recommendations appear in Sections 10 and 11. 1
A number of appendixes supplement the text. Of particular interest

is Appendix D, which is a user ’s guide for the LCC model. -
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I SECTION TWO

I THE P.1W AND OTHER WARRANTIES

This chapter introduces three warranty concepts that are being used

j in commercial and DoD procurements : commercial warranties, Defense
Acquisition Regulation (DAR) warranties, and the Reliability Improvement

- 
Warranty (P.1W). Background is provided for a detailed discussion of the

- - J goals and structure of P.1W as applied to avionics equipment. Two examples

- of avionics equipment procured with P.1W are also presented.

1 - 2.1 COMMERCII’.L WARRANTY

The Magnuson-Moss Warranty Act applies to qualify ing consumer products

I costing more than $15. A basic provision of this act is that warranties

for covered products must be available before a sale is made. Every term

and condition of the warranty must be in writing ; otherwise, it is not part

I of the warranty . In the case of product warranties , there is no difference
between the terms “warranty” and “ guarantee. ” Both words signif y a promise
by a manufacturer  or seller to stand behind his product. There are two

F 
types of written warranties: full and limited. These terms have special

meanings under the Warranty Act.

2.1.1 Full Warranty

The term “full” , when applied under the Warranty Act, signifies the
following :

- 

- A defective product will be repaired (or replaced) free. This

provision includes removal and reinstallation , if necessary .

The defective product will be repaired within a reasonable time

following the complaint.

• No unreasonable actions will be required of the buyer to obtain

I warranty service .

• The warranty applies to anyone who owns the product during the

warranty period.

• If the product cannot be repaired (or the problem has not been

corrected after a reasonable number of repairs) , the user will have

his or her choice of a new product or the money paid for the product

I will be refunded.

1
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A full warranty does not have to cover the whole product; it may cover
only part of a product or it may cover a product with certain exceptions.

2.1.2 Limited Warranty

A warranty is “limited” if it provides coverage that is less than a
full warranty. For example, a warranty may :

• Cover parts but not labor for a replacement

• Allow credit on a repair, prorated by the use or time since sale
• Cover only the init ial buyer

A product may carry more than one written warranty. Part of a product
may be covered by a full warranty, while the rest may have limi ted warranty
coverage.

2.1.3 Consequential Damages

Normally the purchaser ’s warranty rights include the right to “conse-
quential damages”: the company must not only repair the defect ive product
but also pay for any damage caused by the product. However, in both ful l
and limited warranties,  a company can exempt itself from this responsibility
by including in the warranty a statement that it does not cover consequential
damages. S

2.2 DEFENSE ACQUISITION REGULATION (OAR) WARRANTY

The use of warranties in mi l i ta ry  procurements is not a new concept ;
in this report such warranties will be called “standard” warranties. Tradi-
tionally , these applications have focused on defects in mater ials and work-
manship and have provided the Government with additional time , following ± 1
acceptance of an item , to determine conformity with specifications or dis-
cover defects in mater ial and workmanship. When the Government does not
specify the design , the wa rranty also extends to the usefulness of the
design .

OAR Paragraph 1-324 defines the use of warranties for military pro- F
curement. Paragraph 1-324.1, “General” , provides a background for this
type of warranty:

“A warranty is a promise or affirmation given by a seller to a
purchaser regarding the nature , usefulness , or condition of the
supplies or performance of services to be furnished. The
principal purposes of a warranty in a Government contract are
to delineate the rights and obligations of the contractor and
the Government for defective items and services and to foster
quality performance . Generally, warrant ies  survive acceptance Jof the contract items for a stated period of time or use , or
until the occurrence of a specified event, notwithstanding
other contractual provisions pertaining to acceptance by the

6
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Government. Thus , they allow the Government additional time
after acceptance in which to assert a right consistent with the
guidelines of this paragraph .”

The criteria for using a warranty include:

• Nature of the Item - Consideration must be given to the complexity
— 

of the item , its degree of development , the d i f f i cu l t y  of detecting
defects before Government acceptance , and the potential harm to
the Government if the item is defective .

• Cost - The benefits of a warranty must be related to its cost to
the Government. Consideration should be given to the cost to the
Government for correction or replacement by the contractor , by the
Government , or by another source in the absence of a warranty .

Administration — Effectiveness of warranty depends on the Govern—
ment ’s ability to enforce it. For example , is the reporting system
for defective items adequate?

• Trade Practice - Consideration should be given to whether or not
the item is customarily warranted in the trade. In many cases,
the cost of an item to the Government wi l l  be the same whether or
not a warranty is included.

In preparing warranty provisions , the Government must state clearly
the components and characteristics of an item that are warranted and the
contractor ’s obligations for breach of the warranty. Areas to be covered
include :

- 

• Extent of contractor obligations

• Remedies

• Duration of coverage

• Notification process and timing

. Marking required on items

F 
2.3 RELIABILITY IMPROVEMENT WARRANTY

The P.1W is a form of warranty that is consistent with current DAR
requirements.  The fol lowing d e f i n i t i o n  of RIW is taken from the “ RIW
Guidelines” , issued by OSD in 1974 (Refe rence  2 — 1 ) :

“A R e l i a b i l i t y  Improvement W a r r a n t y  is a provis ion in ei ther  a
fixed price acquisition or fixed price equipment overhaul con-

] tract in which :

(a) the contractor is provided with a monetary incentive ,
throughout the period of the warranty , to improve the

2-1. __________, RIW Guidel ines , issued by Director , Defense Research and
Engineering, 13 August 1974.
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production design and engineering of the equipment so
as to enhance the field/operational reliability and
maintainability of the system/equipment ; and

(b) the contractor agrees that, during a specified or
measured period of use, he will repair or replace
(within a specified turnaround time ) all equipment
that fails  (subject to specified exclusions, if
applicable).”

The impact of P.1W on a procurement is much greater than the impact of
the standard warranty . To provide incentive to the contractor , several
other aspects of the procurement may also be modified.

2.3.1 Goal of P.1W

The goal of an P.1W is to motivate contractors to design and pro-
duce equipment that will have a low failure rate and will be economical to
repair following failure caused by field or operational use. In addition ,
after production and ini tial deployment , the RIW provides an incentive for
contractors to improve the reliability of their equipment and to reduce
repair costs during the period of warranty coverage in order to maximize
their profits.

RIW is not a maintenance contract and does not require the contractor
to provide routine periodic upkeep, regulation , adjusting , or cleaning.
An P.1W also does not cover components of a warranted item that are expected
to require replacement under normal use during the term of the warr anty
(such as filters and light bulbs). Such items may be covered by separate L
provisions in the contract consistent with current laws and regulations. S

2.3.2 Contractor Incentive Under P.1W

The core of the P.1W philosophy is that during the period of the warranty 
S

coverage (at a fi rm , fixed price) contractors will be encouraged to improve rthe reliability and to reduce the repair costs of their equipment through S

the me chanism of “no cost” (to the Government) Engineering Change Proposals
(ECPs). These ECP5 must be consistent with Government procedures to pre-
serve configuration control.

Figure 1 shows the economic situation for both the contractor and the
Government under normal procurement practices and compares this si tuation
with what occurs under the P.1W concept.

Figure 1 (a) is a schedule of equipment cost as a function of equip—
ment MTBF. If the contractor disregards all other fac tors and considers
equipment cost s tr ict ly as a function of equipment MTBF , he can reduce this
cost by reducing the quality of components , testing , inspection , or a
number of other aspects of his program; these reductions will also reduce

S 

equipment reliability . The distance between the fixed—price contract line
and the cost curve represents his profit at any achieved level of MTRF.
Thus at any point on the cost curve the contractor is inherently , although
not always knowingly , motivated to move to a lower—cost, lower-reliability
(but higher-profit) point on the curve.
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Figure 1(b) illustrates the same situation with an RIW. Now the con—
tractor must bid not only production prices but also the price of meeting
RIW obligations. Thus he is being asked to share the field support costs
over an initial period of equipment deployment. This portion of the con-
tractor ’s cost is shown as the dotted line labeled “support cost”.

The contractor’s total cost is now represented by the U-shaped curve
in Figure 1(b). This curve is the sum of the initial and support cost
curves. The contractor ’s piof it is now represented by the distance between
the horizontal contract price line and the U-shaped curve.

It can be seen that the contractor is no longer motivated to move back
down the initial cost curve as far as he would in the non—RIW situation ,
because below some optimum MTBF , his profits would decrease instead of
continuing to increase .

Moreover , these curves are not static over the P.1W period . During and
even after production , the contractor has an opportunity,on the basis of his
f ield repair experience , to change the shape of the support cost curve by
developing no-cost-to-the-Government Engineering Change Proposals (ECPs)
that improve the R&M characteristics of his equipment. This change tends
either ‘Lo move the bottom of the U-shaped curve toward the right -- to
regions of higher reliability -- or to allow the contractor more profit
at any given level of reliability if he can improve the maintainability of
his equipment. The contractor thus achieves maximum profit by controlling
and making appropriate trade-of fs between acquisition and operation and
support costs. The Government also has the opportunity to realize improved
reliability and maintainability at reduced total costs.

2.3.3 Scope of P.1W

RIW , which is usually negotiated as part of a production contract ,
applies to the operational use of the product~on items. Because of the
long-term commitment being made by the contractor , P.1W is identified as a
separate cost item and the prospective contractors are asked to quote P.1W
as a separate line—item option. The Government then has the opportunity
to evaluate the economics of the RIW versus organic or other support
concepts.

The solicitation and resulting contract will contain terms and condi-
tions for the warranty . A typical agreement should include the following :

Statement of Contractor Warranty — This section identifies the
basic agreement , requirements for corrective action , exclusions
and limitations , extent of warranty cove rage , requirements for
maintenance facilities , and cost-related information.

• Contractor Obligations — This section identifies collateral con—
tractor obligations regarding ECPs , warranty marking and seals ,
repair turnaround time and penalties , and data requirements.

10
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1.~
- • Government Obligations - This section identifies administr.tion ,

I timely approval of ECPs, and data to be provided to the equipment
- manufacturer.

Under RIW , a contractor is often required to maintain a secure storage
1 - area at his repair facility. Repaired items are placed in this facility

and field demands for spares are sent to the contractor , either directly
from a field user or through an item manager. The contractor provides both
a depot storage facility and a repair capability.

The RIV~ applies to the Line Replaceable Unit (LRU) level when applied

I to avionics equipment. An LRU is that part of a system or subsystem that
- is removed from an aircraft after failure . Most avionics systems covered

by RIW contain three or more LRUs. During the RIW period , the LRU becomes S

the lowest level of replaceable item at the using organization . The service
- will stock only LRU5 (and pethaps items such as interconnecting cables)

but will not provision items witnin an LRU. All failed LRUs will be
returned to the contractor for processing under warranty. Under RIW , user
and field maintenance organizations will have no capability to repair

- 
items within an LRU. The detailed manuals , training , and provisioning

- normally required to provide unit and organizational support will be
delayed unti l the end of the RIW period , when the design is expected to be
more mature and more stable as a result of contractor improvements.

In summary , the objective of P.1W is to motivate and provide incentives

-- 
to the contractor for better design for reliability and reduced repair costs.

S This objective is met through a firm-fixed-price contract that permits a
- J 

contractor to repair all field failures and , after he has learned about his
equipment ’s R&M characteristics , permits that contractor to generate no—

- cost ECPs that can save him and the Government money . The Government re—
turns complete LRUs to the contractor and often defers purchase of detailed
man uals , training, test equipment , and detailed provisioning.

2.3.4 The MTBF Guarantee

I An ~~BF guarantee is included in many RIW contracts , but it is stated
as a separate requirement. The MTBF guarantee requires the contractor
to guarantee that a stated MTBF will b~ achieved by the equipment in the

I operating environment and specified a measurement procedure that will be
used to estimate field MTBF. If the guaranteed level is not met , the
contractor is typically required to institute corrective action and addi-
tionally to provide consignment s~ ares at no cost to the Government until
the MTBF improves.

I 
While P.1W provides an incentive for P~ M achievement through the con-

tractor ’s repair activity commitments , the MTBF guarantee places specific
emphasis on reliability because the contractor may be obligated to provide
consignment spares to relieve pjv line shortages that may result from low

I MTBF. Because an MTBF guarantee represents a significant additional data
collection and administration effort beyond that required for P.1W, the
investigation of MTBF guarantee applicability to dynamic systems was not

I
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a part of this effort. However , the concept is mentioned to illustrate
the scope of DoD avionics procurements using RIW.

2.3.5 Avionics Procurements Using RIW

Table 1 lists a number of current avionics equipments that have been
procured with RIW. It also notes if the equipment has an MTBF guarantee
and identifies the contractor who is producing the equipment. The largest
service commitment to P.1W has been made by the Air Force , in terms of both
numbers of systems and total dollars obligated to RIW. The following
sections will examine the requirements of two of these procurements in
greater detail: the Air Force ’s AN/ARN-ll8 TACAN and the Army ’s AN/ASN-l28
Lightweight Doppler Navigation System (LDNS).

TABLE 1
AVIONICS EQUIPMENT UNDER RIW

Equipment RIW RIW/MTBF Contractor

Air Force

ARN-l18 TACAN x Collins

Inertial Navigation System X Delco

Attitude and Heading Reference System X Lear Siegler

Low Cost Omega Receiver X Dynell

C-l30 Hydraulic Pump x Abex

Airspeed Indicator X Bendix

F—16 Radar Antenna X Westinghouse

F-l€ Radar Low Power X Westinghouse

F—l6 Radar Digital Signal Processor X Westinghouse

F—16 Radar Computer X Westinghouse t
F-16 Radar Transmitter X Westinghouse

F-l6 Flight Control Computer X Lear Siegler

F-l6 Heads Up Display X Marconi-Elliott -‘

F-l6 Heads Up Display Electronics X Marconi-Elliott

F-16 Navigation Unit X Singer-Kearfott -~~

Army

ARN-l23 ,R1963 VOR/ILS/MB x Bendix

APN-209 Altimeter x Honeywell

ASN-128 Lightweight Doppler X Sinqer—Kearfott
Nav igation System

___________________________________________________________ ________ ________________ _________________________
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I
I 2.4 THE AN/ARN- ll8 TACAN

2.4.1 Background

The ARN-l18 TACAN represents the largest (in terms of number of units

I and dollars) DoD procurement containing extensive P.1W provisions and an
MTBF guarantee. The TACANs are short-range navigation systems that pro-
vide range and bearing data for aircraft navigation. In the early l970s

I the Air Force inventory included approximately 10,000 TACAN sets , the
majority of which were obsolete tube-type designs with an MTBF of approxi-
mately 100 hours.

In 1971, a feasibility study indicated that industry could produce a
TACAN set that had a 1,000-hour NTBF and cost no more than $10,000 per set.
On the basis of this study ,  an RFP for a development contract was issued
in mid—1972. The RFP included an option for P.1W whereby the u ,nt r ~~I;tor

- would be responsible for repair of any units that failed during th- w s rr a n t y
period . Two contractors completed the development program , and ~~~~. ir
development equipments ~ c’re subjected to extensive ground and f l i u t  t st~- .
These contractors subsequently competed for the production award. In Jul y
1975 , the production contract , including RIW , was awar- ~ed tI Collir s Radio

• Corporation (a division of Rockwell International). The production cu-
tract (Fl9628—76—C—0144) included an initial production m t  -~~ 1,000 ets ,
with three production-year options for up to 7,500 additional - - S. All
production options were subsequently exercised. The TACAN has f n

S 
in its most common configuration .

The contract includes an MTBF guarantee that beyths ~t 500 hours jr’J
- increases over the warranty period to 800 hours.

A case history of this procurement is included in Ref er ’-r 2-2 ,

- 
Chapter 8. Reference 2—3 discusses this program from the contra-:tui ’s

I point of view .

2.4.2 RIW Terms and Conditions

I This section identifies the principal features of the P.1W t urnS and
conditions :

Statement of Warranty — Each TACAN set will be free from defects
‘ S in design , material , and workmanship, and will operate in its

-. intended environment in accordance with specificaLly identified
documents.

4 • Warranty Coverage — For the initial production lot of 1,000 sets
- the warranty ends four years after the last set is accepted. For

S all production options the warranty ends one year later.

2-2 Balaban , H.S. and Retterer , B.L., Guidelines for App lication of

I Warranties to Air Force Electronics Systems , ARINC Research Corpor-
ation Publication 1451 , December 1975.

2-3 Hauter , A.J., and Strempke , C.W ., TACA N RIW Program , 1978 Proceedings
Annual Reliability and Maintainability Symposium , Los Angeles , Calif.,1 January , 1978, pp. 62-t~5. S
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• Repair Test Procedure - A limited repair—test procedure for repaired
units is in force. The contractor will not be required to perform
the complete acceptance test for each return.

• Unverified Failures — The contractor’s liability for unverified
fa i lures  is limited to 30 percent of all returns. Thus a maximum
risk is established to protect the contractor.

• Exclusion - There is a presumption that each unit returned to the
contractor ’s facility during warranty is covered under the warranty ,
with the following exclusions : acts of God , f ire , explosion ,
submersion , aircraft crash, combat action , and externa l physical
damage caused by mistreatment . The contractor is not responsible
for consequential damages.

• No-Cost ECP5 - No change-in-contract-price ECPs to improve R&M are
encouraged. ECP5 must conform to MIL-STD-480 where applicable and
are considered to be automatically approved by the Government 35
days after submittal unless they are specifically disapproved by
that time. The contractor must supply modification kits to the
Government at the end of warranty to enable the inventory to be
brought up-to-date .

• Usage Rate — This parameter , which strongly influe~ ces the number
of returns , cannot be known exactly at the time of bid. Rather
than state a fixed value or ask the contractor to estimate it, the
contract includes an adjustment formula to account for variations
from the 68—hour—per—month best estimate used as a pricing standard.

Shipping Costs - The Government will pay shipping costs both ways;
therefore , the contractor need not project the specifics of field
deployment and will not be responsible for the cost of shipping
unverified failures .

• Escalation Clause — The contract includes a clause to adjust for 5

abnormal price fluctuations ; this clause will apply to warranty
costs.

• Turnaround time - The contractor has an average of 15 days to -

repair returned units. This time starts when the failed LRU is
received at the contractor ’s facility and ends when a repaired -

LRU is placed in the secure storage area. The contractor must pay
liquidated damages if this average is not met over a six—month 

- 1
period . -

2.4.3 Material Flow j
Figure 2 illu~ trates the material flow associated with a typical P.1W 

-

repair action . Wh~n an aircraft returns with a report of TACAr-I failure , -

equipment built-in test is used to fault-isolate to the failed LRU on the
aircraft . That LRU is then removed from the aircraft and replaced with - -

a f l ight—line spare . No lower level of disassembly is permitted while the
TACAN is under RIW . Then the following actions occur :

• The suspected failure of a warranted LRU is tested by military 
-

personnel at the using activity to verify the failure. -

£
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FIGURE 2

TACAN MATERIEL FLOW

•. If the LRTJ tests “good” , it is returned to service or sent
to supply as a ready-for—issue spare.

~

f the LRU tests “bad” , it is shipped with appropriate data
to the contractor for repair.

. The contractor receives the LRU and verifies the failure and
warranty coverage .

• If the failure is not verified or is not covered by the warranty,
corroboration by a Defense Contract Administration Services repre-
sentative is obtained~ In the event of an exclusion , a separate
repair contract may be issued to the contractor.

A covered failure is repaired at no additional cost to the Govern-
ment , and required data records are prepared.

• The repaired LRU is shipped to the using activity , placed in th e-
secure storage area maintained by the contractor , or sent to a
location designated by the Government.

Concurrently with an LRU ’s being shipped to the contractor for repair ,
a notice is sent to the contractor ’s secure storage area by AUTODIN and n
spare is sent to base supply before the failed unit physically reaches the
contractor. This notification shortens the logist~ 

-
~~ ‘‘u’ c~gnificantly

and reduces the assets needed to support a given fl~ ing schedule.

15

-.. - - - - S - ; -
~~- ‘r~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- ‘~
-



2 . 4 . 4  Experience 
S

To evaluate the operational rel iabi l i ty  and effectiveness of the TACAN
before exercising the first production option , an initial operational test
and evaluation (IOT&E) was conducted over a four-month period in 1976.
During this period 52 sets accumulated 6,000 operating hours and demon-
strated an operational MTBF of 544 hours. ~s of October 1978, more than 

-

3,500 sets have been installed. The MTBF has continued to grow , and in 
-

the most recent measurement period (April to October 1978) the estimated
set MTBF is ove r 2 ,000 hours (based on more than 850,000 set operating
hours)

In summary , the TACAN RIW program is exceeding its goals. The MTBF
is exceptionally high , arid the short turnaround times and secure storage
area provide the Air  Force wi th  logist ics f lexibi l i ty  that would otherwise -

not be available.

2.5 AN/ASN—128 :DNs

The Lightweight Doppler Navigation System (LDNS) program is under the
management of trie N av i-~ation/Control (NAVCON) Systems Project Office of -

the U.S. Army ’ s Av ia t ion  Research and Development Command (AV RADCOM) ,
Fort Monmouth , New Jersey. 

- -

2.5.1 Background

In June 1974, Full Scale Engineering Development (FSED) contracts
were awarded to the Singer  Company-Kearfott  Division , and Teledyne Ryan -

Aeronautical,  two of three competing Advanced De velopment (AD) contractors. 
-

In their production proposals , both contractors were required to bid on a
Reliabil i ty Improvement Warranty ( R I W )  as an al ternat ive to Army organic -

support for the initial deployment of the equipment. During source selec- L -

tion , RIW was selected as the LDNS initial support concept and, in December -

1976 , Singer Company-Kearfott Division was awarded the production contract 
-( DAABO7- 77-C-2 l26) ,  which included RIW and an MTBF guarantee.  j

The production contract is for 200 sets , with options for 600 addi-
tional units. The LDNS has three LRU 5. The development process for the -~~~

LDNS RIW is described in References 2 — 4 and 2—5.

The LDNS , in conjunction with external inputs from a magnetic-heading --
reference and attitude-stabilization data system , computes position data
for navigation in Universal Transverse Mercator (UTM) coordinates. The -

2-4. Kowalski, R., Lightweight Doppler Navigation System (LDNS) Program,
ARINC Research Corporation Publication 1586, April 1977.

2-5. White , Col .R . , and Kowalski , P.., Reliability Improvement Warranty
and the Army Lightweight Doppler Navigation System , Proceedings 1977
Annual Reliability and Maintainabi l i ty  Symposium , Philadelphia ,
Pennsylvania , January 1977 , pp. 237-241.
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I
I
I LDNS provides present-position , range-to-destination , and velocity steering

information for external display of hover velocities. In some aircraft
the entire LDNS will be used to perform these funct ions.  In other appli-
cations a portion of the LDNS [t he Doppler Radar Velocity Sensor (DRVS]

I will provide standard-format outputs that can be used with the computer
I and control-display units of other devices , such as the LORAN C/D Naviga-

tional Set , AN/ARN-1l4.

- 
2 . 5 . 2  P.1W Terms and Conditions

~ The RIW section of the LDNS contract is best reviewed by highlighting
its provisions. A copy of the Terms and Conditions appears in Appendix A.
Contract Data Requirements Li st (CDRL ) DD 1423, data item descriptions
peculiar to P.1W, appears in Appendix B.

I RIW Statement - The basic statement of the RIW is:

The contractor warranty that each LDNS ... fur-
nished under this contract will be free from defects
in material , workmanship , and design , and will operate
in its intended environment in accordance with con-
tractual specifications for the warranty period set
forth herein as it may be renewed under the provisions
hereof.”

• Warranty Period - Each LDN S is covered under the warranty , starting

I with Government acceptance of a system and extending to 48 months
af ter  the Initial Anniversary Date (lAD). The lAD is defined as

- the date of the successful completion of DT III PVT—G (Production
Validation Testing—Government). Since PVT—G testing must be com-
pleted before this equipment can be formally released for instal-
lation in aircraft , this provision ensures that 48 months of RIW

I coverage is possible for each system and that P.1W ends for all
I units on the same date . This arrangement has been made purposely

to simplify planning for subsequent support activity .

I • Exclusions - The contractor is obligated to repair or replace all
I LRUs except when failure is caused by fire , explosion , submersion ,

flood , aircraft crash , enemy action , or mistreatment.  The con-
tractor must present clear and convincing evidence to substantiate
a claim that a returned LRU is not covered under the warranty .
A separate contract is to be negotiated for repair of excluded
returns . The contractor is not responsible for consequential

S damages.

• Unverified Failures — The contractor will  be reimbursed $200 for
- each good LRU returned in excess of 24 returns or 25 percent of all

returns , whichever is greater , over a 12-month interval. The $200
value is an estimate of contractor costs for processing good returns;

— 
the 25-percent figure represents an estimate of the LDNS false—

~ re turn  rate . The contractor can use th i s  rate as an upper limit
— for p r i c ing .
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• ECPs and Confi guration Control - Contractor-initiated ECP5 to
improve R&M at no change in price are encouraged under the RIW.
Normal MIL-STD—480 procedures will apply, except that each such
ECP will automatically be incorporated in the contract after 35
days , unless the contractor is notified of its nonapproval within - -
that period. These ECPs must be installed in all new production
LRUs and in all LRU5 returned for repair under the RIW. To assure
that it will be possible to bring the inventory to a standard con-
figuration at a reasonable price upon the expiration of the warranty , -

the contractor is required to submit a schedule of modification- 
- 4

kit prices that are e f fec t ive  through the RIW expiration date .

• Operating—Hour Adjustment - The contractor is advised to bid the -

warranty price on the basis of a utilization rate of 20 hours per 
-

month for each system in the Government inventory . A method has
been developed for estimating actual operating time from electro—
chemical indicator readings and shipping/receiving dates of returned
units . A contract price-adjustment formula is provided , and it - -
will be used for deviations greater than 10 percent from the 20—
hour—per-month “pricing standard” .

• Government Obligations - To the extent possible , the Government
is required to verify failures before they are returned to the con-
tractor , furnish failure—circumstance data , and use appropriate
packaging. However , in the event that any or all of these condi- S

tions are not met , the warranty will remain in effect for such
return s - S

• Miscellaneous - The P.1W also contains provis.~ons for labeling and 
S

sea ls, price adjustment for lost LRUs , serial number record—keeping , 
- 

S

and technical manual requirements .

• Turnaround Time — For each six—month period , there is a specified —

turnaround time -— the interval between the arrival and joint
inspection of an LRU and the time it is subsequently repaired and
moved to a secure storage area. In i t ia l ly, the contractor has an
average of 30 calendar days to complete these tasks. In subsequent
six-month periods, this time is reduced until , after 18 months , he -

has an average of 15 calendar days to perform these actions. This 4
reduction in turnaround time not only takes into account the learn-
ing process the contractor will undergo in repairing field fai lures, -

but also balances his learning process against the number of installs -

and spares in the field. Other adjustments in the turnaround-time -

requirement can be made on the basis of the equipment ’s MTBF. If
turnaround time for a particular period is not met, the contractor T
is assessed a liquidated damage equal to $25 times the number of - I

LRU5 processed in the period times the numbe r of days by which the
turnaround time exceeds the specif ied average . Liquidated damages -

will  not be collected for any measurement period if during the
period the Government had sufficient assets in the bonded store—
room to meet each asset demand w i t h i n  a specified time limit.
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2.5.3 MTBF Guarantee

The basic requirement of the MTBF guarantee is that the achieved mean
time between failures (MTBF) of the LDNS be equal to or greater than 500
hours. A measurement process is specified in this part of the contract and
measurements are made over six—month intervals beginning one year after
the lAD . In the event that the measured MTBF is less than the guaranteed
MTBF , the contractor shall furnish , at no additional cost to the Government,
engineering analysis to determine the reasons for failure to achieve the
guaranteed f i gure , corrective engineering design changes , and modification
of units (as requi red) .

If achieved MTBF measured in an interval is less than 400 hours , the
contractor ’s turnaround time is reduced by four days. Conversely , if

- achieved MTBF measured in an interval is greater than 603 hours , the con-
tractor ’s turnaround time is increased by four days.

Other RIW contracts with MTBF guarantees (such as the TACAN) have
required contractors who fail to meet guaranteed values to supply additional
assets to keep pipelines f i l l e d .  This approach is not feasible with LDNS,
since the production ilne for LDNS eauipment may not operate through a
major portion of the MTBF—guarantee measurement period. Thus the Army has
chosen to modify the contractor ’s contribution to the logistics pipeline

- instead .

2.5.4 Warranty Data Requirements

Three data items are required to administer and support the P.1W:

A Data Collection and Analysis Plan describing how t1~~ contractor
- 

— - will accumulate , process , analyze , and report the information
required under RIW.

• A semiannual Warranty Data Report containing records relating to
S 

- population size , configuration , and repair history .

• An annual Warranty Effectiveness study containing the contractor ’s
- experiences and conclusions regarding the effectiveness of the

warranty concept applied to this contract.

2.Si5 Logistics Support Under RIW

F The logistics support for the AN/ASN—l28 program is illustrated in
Figure 3. A three—leve l system of main tenance  support serves as the basis
for aviation support (including avionics). The initial level of support
is Aviation Unit Maintenance (AVUM) . The AVUM corresponds roughly to a
combination of the organization and Direct Support (DS) Unit in the Army ’s
four—level concept. The Aviation Intermediate Maintenance (AVIM) level
corresponds to the General Support (GS) level under the four—level concept.

I
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THE AN/ASN- 128 SUPPORT CONCEPT

2.5 .5 .1  AVUM Processing -

The AVUM tests the failed LRU using the BIT capability in accordance
with the Technical Manuals. The AVUM then removes the failed LRU and takes - F
it to the supporting AVIM. The Remove Date is recorded by the AVUM on P-he
Installation/Removal flata Label attached to the LRU. -

The -AVtJM completes a DA Form 240? in accordance with the appropriate
Supply Bul le t in .  One copy of this form accompanies the failed LRU back 

-

to the AVIM . This form must be completed accurately since the AVIM’s only
guidance in making out its own Form 2407 is the AVUM documentation.

The AVUM receives an operable LRU for the fai led LRU from the AVIM. -

The operable LRU is used as a replacement and instal led by AVUM in the 
-

aircraft. The Installation/Removal Data Label attached to the L~U is 
-

- 
I

f i l led in during instal lat ion of the good unit. -

2.5.5.2 AVIM Processing -

The AVIM is not required to verif y the LDHs fai1ur~ and is not pro-
vided the capability to do so. The AVIM must, however , process the LRU 1

for return to the contractor. This processing begins by ensuring that the
Installation/Removal Data Label and AVUM DA Form 2407 are completed.

- - 
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A new DA Form 2407 is prepared in accordance with the Supply Bulletin ,

J with the AVUM copy used as a guide . Receipt copy #1 is placed in the con-
tainer and accompanies the failed LRU to the contractor ’s repair facility .
Copy #2 is mailed to the National Maintenance Point (NMP).

To maintain asset control , a DD Form 1348-1 must be prepared; a copy
of this form is placed inside the container for shipment to the contractor.
In addition , a copy of the DD Form 1348-1 is placed in an envelope attached
to the outside of the container .

The LDNS Program has reusable containers for returning failed LRUS.
These containers are retained to meet future shipping requirements.

The container with the failed unit and accompanying documentation is
taken to the nearest U.S. Post Office and shipped by Air Parcel Post ,
Insured , Return Receipt Requested. The cost of this shipment is borne by
the shipper.

If a unit was lost or destroyed in the field , the AVIM must prepare
a DA Form 3906—P. (Materiel Loss, Recovery Report) in accordance with the
LDNS supply bulletin and AR 710—3.

When the container and documentation have been taken to the Post
Office , the AVIM prepares a replacement request message , which is trans-
mitted by the organization ’s supporting communications center. This message
is sent to the contractor , who immediately ships a replacement unit to the
AVIM .

At this point , the AVIM must complete a DD Form 173 (Joint Message
Form) in accordance wi th  the Supply Bu l l e t in .

2.5.5.3 Contractor Processing 
S

Before receiving the failed LRU shipment , the contractor will have
responded to the Request for Replacement message . The replacement shipment
carries a copy of DD Form 1149 inside the container and a copy in an
envelope affixed to the outside . The DD Form 1149 will contain the MILSTRIP
Document Number that is taken from the message. This n umber assists the
AVIM in identifying the failure/replacement transaction for the field
organization when it receives the shipment. This shipment is made by Air
Parcel Post , Insured , Return Receipt Requested.

When the failed LRU shipment arrives , the contractor completes the
return receipt request. 

- 

-

The sh ipment containing the failed LRU is jointly inspected by the
contractor and the in-plant Government representatives. Damage in shipment
(possible grounds for exclus ion)  is noted , and the f a i l ed  LRU is sent to 

—
test and repair , a f t e r  which it is packaged and sent to secure storage for
issue as a replacemen t.
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2.5.5.4 AVIM Processing of a Replacement Unit

Normally , the AVIM will receive a return receipt notice before its
failed unit has arrived at the manufacturer ’s facility . If after three
weeks the AVIM has not been notified, then the AVIM has the Postal Service
trace the shipment.

When a replacement LRU is received from the contractor , the AVIM mails
back the new return receipt notice to inform the contractor that the ship-
ment has arrived. Government plant representatives will institute a tracing
action if the shipment is not acknowledged within three weeks after leaving
the contractor ’s facility .

The DD Form 1149 (with MILSTRIP number) aff ixed to the outside of the
container is used to identify the original failure transaction .

The containar is opened carefully and the LRU is inspected for damage
in transit. If it has been damaged , it is returned to the contractor with
DA Form 2407 and DD Form 1348-1 , and a replacement message is sent -- the
normal return procedure .

A good replacement LRU is placed in storage in its reusable container
for future issue , after which the AVIM concludes the transaction by closing
out the DA Form 2407, Maintenance Register , and inventory records.

Not all failure removals/installs are made at Army field installations.
In the case of the LDNS, some maintenance activity will occur at prime air—
craft manufacturer facilities. The materiel handli .;q procedures are similar;
however , documentation is peculiar to these types of organizat ions .  A SF
368 , Quality ‘)eficiency Report , is used in place of the DA Form 2407 that
normally accompanies a failed return to the ,con t~-~ cto~ . - A. DD Form 1149,
used in lieu of the DD Form 1348— 1, also ac~ompanies the failed LRU . The
Specialized Repair Activity (SRA ) or prime manufacturer will use the same
type of reusable container as the field , and Air Parcel Post, Insured ,
Return Receipt Requested will be used for shipment. The replacement S

message approach is also used by these organizations.

2.5.6 RIW Experience

Initial production systems are now undergoing testing at Fort Rucker ,
Alabama , and Fort Campbell , Kentucky. Full scale production commenced in
ea r ly  1979 , and it is antici pated that a significant number of LDNS equip-
ments will be deployed by late summer of this year. Extensive field data
collection and P.1W e v a l u a t i o n  are planned at that time .

1
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SECTION THREE

COMPARISON OF AVIONICS AND
DYNAMIC SYSTEMS’ ENVIRONMENTS

Section Two summarized the essential features of RIW plans that were
developed for and applied to avionics (essentially electronics) equipments.
In this section , we compare the environments in which avionics RIWs are
used with environments of tvj~ical dynamic systems. This comparison is made
to identify similarities that permit or differences that prevent , limi t ,
or otherwise restrict the application of existing RIW practices to dynamic
systems. This comparison also provides information that is used to develop
RIW application criteria in Section Seven. 

S

These comparisons arc based on information obtained in visits and
discussions with several MERADCOM offices , manufacturers of commercial and
military dynamic systems , the 4th Infantry Division (Mechanized) at Fort
Carson , Colorado , and other U.S. Army activlti’- -o . j

~ similar series rI f
discussions with buyers and sellers of fixc-d ground systems (some contain-
ing dynamic systems) that were conduc i ed fut another study approximately
one year ago provided additional data for th i s  effort . Appendix C contains
a list of organizations that were contacted.

The comparisons between avionics and dynamics systems are presented
in Paragraph 3.1. In Paragiaph 3.2, these comparisons are applied to two
ME~~.DCOM equipments.

3.1 AREAS OF COMPARISON

It was anticipated at the outset of this offort that the principal
differences between avionics and dynamic Systems’ environments would be
related to equipment design , operation , and maintenance . Uhile there are
major factors to he considered in each of these areas , our investigations
also identi f i e d  substantive differences in thu procurornunt scenarios of
avionics aId many MERADCOM purchasi : ;.  A fifth area , economics , was Ldun-
ti fiod; this both combines an-i cut ; across thu other areas .

For each of these areas , Table 2 i luntifies conditions that have

I 
- generally preva iii i during the app li S I t i o n  of RIW to avionics ; Table 2

a 1- ~o shows -ont r otlnq Si  tu~~t l ot tto~t may cx ot for dynamic ~~~ 5-5 t  OS

F
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TABLE 2 5

COMPARISON OF AVIONICS AND DYNAMIC SYSTEMS ’ ENVIRONMENTS

Avionics Systems 1 Dynamic Systems

Procurement Factors

Production follows development Equipment is of commercial design
phases. or minimum adaptation of commer-

cial design.

Equipment design is Government-
specified.

Production purchase is from a
reprocurement package.

Developers compete for produc- Only a single development con-
t ion con t rac t .  t r a c t o r  bids on production e f f o r t .

Contract award represents thu • Solicitation and subsequent awards
t:;tal buy , or contract contains are made annually or biannually.
production options necessary to
make total buy .

- Equipment Factors

High cost density Low cost density

Independent operation . Dependent operation 
- 

S 
-

Single f a i lu re  wi l l  in i t ia te  • Degraded operation possible Imain tenance  ac t iv i ty . S

Frag ile . Rugged

Operations Factors

Predictable usage • Variable usage

High maintanance-skill levels • Lower maintenance-skill levels

Overs~ ress of equipment  u n l i k e l y  • Overstress of equipment possible

Support Factors -

No PMI . Regular PMI -

No overhaul or on—condition • Subjec t  to overhaul or on-condition -

maintenance maintenance 
-

(ontratiZed contro l through . Diffuse control through command
S S channels  - -.. System project office

.
~~ System manager

• •  I t - - r n  manager S

(cont inued)  - -
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TABLE 2 (cont inued)

Avionics Systems Dynamic Systems

Economic Factor

Usage and luant i ty  present con— • Incent ives  for  ir q L u e e m e n t  not
tractor wi th  opportuni ty to very evident
learn from f i e ld  results  and
opportunity to make changes to
increase profit.

— The following subsections address the impact that the differences
can have on the appli - ion of RIW to dynamic systems .

3.1.1 Procurement Factors

— 3.1.1.1 Development Background

Avionics RIW5 are generally pur hasud as part of an initial production
contract for equipment th~it is completing one or more development phases.
Two or more developers are competing for the production contract; each is
offering to produce his own design (although each may incorporate standard
subitems in his design , e.g., power suj~~lies). The RIW for the CONUS NAV
VOR/ILS (AN/ARN-l23) was part of a formally advertised two-step procurement
tha t  required mi l i t a ry  adaptation and packaging of a bas ica l ly  commercial
desi gn.  But , again , each offerer was presenting his own design .

On the other hand , many dynamic systems are produced by a commercial
production line . Quality and performance features of these systems are
driven by the demands (or tolerances) of the marketplace . If a spec:fic
Govururrn nl t solicitation affects only a sma’l percent of an offeror ’s annual
production capacity for an item , there may be little or no incentive to
produce and deliver anything but marketp lace—driven quality . If the com-
mercial design is adequate for the job , then standard inspection and
acceptance methods could ensure that production quality levels are met ;
further , these methods would be simpi rt to administer than RIW .

When a design is based on either Government designs or a reprocurement
package , the offeror may have limited (- Ij ability to estimate the cost and

4 risk of P.1W, unless the off -roe has also developed the reprocurement pack—
age. The RIW could be difficult LO -riforce if a contractor has met design
package requirements and at the same time produced an equipment with low
MTBF (in this e as-- the contractor wu -ild have to satisfy his P.1W obligations
at a loss).

3.1.1.2 Quantity

The avionics procurements usi;.q P.1W include quantities that are
sufficient to meet mi l it i- - . needs for ~~- ural years. These quantities
eithe r are directly called for in the contract or are available through the
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exercise of production options . This procurement approach reduces the
possibility of multiple producers for an eç tpment and the mixed maintenance
or supply policy that could accompany such a situation .

In contrast , many procurements of dynamic systems are for small qu an—
tities. Often these procurements represent low—rate  i n i t i a l  production
efforts that are intended to veri fy the integrity of a production package
be fore holding a competition on a reprocurement package . Unless the usage
rates for these items ara high , a contractor w i l l  not see many fa i lu res
under P.1W and will have little incentive to improve his equipment.

3.1.2 Equipment Factors

The weight , space , power , and cooling limitations of helicopters and
high—performance fighter aircraft often drive avionics designs. Thus the
factors in this area ( l is ted in Table 2 )  apply to a wide range of avionics
equipments , independently of RIW . However, the differences between avionics
and dynamic systems can a~ 1ect not only the feasibility but also the admin-
istration of P.1W requirements .

3.1.2.1 Cost Density

H i s t o r i c a l l y ,  avionics systems have had a high cost density . The
cliche th-tt l uts tne cost of avionics at “$1 ,000 per pound ” can occasionally
produce reasonable estimates. Thus packaging , shipping , and transpoxtation

~-osts f r r  avionics LRU5 under RIW are only a small fraction of the equip-
r;te nt ’ s value . Ic. addition , individual  LRU5 are generally designed to
w-iigh less t l ia -u 35 pounds so that they can be moved by a single person .

Dynamic systems can be quite different. Cost densities of tens of
dollars per pound are common . Thus the ratio of shipment value to shipment
cost is muc t lower for these items than for avionics. Many dynamic items
require two or more people or special equipm6nt for handling , especial ly
in a p ackaged state. Thus the f e a s i b i l i t y  of P.1W, or any support al ter-
native that i.icreases equipment tra’sportation and handling requirements ,
may be reduced for low-cost-density systems .

High-weight or—v o lume items may exceed shipment l imi ts  for certain
modes of transportation (e.g., air parcel post). As a result , transporta-
tion options may be rec~uced for some dynamic systems , resulting in
increased pipeline time if the RIW concept of r e tu rn ing  LRU5 is observed.

3. 1.2 .2 Independent Operation

Avionics  equipments , especial ly those wi th  P.1W , general ly  o p or a t u
inde~ un dent 1y of other  a i r c r a f t  systems . Althoug h a~’i- inics equipments are
l inked to aircraft prime power and may be tied to a central aircraft com-
puter  or external sensors , the equi pm .-ii t s often feed displays or other
ins t ruments  that  are cover--c  un clur the same RIW . In man y cases the equip-
ments have a bu i l t - i-i - t e s t  (BIT)  capab i l i ty  that makes end-to-end checks
of performance independent of ex t - -r n a l  sy stems .

1
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J
On the other hand , the operations of many dynamic systems are dependent

on other systems in various ways. For example , hydraulic systems may per-
mit many types of interaction among their components , especially in the
case of a component failure or contamination of the hydraulic fluid. When
all members of an interacting set are not covered under the same RIW or
when the interfaces between RIW and non-RIW items are only vaguely defined ,

L there may be administrative difficulties in assigning fault when a failure
occurs. This ambiguity can lead to high exclusion rates under RIW , since
contractors will not be responsible for making repairs that are attributable
to causes external to their equipment.

3.1.2.3 Degraded Operation

Single failures in avionics usually require a maintenance action at
the ear l ies t  possible opportunity .

Failures of dynamic systems are often less clearly defined and , more
import an t , less casily detected by the user or f i e l d  maintenance organi-
zation. For example , is an engine generating ‘x” shaft horsepower? Is
a pump moving “ y ” cubic feet  per minute? Is the rontamination level of
hydrau l ic  f lu id  out of tolerance? Few fau l t  indicators in the dynamic
world compare with the BIT found in most modern avionics . As a result ,
the judgment that an item has failed and , subsequently, estimates of mean
time between failures (or mean miles , mean cycles , or whatever the appli-
cable standard) can be i n f l u e n c e d  by subjective judgments that add risk to
a contractor ’s estimate of the cost of P.1W.

3.1.2.4 Ruggedness

F ina l ly , one factor appears to favor the applicat ion of P.1W to dynamic
systems : systems ’ physical  ruggedness. Although in practice problems with
avionics damage incurred dur ing  shipment are minimal , the possibility is a
constant concern. Shi pping damage appears to be a re la t ive ly  insignifican t
problem for dynamic systems.

3.1.3 Operations Factors

3.1.3.1 Usage Rates

The services have formal procedures for plann ing , developing , and
scheduling aircraft fly ing time . Although the average flight hours per

F month di ffer for various classes of aircraft , these figures are projected
and planned in advance of their occurrence . In addi t ion , month-to-month
variations are minimal since there is a regular need to maintain pilot pro-

~~~-. ficiency . For these reasons , pr ojec ted usage rates of avionics are normally
available to a program office and can be used by an offeror as a basis for S

establishing his obligations under P.1W.

Our discussions and observations of dynamic  systems indicate that
s imilar  p l ann ing  data are gene ra l ly  not available for many dynamic systems ’
equipments. Many i tems , such as cons t ruc t ion  equipment and generators ,
support troop exercises and activities only at certain times. After the
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exercises or activities are completed , these equipments are often stored
until they are needed again. For example , certain items (such as rock—
crushing equipment)  at Fort Carson had been used only once or twice a year ,
but during a current exercise these i tems ope rated 70 hours per week to
accomplish their task .

Usage rates that are d i f f i c u l t  to predict and that may experience wide
swings from period to period present a problem for the P.1W bidder. Unless
an offeror has some estimate of equipment usage rates , he will  have d i f f i -
culty estimating return rates and , under RIW , identifying failure trends.

3.1.3.2 Personnel Skill Levels

Aviation (and par t icular ly  avionics maintenance) technicians are
generally selected from personnel in the highest class of scores in standard
tests. Thus the average skill levels for personnel who will maintain spe-
cific ground dynamic systems may be lower than for avionics maintenance
personnel. It is not clear whether this difference will produce a positive
or negative impact on RIW. On the one hand , ground dynamic system mainte-
nance personnel may be more incl ined to follow published RIW administrative
procedures , thereby avoiding unauthorized repairs that would normally be
paid for outside the RIW. On the other hand , these personnel may not appre—
ciate the maintenance and supply impacts of RIW and , as a result , may
attempt unauthorized repairs and thus establish an exclusion rate that is S

greater than expected.

3 .1 .3 .3  Overstress Potent ial

Current avionics designs are generally not subjected to “overstress”
conditions (operator actions that exceed the design l imits of the item and
thereby cause it to f a i l) .  Whi le  a i r c r a f t  may be flown beyond specified
performance levels , thereby inducing  f a i lu res  in the on—board avionics ,
such actions usually present grave safety risks to pilot and crew and occur
only under most unusual circumstances.

On the other hand , many dynamic systems can be overstressed either
i n t en t iona l ly  or by omission. This factor is thus related to skill level. —

Some organizations we visited expressed the opinion that more than 50 per- S

cent of the dynamic system failures were induced by operators or other —

personnel. Improper start-up , warm—up , cool-down , or shutdown procedures
may damage eng ines or accessories. Hydraulic systems , transmissions , and
universals may be subjected to overloading, which may cause or hasten
system failure . I
3.1.4 Support Factors

3.1.4.1 PMI and Overhaul

Avionics equipments supported under RIW generally have no preventive - ,

maintenance and inspection (PMI) associated with them. Activities closest
to PMI consist of lamp tests or periodic replacement of equipment-related
batteries. — I
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1.5
- — Dynamic systems , on the other hand , often require lubrication , fluid

level and filter checks, and periodic visual inspections or tests that
could produce on-condition maintenance. The principal impact of PMI on RIW
occurs when the PMI is either not performed when required or not implemented
properly. These oversights can either cause or hasten equipment failures.
For example , failure to maintain appropriate levels of lubrication can cause
or contribute to excessive wear rates of affected equipment.

U nder P.1W , a contractor must assume that appropriate PMI discipline
will be maintained in the field. The RIW should exclude failures caused
by poor PMI . Further , unless the contractor has some method to verify (at
least on a sample basis) that PMI was properly performed , his bid must
cover the expected cost of repairing failures attributable to poor PMI.

3 .1 .4 .2  Centra l ized Control

In the Air Force , piece—part repair of an avionics equipment is usually
accomplished at a single Air Logistics Center (ALC) in the Continental
United States (Y 1NUS). Support responsibility for that equipment will rest
with either an item manager or, at certain times and under certain condi-
tions , the System Program Office (SPO) that developed or procured the item
or the aircraft System Manager (SM) who uses the items. Similar arrange-
ments are in effect for Array avionics.

The situation is different for Army ground systems , which include the
dynamic systems under consideration here . These systems are often repaired
at the GS that supports the user. For commercial items the user , DS, or
GS may deal directly with a local dealer to effect repairs or obtain spares.
Thus basic information on equipment repairs is spread across a number of
facilities. In addition , if the equipment is used at irregular intervals ,
periodic reports on repair activity are difficult to interpret because the
underlying usage rates are variable.

3.1.5  Economic Factor

In avionics procurements that use RIW ,sufficient failures are expected
to provide a contractor with the opportunity to learn from field failure
experience and to develop no—cost improvements that can benefit both the
contractor and the Gove rnment. Many dynamic systems procurements may not
provide this opportunity . Either the quantity is small , the usage rate is
unknown or subject to broad variations , or operational/maintenance errors
cause a high percentage of exclusions. All of these factors diminish the
contractor ’s incentive and opportunity to meet the goals of RIW.

3 . 2  CGI1P i~PT ~~( N  OF AVIONICS AND MERADCOt1 PROCUREMENTS

— 
Table 3 illustrate:- these differences for specific P.1W avionics and

MERADCOM dynamic system- . The TACAN and the LDNS programs , discussed
in Section 2, represent typical avionics equipment with RIW. The ~€RADCOM
dynamic systems are represented by the 60 kW generator , which is procured
by thu DOD Mar1ij ~ r for Mobile Electric Power (~€P) , and the 50,000—pound
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Container Handler , wh ich was procured by the Mechanical and Construction
Equipment Laboratory . The container handler is a mili tary adaptation of
a commercial item ( MACI) in that there was a competitive development e f fo r t

) 
during which each of fe ror designed a special container handler to mate

- with a commercial chassis of his choice .

I There are differences between these two classes of systems in the
areas of equipment , operations , and support factors . These differences
indicate that although the generato~ and container handler may be candidates
for RIW , the RIW terms and conditions normally associated with avionics
will require extensive tailoring to produce an effective package. These
systems are discussed again in Section Nine after selection criteria and
an RIW economic model have been introduced.
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SECTION FOUR

COMME RCIAL WARRANTIES FOR DYNAMIC SYSTEMS

Several manufacturers of commercial equipments similar to those
developed or purchased by MERADCOM were visited during this investigation
to identify the range and scope of commercial warranty practices for dynamic
components. These visits follow by approximately one year a similar series
of discussions with buyers and sellers of fixed ground equipments , some
containing dynamic systems , that were conducted for another study . The
information obtained in these visits provided additional insight and back-
ground on commercial practices. Appendix C contains a list of organiza-
tions that were contacted.

This chapter reviews warranty terms and conditions typically available
for commercial dynamic systems, as well as administrative methods used to
implement these warranties. Other services available to enhance or support
customer maintenance needs are also discussed.

It is important to recognize that construction , material-handling ,
and power-generation equipments are sold in an extremely competitive market-
place. Warranty represents only one aspect of a manufacturer ’s sales
strategy . For this reason , our discussions will illustrate the range of
warranty alternatives that are available rather than concentrate on specific
features offered by specific firms.

4. 1 WARRANTY COVERAGE

Warranties for commercial items such as construction , materiel-handling ,
and power-generation equipment are often covered by the Magnuson-Moss
Warranty Act , discussed in Section Two. Each commercial manufacturer has
a warranty for his equipment that is included in the price of the equipment.
During our visits , we collected several warranties for subsequent review .
All were limited warranties. Table 4 summarizes the major points addressed
in these warranties , and indicates the most common forms of available
coverage .

In many cases , replacement or repair parts  carry the same war ranty as
an original item. This provision can apply even to parts purchased after
the original item is out of warranty.
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I
TABLE 4

TYPICAL COMMERCIAL WARRANTIES FOR DYNAMIC SYSTEMS

Feature Types of Coverage

1. Who and what is covered? Original purchaser

• Defects in material and workmanship

2. What will the seller provide? • Repair or replacement parts at dis-
tributor ’s or manufacturer ’s option

• Labor for installation

• Labor for removal and installation

• Repair at dealer or distributor
f a c i l i t y

Repair only during normal working
hours

3. How long is the coverage? Miles , operating hours , or calendar
time from delivery

• Miles , operating hours , or calendar
time from first substantial use

4. What is excluded from the • Mistreatment or neglect
warranty? 

S S• Improper application

• Imp rope r ins ta l la t ion

M a l f u n c t i o n s  r e su l t ing  from use of
unapproved attachments

5. What are the limitations of No repairs or replacement at field
the warranty? locations

• No r u j . o i r s  or replacemer ,. made during j
premium labor hours

No obligation to incorporate improve- - 1
ments a f t e r  sale

• No liability for damage, loss of
usage , or loss of income

Cost of compliance cannot exceed
original value

Sometimes a manufacturer will exempt certain ~norLi ns of an equipment
from the warranty (e.g., tires or other systems produced by another manu-
facturer) and “pass through” to the customer a collateral warranty from
the original manufacturer.
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The terms and corditions listed in Table 4 serve to def ine the
following:

• The extent and duration of w a r r a n t y

• The seller ’ s responsibilities

• The limitations on the seller ’s responsibilities

• The buyer ’s responsibilities (identified in the responses to
question 4 in Table 4)

For a given transaction , warranty terms and conditions are to some
extent negotiable, especially for items such as length of coverage or
transferability to a third party . Deviations from the original warranty
are normally subject to the manufacturer’s approval. As such , they are
screened by the seller to ensure that they are really necessary or bene—
ficial to the user.

4.2 WARRANTY ADMINISTRATION

Commercial sales are frequently made through a network of authorized
dealers (who may handle only one brand) or distributors (who will generally
handle several brands). The dealer/distributor network will also act as a
supply organization for the customer. This network , in turn , is supplied
either directly from the manufacturer (and the manufacturer’s major sub-
contractors or suppliers) or through regional parts centers.

The principal point of contact for the commercial customer is the
dealer or distributor. Warranty claims are initially handled at that point.
When a dealer or distributor provides warranty service , he is usually reim-
bursed by the manufacturer for parts and also receives a labor allowance
deper.ding on the task performed. Some manufacturers reimburse dealers and
distributors for parts only. Therefore , the dealer or distributor adjusts
the original sales price to cover expected labor costs under warranty .

4.3 WARRANTY INFORMATION FEEDBACK

At periodic intervals , dealers and dis t r ibutors  provide the manufac-
turer with reports of warranty activity . These reports include failed-part
and cost information . Operating-time data were generally considered to be
inaccurate and rarely available. Thus the analysis of warranty data is
primarily an attempt to identify exceptional failure-frequency or cost
trends. Occasionally , a manufacturer may ask the dealers and distributors
to forward certain classes of failed parts. Often , the dealer or distri-
butor , bei ng closest to the customer, will report suspected problems to the
manufacturer.
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4.4 ADDITIONAL SUPPORT TO THE USER

A number of support services are available to the user both at the
time of sale and following the sale. Although not directly related to

~t~ rr c— 1t- - , these services are intended to increase custome r sa t i s fac t ion
with the product .  One goal of these services is reducing unscheduled
maintenance . Another is better education of thi ; customer in the full capa-
bility of the equipment and in more efficient operating and maintenance
practices. Standard support activities include the following :

• Delivery and callback meetings - At or about time of deii-i’i- r-y,
dealer personnel meet with user personnel to discuss equipment
capabilities and to illustrate typical operating and maintenance
sequences , such as start-up and shut-down procedures and daily and
weekly preventive maintenance activities. One or two callback
visits are made in the next three months , both to check on how the
equipment is being used amd maintained and to answer questions.

• Publications - Operator and shop manuals and service guides are
available to a buyer. In addition , for many classes of equipment
the manufacturer may develop separate lubrication or preventive
maintenance guides that will also include appropriate logs for
record-keeping. These guides serve (1) to identify the range and
scope of preventive maintenance requirements and (2) to allow the
buyer to hurnonstrate that the equipment has been properly maintained
in the event of a subsequent warranty claim.

• Training — Various manufacturers , either directly or through their
sales network , sponsor operator and maintenance training and
refresher courses and seminars for their customers. Often , this S

training is presented at either minimal cost or ro cost to the
customer.

4.5 ATTITUDES TOWARD WARRANTY

To the manufacturer , a warranty is a maik-!ting and sales tool in a S

competitive environment. Warranties for a given equi~Ito l it will change from
tine to time to reflect the demands of the marketplace , the experience of
the manufacturer , and , more recently, legal developments (e.g., court awards
in product liability cases). Through warranty , the manufacture r states
his commitment to stand behind claims of a satisfai:tory or superior pro-
duct and service organization . The manufaoture y also gains an n~~.o1tuflity
to learn about current and projected customer needs .

Equipment buyers have a variety of needs. Hence , at titudes; toward
warranty are equally diverse. At one extreme , a warranty offers a period
of minimum repair costs following purchase (assuming that buyer obligations
are met). This offer is a desirable feature fn,r bu’- c t s  -ct t h b lri q r!.-t concerns.
On the other hand , many e~ uipments  repr~-orsn t a major cap ital expen se t hat
is j u s t i f i e d  only by use in high—production or tsn ;I;t-schedu le operations
(which may be conducted at remote loca t ions )  . Ir t  t ! i b o o -  Uol: ces equipment
downtime moot be m i n i m i zed  to ensure tha t  product ion quos- do , performance
guaran tees , or progress—payment requirements lr s- met. Cannib Ilization may
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be used to minimize the number of out—of-service equipments. Cash-flow
analysis will take precedence over profit-and-loss statements. The cost-
avoidance aspects of warranty are a secondary attraction to this group of
buyers. Parts and information availability are of primary concern.

4.6 RELIABILITY IMPROVEMENT AND THE COMMERCIAL WARRANTY

As a basis for improving an equipment ’s reliability and maintainability
(R&M) commercial warranty intormation is only one of many sources of data
available to the manufac tu re r .  Other 5 1 ) 0 1  ecu include replacement—parts
sales and trends , dealer and distributor reports , dealer repair and over-
haul information , and buyer and user comments on equipment utility and per—
formance. This exchange can identify areas in which existing products can
be improved. However , such improvements will not normally be incorporated
in previously sold items (see Table 4, item 5), although they could be
reflected in better replacement parts or assemblies.

In summary , commercial warranty practices offer an opportunity for
reduced material (and perhaps labor) costs if properly applied to service
purchases. However, there appears to be little direct opportunity for
influencing the design of an equipment or improving the reliability or
maintainability characteristics of equipment purchased on a specific
procurement.
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SECTION FIVE

MILITARY WARRANTIED FOR DYNAMIc SYSTEMS

The Army has used commercial-like warranties for many of its vehicles.
Each of the services has also procured dynamic systems under conditions
similar to those imposed by RIW. These applications of warcanty are
reviewed in this section to show the scope of previous efforts and to
identify the resulting experience and lessons learned. This information
can provide a baseline for development of future RIWs for dynamic systems.

5.1 U.S. ARMY

5.1.1 Vehicle Warranties

The General Services Administration (GSA) is responsible for purchasing

- most of the commercial vehicles used by civi l  agencies , such as the Depart-
rients of the Interior , Agriculture , and Labor, and the U.S. Postal Service.

I Generally, GSA buys commercial vehicles weighing less than 10,000 pounds
that are used by the Department of Defense (DoD). Vehicles weighing 10,000

~ pounds or more are p~,rchased by the Army ’s Tank-Automotive Materiel Readi- S

ness Command (TARCOM) for all DoD activities , e.g., Army , Air Force , and
Navy.

I Government contracts for commercial vehicles normally include warranties
I which ensure that certain defects in material or workmanship will be cor-

rected by the manufacturer for a specified period . The warranty period
-
~~ usually begins when the vehicle is delivered and continues in effect fee a

stipulated time period or mileage amount, e.g., 12 months or 12 ,000 miles ,
whichever comes first.

Billback agreements may be established as part of the vehicle warranty
clause in the contract. These agreements allow the Government to make
warranted repairs and obtain reimbursement from the manufacturer when it

I is impractical to return vehicles to an authorized dealer. This feature
was not included in the commercial warranties that were reviewed in Section
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The United States Genera] 1\c ;c)uri~~i r1g Office has periodically reviewed
the contract ing and admin i s t r a t ive  aspects  of Army vehicle war anties
(References 5— I and 5—2).

In Reference 5—1 , i t  was r - - - .’omr-tertded that procurement offices and
w a r r a n t y  control points  d1 the f H  ~~ow i t’ - j

• Obtsir; w~ rrin t ~c. for diesel—powered ~n i  hea vy—duty  t rucks compar-
able t o  t h - ~~o provided to the publ ic

• Establish biliback agreements to recover the costs of warrantable
repairs u-Len it is L)t practical to re-turn vehicles to a dealer

• Provide to venicle usuri- complete , curio-nt , and accurate in format ion
that explains the terms and conditions of wai~~ rties and use of

- 
biliback agreements

• Evaluate periodically the effectiveness of the warranty enforcement
systems

Reference 5-2 is a follow-up report to determine what had been done
as a result of the earlier report and to i d e : t i fy  f u r t h e r  po ten t i a l  improve-
ments. This report indicated tOot TARCOM had e-h pt ed  J 1151W warranty pro—
vision for commercial vehicle  contract Vehicle manufacturers were
responding to the provision , which included the following :

Warran ty  terms equal to thou offer~- - J the general public

• An extension of th~ Lasic  warranty  period from 12 to 15 months

• A b il lback -i~~rc cs -nt to a l l o w  the Government , w i t h  pr io r  permission ,
to mak e w a rr a n t e d  repairs  and - h t  l i i ;  r e imbursement  from the manu—
fac tu rer  when i t  is imprac t ica l  to  r e t s i i r  vehicles to art au thor ized
-P- icr

Hi-wi -ver , the Ac -portod that sluers we r ii - -t aware of toe ~xtent of
th is  m i - i s  I w m r t : -c t  coveraqe or of procedures to implement w i lbj ck
agreement s .  Th i s  l a t t - - r  point  is 1- li t icu io rlv importan t where dealer
fr -i lit lee are net designed for serv ic ing  larger  Go ~ llrnIn t vehicles or
when de-ilers are lo s- it - - ; it a distance from the vehicles ’ operating site.
The r- -po r t  ~1 r :  ici-jed that  TARCOM act r oes should improve t i l l - ,ovr-r!lrn -Ii t ’ S
use of warranties Pit t that further improvement in providing information to
users wy - regul red .

In summary, these reports establish the utility of warranties for
‘j e ; i i o l e s  but ~-~~i : ;t  - - - i t  t i t  L I f l F  i - 0 s - O -  !lt S  in admini - -t ration would increase
benef its ‘. - I . - -- I rn ri

5— 1. 
- - , S a v in g s  Expected from Better Use of T r y - k  s’ t i i s n ties by

oovernm -n t  Agencies , GAO Report PSAD—75—64 , March 20 , ] .~~7 1~

5—2. 
_____ 

, Vehicle i~i t !  r . l n t i e s : Greater E i [ i c ~i i -nu -y  For  Government By
Using Commercial P i i - t i ces , GAO ~- - I s ~ rt PSAD—7q—53 , Dr-c--nibe r 15 , 1977.
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TARCOM continues to evaluate the problems of warranty administration .
Information is disseminated to users through a variety of documents , in-
cluding Supply Bulletins and Materiel Fielding Plans. Warranty features
are also made a part of Materiel Fielding Plans and a nart of Operation
Handoff, which represents the formal transfer of equipment from the readi-
ness command to the using command. However, the educational and cultural
process that will bring out the full cost benefits of warranty will require
regular attention to and feedback of administrative results at the user
level. The following factors illustrate the complexity (and hence the
confusion) that can occur at the user level:

• Many vehicles are supplied to an organization through annual or
biannual purchases. At any given time , the mix of vehicles may
have varying warranty expiration dates.

• Within a single vehicle under warranty , coverage may differ among
the components on the vehicle. For example , diesel engines may be
covered for greater periods than other items.

• When organizational or DS levels are not securing replacement parts
directly from a dealer , the replacement part is ordered by FSN and
may not be a warranted item. Thus if a subsequent repair is
required for the same component, the repair would not be under
warranty and must be obtained through normal supply channels. An
alternative is to maintain dual stock bins for warranted vehicles ,
which would be d i f f i c u l t  to administer.

5.1.2 ME RADCOM’ s Container Handler

The Mechanical and Construction Equipment Laboratory at MERADCOM
recently awarded Contract DAAK7O-78-B—O4ll to C~ terpi 1lar Tra~itbr Company
for a container handler capable of handling 50,c~O~ -po~ r~d ‘oads . Four
manufacturers completed development programs to design a special container
handler that would mate with a commercial chassis of the manufacturer ’s
choice. The equipment is therefore considered a military adaptation of a
commercial item (MACI). Each of the development contractors competed for
the production award. The winning bid resulted in a price of approximately
$175 ,000 per unit. Options in the contract provide for as many as 600 units
to be delivered over a five-year period , with the first production deliveries
to begin in 1980.

The solicitation for the container handlers contained a warranty
against defects in design , material, and workmanship , as well as confor-
mance with specifications for a period of six months or 600 operating hours ,
whichever occurred first. Anticipating that many of these items would be
placed in storage before initial use , the provisions üso required that in
the event of storage after acceptance the warranty period would not begin
until the items were removed from storage or until six months after accep—
tance , whichever occurred first. An additional option provided for a 15-
mon th or 1,500—operating-hour warranty in lieu of the six-month , 600-hour
operating warranty . The Army accepted the l5—month/l ,500-operutin s-hour
warrant-,’ aft - s the winning bidder offered an extended s- .-iirranty period for
an additional price of $4u6 per unit.
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For each w a r r l i r\ ’ r o t -  ir , the  coi t r u c c O r  ~ill su~-j - i c  parts and can
either con -oct the fa i lure  ci i  site cc h -iv s the vehicle or parts returned
to his plant. In the 1 atter -ase , the cost of labor and transportation is
borne by the contrectee . Tb0 Goverrlrn -ll t P-a’ el m t to repair a failed
w a rr a n t e d  item i t s e l f .  In this case, the cost of l abor will be borne by
the contractor and will be comb -ited - it the pr - s - i a i l i ng  r ates for  the geo-
graphical area.

5.1.3 Blackhawk Helicopter

The iilackhawk helicopter -roduct~~-n contr icts contain RIW—like agree-
ments in two aruac : certam i dynamic components manufactured by the air—
cr-oft prime contractor , Siior- . ee-; Aircraft Division of Unit --d Technologies
Corporation ; and the T — i C - ~ - G E — 7u0 engines , manufactured by General Electric
Corporation .

5.1. 3.1 Rel iab i l i ty  Assurance O u r r a n t y  tes t S i k rr s k y Components

The Sikorsky production cont act  ~D A A J 1 J i — 7 7 — C — 0 U i ) t )  fe  B l a ck l i a sk  con-
ta ins  a ks- i - ab i l i t y  Assurance War ran ty  ( RAW ’ cL use for the crsrnpu iE :r i t I

l isted i n Table 5 . Sikorsk y and Boeing completed develop r ’ l i t  }-r u~raJ,s an i
the Army held com~— r t i t i v e fl- ;--offs of t hese equipments p r ior  t -  ‘- duct ion
award.  During this time , it  was real ized that  over the f i r s t  t ree ye~ 
of d ej - l o v r n  ot , the  successful  contractor would be required t-D supply d-- ~ -et-
level support for his helicopter. To limit the sen t of such su p p o i t , di

analysis was performed Cs identi fy L i e  likely cost drivers o t  each design
and to negotiate  the RAW before contract aW ar d  under a fixed-price i f l C Li-

tive agreement. The basic u t a t e m an t  of warranty is:

“The Contractor warrants , in accordance with the provisions
and l imitat ions he re ina f t e r  s t  forth , that it  wi l l  accom-
plish depot leve l repair , as required , of the cnmf o n e !t I ;  P Ot

f o r t h  below ( h e r e i n af t e r  called ‘ i ~a r i a n t e d  Components ) - l o t -
ing the period(s) of this warrant-; n - i c r  the pricing arrange-
ment as set forth in Gr ct l on  E - - f  this contract. ’

The contract  contains an i r u i t i  i t  prsui uCt is - I -mu erlt Lty of 15 helico 1- -ts-rs,
with second-and third-year production options for tO and 129 helicopters
and v ir ious f ou r t l --;ear production opt ions.  The RAW ’ s Firm Tar p~-t Price
for  the f i r s t  thiec years of production is a l s i sr o x i m a t e ly  $ 6 . 4  m i l l i o n .
The RAW is in effect from August 1978 through March 1 301 or for 57,000
C o i gh t  sours , whichever occurs first.

Sikorsky is responsible for performing all t~~1 -~ st I f l a i l i t en a l i c e  in
accordance with the depot manuals. The Army eXps-ctu to incorj-orit~- - this
actual maintenance experience into tho manuals that viii ultimately be —
issued for depot Usc.

The PJ t-~ is clesi s;nr-d , as min i as 1 - u s i bl e , to have l it  t le  irn j  ~ ct  on
AVUM and AVIM activities. Impacts on manuals i’d r p i s s i t  ion methods are

S expect - -I t~~ he minimal when transit ion f t  em RAW to depot s up p o r t  occ i r s .
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TABLE 5
BLACKHAW K COMPONENTS COVER ED BY RAW

Quant i ty  perComponent SA i r c r a f t

Main Gearbox Mid-Section Module 1

Main Gearbox Input Module 2

Main Gearbox Accessory Module 2

Intermediate Gearbox 1

Tail Gearbox 1

Swashplate Assembly (wi thout  scissors and expan dable pin)  1

Drive Shafts  9

Couplings 151

Main Rotor Head Spindle Module 4

Main Rotor Blade (wi thout  pressure indicator , abrasion 4
strip,  de—ic ing  elements , pressure valve , and
tip caps)*

Tail Rotor Blade Paddle ( wi t h o u t  de-icing elements , 2
abrasion str ip , and t i p  caps)*

*The main and tail rotor blade abrasion s t r ips ar e cu’~re n t ly  desi gnated as
f i e ld -i - ci o i r u i le in the UH—60A UTT A S Maintenance Manual .  In the event
that  these items are subsequently determined to be other than f i e ld -
repa i rab le , the provisions governing the inclusion of these i tems under
this  Rel iab ili t-1’ Assurance War ran ty  shal l  be the subj ec t  of an equitable
ad jus tmen t  and th is  contract modif ied  accordingly .

There are several classes of exclus ion in the con t rac t ;  should any of
these exclusions exist when a war r an t ed  component is r e t u r n e d  for  repair ,
the Government will  fund the cost of such repair  outs ide the RAW. The
exclusions e - ) J r - r  f a i l u r e  caused by the f o l l o w i n g :

Ba t t l e  damage , acc idents , fo re ign -ob jec t  damage

~~ 

. Maintenance er ror  ( e . g . ,  mainten ance  not in accordance wi th  mainte-
nance and opera t ing  m a n u a l s )

Pi lot  error
. ( ) p e - r m t i s i i  of equipment ou t s i d e  j rescribed l imi t s

Los tunsr~~mLed fluid (fuel , hydraulic , n i t r og e n , or lubrication )

• Certain other specified essrdit ion s

I
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. 1
In addition , the contractor maintains configuration control over the

warranted components , and various conditions are identified to further
define contractor and Government rights.

Up to t~ i - -P second -riarter of 1979 one failure covered under RAW had
occurred in an intermediate gearbox. De tailed anal yses were not available ,
but it appears that  t h e- f a il u r e  was —e ~- -sed by i n u u f f i c s c n t  lubrication
within chc component.

5.1.3.2 General  E l ec t r i c_L imi ted_W a r r an ty

Eac h Blackhawk uses two Ge n er a l  Electric T-700-GE-700 engines. These
engines were purchased Sole sour :-~ atom f - r o --idesi as Government Furnished S

Equipment (GFE) to the Blacki iwk p r i me ~oflt i a -  tor. The u r i r r a i t in General
Elect r ic  Contract DAAK5 O—7 c -C-000l  covers each of 53 engines produced under
Cont rac t  DAA J O1 —77—C—0 002.  The major  s -chs;st -nr  of thes i s  eng ines ar - I  h ated
in Table 6. Each engine is covered for 500 t o t a l  en- -t ine hours or u n t i l
three years a f te r the Government a c - r i C o ;  the f i rst  engine , whichever occurs
f ir s t .  This war ran ty  was n e go t i a te d W ittl a fixed i- rice , w i t h  a ceil ing
obli gat ion established at $ 2 .2 6 5  m i l l i o n .  R e t - a i r s  are ex-:iusied if the
engine has been

Improperly instal led

• Subjec t -d to misuse , neg lec t , -:-i accident

• Ope ratc - i in area of armed c o n f l i c t

• Subjec ted  Ce- foreign-object damage or corrosion/erosion that causes
a failure

• Subjected to other specified conditions

Also excluded ace any f a i l u r e s  caused by pa r t s  (or ig inal , rep lacement ,
repair , or o therwise)  prov ided  by any source other than the contractor .

The Government receives a 100—percent p a rt s  warranty allowance (PWA )
for any parts replaced d u r i n g  a warranty repair action dur ing  the f i r s t
250 hours of runnirs- -; time for each engine . The allowance also covers any
parts  s u f f e r i n g  di rect  or resu l tan t damage dur ing  the warran ty  repair
action . Engines that require removal to depot fur repair of a warranted
f a i lu re  dur ing the first 250 hours of runn ing  time are repa i red  at no
charge. For warranted repair after 250 hours but before 500 hours on each
eng ine , the PWA or the Engine  Repair  Overhaul Discount (ER OD ) is prorated
by the fraction

500—T
250

where T is the eng ine  operating t ine  in hours .

A Reliability Incentive (RI) clause is also included in this warranty.
Engines that run beyond 500 hours up to 750 hours without warranted failure - -
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TABLE 6
BLACKHAWK ENGINE COMPONENTS COVERE D UNDER WARRANTY

Igni t ion exciter

Output sha f t  assembly

Power takeoff drive assembly

Gas generator turbine rotor

Stage 1 nozzle

Combustion liner

Gas generator turbine stator

Power turbine module

Accessory sectf- n module

Fuel boost pump

Lube pump

Sequence valve

Particle separator blower

A n t i- ic e  valve

Hy dromechanical  unit

Elect rical control uni t

History recorde r

receive an RI of 5 percent of the negot iated engine target  price times the
fract ion

T— 500
( 750

If only portions of an engine accumulate 500 hours without a failure , the
RI is then seven percent of the price of those i tems times this same frac—
tion . There is a limit of $530 ,000 on the total amount payable to the
contractor under the RI clause .

5.1.3.3 Summary of Blackhawk Warranties

The Blackhawk warranties illustrate the two warranty concepts that
have been discussed in earlier sections. The engine warranty has many of
the features of a commercial warranty. The PWA represents a form of bill—
back arrangement. Incentives for no-cost improvements are limited since
a ceiling is placed on both the contractor ’ s liability and the potential

j  payback under the RI clause. Howeve r , cost-avoidance features are present ,
as is an oppor tun i ty  to learn from f a i l u r e s  under this i n i t i a l  warranty
and to  incorporate that  information in to  f u t u r e  production lots (perhap s
through submission of cost ECP5).

1
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The Sikorsky RAW inco r p o r a t e s  many fea tu res  s-f the RIW concept. The
mixture os Arm ,- and contractor ma irit nance responsibilities represents a
i ~i - i c — o f f  I t .  t.W- -on comp let - c r s i ; t r u :  t s r  involvement in maintenance and cost—

effective material allocation . In a - a -h i t i on , the current arrangement should
facilitate a simp ler transition period . The potential for reliability
m t-ro y - r n - s t  is somewhat insib ite d by t u e  mixed maintenance arrangement.
However , t 5 iet -ars to be a good opportuni t-,- for develop ing more e f f i c i e n t
ie~ ot n a i t ;t r sr ce p rocedures.

5 .2  U . S .  NAVY : t IlE ABEX PUMP

Leritrsr t N00383—73—C—33l8 between the Navy ’s Aviation Supply Office
and Abex Corporation provides for i- ailure Free Warranty/Reliability Improve-
ment Warranty -i ~FW/RIW) on 258 pumps (168 installed items , 65 spares, and
25 in a rotable j-ool). The term FEW was applied in 1967 to the f ir st DoD
long-term f ixed-pr ice  warran ty  contract  whose price was calculated on the
basis of program of continuous reliability growth (see Reference 5—3).

The Abex model AP26V-5—02 engine-driven hydraulic pump is installed
on the Navy ’s F—l4 fighter , one on each engine (2 per aircraft) , as con-
tractor (Grumman) furnished equipment . The pump is rated to deliver 200 HP
continuously and is capable of genera t ing  300 HP for intermittent peak loads.
The pump was considered a new state-of-toe-art design , about twice the size
of previous designs for m i l i t a ry  a i r c r a f t  applications of primary engine-
driven pumps.

The basic pump cost $2 ,900; the warranty was $478 per year per unit
of population . This price was lower than the anticipated cost for the usual S

mode of support with no warranty . This warranty cost excludes cost of depot
support equi pment .

The contract was priced on the basis of a erojected flying—hour pro— - 
- -

gram and specific target removal rates. The F-l4 flying-hour program
translatod into a total of 387 , 000 pump operat ing hours , and the mean time
between returns (MTBR) for the pump was tar-to - ted to be 500 operat ing hours
per return at the start of  tu e  f i r s t  year , increas ing  by 50 hours per
year to an end point of 750 operating hours per return . There were no
exclusions ii ttis contract.

At a mid—1975 program review it was established that MTBF had grown
to more than 800 operating hours per return , At  t ha t  time , 104 pump returns
provided insigh t into equipment maintenance and operational characteristics.
The removal rate was lower than -itntici pated (1.25 returns per 1,000 hours
versus 1.33 returns per 1,000 hours anticipated at the end of the contract).
The lower removal rate provided a hi gher leve l of fleet supply support
within the established inventory levels (no not-operationally ready air-

5— 3. 
_________ 

, Contract N3L-383—67—C—310l between Aviation Supply (sffice
and Lear ~i~-cjler , Inc.

46

-- 

~I 
.5

-

- • I -
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - - S - S - -___________________

- 
- ~~~ J S ~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



I

craf t  as a result  of stock outages of the pump). Much of the growth is
attributed to a strong contractor effort. Several changes have been made
to improve field reliability and to i-educe removal rates in items such as

S 
front bearing shaft seals , stroking piston , and shaft coupling. These
changes were made within the scope of the FFW/RIW.

By mid-1977 the MTBF had grown to more than 1, 150 hours per return.

The original contract has been amended several times to extend the
same RIW support to later lots of F—1~. production aircraft. In mid—1977
warranty coverage was extended through April 1983.

In addition to the repair activity , the FFW/RIW provided the Navy with
additional areas of support:

• Ilaintenance and overhaul data are being deferred until near the
end of the RIW/FFW contract. Several configuration changes
accomplished during the FFW/RIW period have had no impact on the
Navy log istics system. However , a number of repair parts would
have become obsolete by these changes had the Navy been providing
support. As i t  is , provis ioning wil l  be accomplished for the
latest configuration.

• A rotable pool of 25 ready-for-issue pumps was placed at Abex (the
secure storage area concept) ; Abex can now supply 24-hour turn-
around for each pump received. Abex can also respond after
receiving a message and need not physically receive a failed item.

Additional information on this procurement appears in References 5-4 and
5—5 .

5.3 U.S. AIR FORCE: THE ABEX PUMP

Under Contract F34601-75-C-l695, Abex Corporation is providing an RIW
for 28 hydraulic pumps that are being installed on C—130 aircraft. The
warranty lasts until all pumps have accumulated an average of 5,000 flying
hours or 7 years , whichever occurs f i r s t .  Exclusions include combat damage
and acts of God . A turnaround time of 10 days is allowed for servicing
each unit. Should the turnaround time exceed 10 unit—days , the warranty

~~ 

. period will be extended by 5 unit-days per unit-day exceeded.

Because of the small quantity purchased under this contract , the RIW
appears to be more of a cost-avoidance mechanism than an incentive for

‘ 
reliability improvement. Experience supports this position , since there
have only been 6 failures of this item from mid—1975 through mid-1979.

5-4. Markowitz , 0. ,  Avia t ion  Supp l y Of f i c e  FFW / RIW Case H i s t o ry  ~i2 , Abex
Pump , Proceedings of ti-ie 1976 Annual  R e l i a b i l i t y  and Maintainability
Symposium , January 1976 , IEEE Catalog Number 76 CHO-l044-7RQC , pp.
357—362.

5—5 . Markowitz , 0., Abex Corporation , Mid-RIW Contract Evaluation , AD-
A048244, October 15 , 1977.
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SECTION SIX

RIW PLAN S FOR DYNAMIC SYSTEMS

Previous sections have presented the results of our investigation of
the characteristics of dynamic systems and the previous applications of
warranty and RIW-type requirements to dynamic system procurements. Although
there are significant differences between the environments in which avionics
RIW5 are applied and dynamic systems are procured , the requirements of
avionics RIW plans can often be tailored to accommodate these differences.
A second approach to applying RIW to dynamic systems is represented by the

S RAW for the Sikorsky dynamic components on the Blackhawk heli.copter. We
will refer to this approach as a depot-only RIW (RIW-D) .

Section Seven provides a set of RIW application criteria that permits

j qualitative assessment of the suitability of RIW for a specific program.
This section provides guidance in developing appropriate terms and condi-
tions for a dynamic system ’s RIW . This guidance is general ly  applicable
to both the RIW and the more restrictive RIW-D plan . Information that is
specifically applicable to the RIW-D will be identified as such in the
text.

Subsection 6.1 addresses the goals of apply ing RIW and RIW-D to
dynamic systems. RIW planning activities during the acquisition cycle are
discussed in Subsecti- ,ri 6.2. Subsection 6.3 identifies the major terms
and conditions that should be included in an RIW and provides guidance in
selecting alternatives appropriate to a specific procurement.

6.1 - ; s A l . - OF APPLYING RIW TO DYNAMIC SYSTEMS

RIW terms and conditions similar to those used for avionics equipments
can often be t ilored to accommodate differences that are present in dynamic
system procurements. The entire dynamic system (or subsystem) is covered
by the RIW. Portions of tue system that  would no rma l ly  be removed from an
end item for repair  by the DS (or for  exchange with GS or depot) are com-
parable to avionics LRU5 and are now sent back to the contractor for repair
under RIW. Generally , only preventive maintenance and inspection tasks
will be conducted by crew or operator personnel or by organizational-leve l
mechanics. During RIW , the ranges of maintenance tasks at organizational ,
DS, and GS levels are reduced to a minimum .

I
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As with avionics RIW , the goal of this approach is to give the con-
tractor the greatest possible opportunity to learn from field failures of
his equipment, as well as to provide both the incentive and the opportunity
for reliability growth , maintenance procedure improvements , and subsequent
reduced life-cycle costs.

Under an RIW-D plan , the contractor ’s maintenance responsibility is

S limited to those repairs which require depot capabilities. Other mainte-
nance activities (as well as PMI) are accomplished at the appropriate
organizational , DS, or GS activity. With RIW-D , non-depot spares, trained
maintenance personnel , test equipment , and manuals must be n place at the
time of in i t ia l  equipment deployment.

For items that are depot-repairable only, RIW-D will have the same
goals as RIW. As more responsibility for maintenance is transferred to
Army organizations under an RIW-D , the contractor ’s opportunity and incen-
tive to learn about and improve his equipment ’s reliability and maintain-
ability characteristics are reduced. However , when depot maintenance tasks
represent a significant segment of an equipment’s repai r requirements , or
when other reasons (such as high costs of transporting subsystems that are
easily repaired at lower levels) make a standard RIW unattractive , the RIW-D
can provide an alternative use of the warranty cone sj-t.

6.2 RIW PLANNING DURING THE ACQUISITION C”CLE

To maximize the effectiveness of RIW , it is important to consider the
concept early in the life of a system ’s design. In this way , a decision
to use RIW has the greatest 1-otentidl to affect equipment design and pro-
duction , as well as the planning to maintain and support the warranted
items. Figure 4 shows the various phases of an equipment’s acquisition
cycle , as well  as the production and operation phases. The f i g u r e  also
shows the RIW planninQ associated with each phase . These phases are dis-
cussed in the following subsections.

6.2.1 Conceptual Phase

During the conceptual phase , the system is analyzed in very general
terms . Background studies may be conducted in terms of reliability , main-
tainability , and the expected life—cycle cost. RIW (or other cost-control
and incentive methods) may be considered in these studies as a means of
achieving stated goals and maintaining costs within resource limitations.

6.2.2 Validation Phase

The validation phase begins with a decision that the capabilities of
the proposed system are in fact needed; that sufficient engineering has been
accomplished to justify continuation of the effort; and that resources
should be expended on technical and cost analysis , engineering design , and
further system definition. This activity should include consideration of
the required reliability levels and their impact on system support. During
this phase , it is desirable to identif y the basic requirement that RIW
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FIGU RE 4
RIW PLANNING DURING THE ACQUISITION CYCLE

should satisfy for the future production effort. The trade—offs between
RIW and RIW-D should be reviewed to determine if one form of RIW is pre-
fe rab le  to the other.  Also dur ing  th i s  phase it is important ( i f  possib le)
to communicate to the system developers the intention to consider RIW since
this  considerat ion may a f f e c t  system design . It is recommended that the

} Request for Proposal (REP) for the Full Scale Engineering Development (FSED)
S Phase outline RIW requirements and discuss terms and conditions that may be

used in the production cont rac t .  Fur ther , the FSED REP should ask the
respondents to discuss their unde r -;tanding of the r equ i r emen t s  and the
impact on the FSED effort.

6.2.3 Full Scale Engineering Deve lopment

The purpose of the FSED phase is to design , assemble , and test the
system and its support requirements to determine if the required operational
capability can be achieved within expes t i i  or allowable costs. During FSED ,
better estimates of system reliabilit.- and maintenance and support para-
meters become available . At this tirn - , economic studi - -s can be refined
and updated. In preparation for a production decision , the warranty pr o -
visions will also be developed to reflect program or equipment modifications
chat have occurred during FSED. At t i -  end of t -  FSED hi s - , the warranty
proposals provided by the contractors are evaluated and a final decision is
made regard ing t i - -  i n t e n t i o n  to use R I W .
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6.2.4 Production Phase

Afte r a production contract containing RIW is  signed , a series of RIW
administrative tasks are required , including the following:

• Development of item management procedures

• Establishment ot p lan for user indoctrination

Review of contractor RIW data collection -o - ~ analysis plan

• Coordination of contractor administrative r quirements

• Development of no—cost ECP processing procedures

• Development of RIW implementation procedures

6.2.5 Operation Phase

From initial deployment of an RIW system tsi  the expiration of the
warranty program , the followinq series of ta:.k- must be accomplished:

• RIW implementation monituring

• RIW logistic flow monitoring S

• RIW contract adminis t rat ion

• No-cost ECP review

Transition planning and implementation

6.3 RIW PROVISIONS

This section addresses provisions that are applicable to the RIW and
the RIW—D (introduced earlier in this section). The information is derived
primaril y from previous corporate studies (e.g., References 6-1 , 6—2 , and
6-3), lessons learned from various avionics and other applications of
wirranty and RIW , and the special circumstances observed in Section Three
in the comparison of avionics and dynamics systems environments.

The variety of circumstances associated with a specific procurement
preclude a rigid approach to developing RIW provisions. Thus this section
treats major R1W provisions in general terms, with special attention given
to features that could vary depending on the choice of RIW or RIW-D. On

6-1. Balaban , H.S., and Retterer , B.L., Guidelines for Application of
Warranties to Air Force Electrorui.c Systems , RADC TR76-32 , ARINC
Research Corporation , December 1975.

6-2. Kowalski , R . ,  Lightweight Doppl er Navigation System (LDNS) Program ,
ARINC Research Publication 1586 , April 1977.

6-3. Balaban , H.S., “Reliability Improvement by Profit Incentive ,” Q u a l i t y ,
November 1978 , pp. 22—28.
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the basis of the information in this section , the LDNS RIW (Appendix A)
provides specific language that can be used as a baseline for constructing
RIW terms and conditions.

RIW provisions can be divided into four areas:

• Statement of contractor warranty

• Contractor obligations

• Government obligations

• Other provisions -

The following subsections are discussions of the major features of
each area. Data requirements are addressed in Subsection 6 .3 .5 .

6 .3 .1  Statement of Contractor Warranty

6.3.1.1 Warranty Statement

The warranty statement indicates that the contractor warrants the
equipment furnished under the contract to be free from defects in design ,
material , and workmanship and to operate in its intended environment in
accordance with appropriate specifications , drawings , etc., for the warranty
period. The warranty statement should specifically identify the system( or subsystems covered by the warranty and the quantity of items covered
(e.g. , all items supplied under the contract).

6.3.1.2 Corrective Action

Under RIW , failed equipment is returned for repair to the contractor ’s
j repair facility . A repair verification and test procedure is normally

cited in the RIW provisions as a standard for verifying that the failed
item has been returned to serviceable condition . This standard is generally
not as rigorous or as thorough as the acceptance test procedures used when

S 
the item was first delivered to the Government.

For RIW-D , the concractor is responsible only for depot-level repairs.
It is important to define further the types of failure , repair , or other
conditions that are the contractor ’s responsibility . In many cases these
conditions may be spelled out in the DS or GS manuals; if they are , the DS
or GS manuals should be referenced in the provisions.

6.3.1.3 Warranty Coverage Period

In existing RIW contracts , the period of coverage is often stated in
terms of calendar time , operating hours , or a combination of these param—

S 
eters. The best way to define a period of coverage will depend upon the
application at hand. RIW coverage normally begins at the time of Government

I
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acceptance . In defining the period of coverage for dynamic systems , the
following factors must be considered :

• Installation or Deployment Schedule — Occasionally, equipment will
be put into operation shortly after Government acceptance. If this
is not the case for a particular procurement , then the warranty
period could be extended to some time after “first substantial
use ” or , more specifically , some time after “deployment of the
Nth item”.

• Operating Rate - For equipments that operate on a shift basis or a
regular number of hours per month (as avionics equipments tend to
be used), it may be possible to define a total number of operating
hours (or maximum time interval) as the period of coverage. Then
estimates of actual total usage can be made on the basis of either
field surveys or usage rates observed from failed and other A

returned units . For items with irregular or unpredictable usage
rates , it may be more appropriate to cover each item for “X
operating hours” or “Y years” , whichever occurs first.

In each case , the objective is to give the contractor a pictur-~ of
the expected usage under RIW. Then the contractor is better able to
identify the resource commitment that must be made and thus better able to
price his warranty  commitment .

6 .3 .1 .4  Exclusions

Failures that result from circumstances outside the contractor ’s con-
trol are normally excluded from warranty coverage . Examples are fire ,
lightning, flooc , and explosion . In addition , under RIW—D unauthorized or
improper maintenance at organizational , DS, or GS levels could be grounds
for exclusion , To preclude unauthorized maintenance , seals are usually
installed on warranted items . Seal breakage , coupled with other evidence
of unauthorized maintenance , could be cause for exclusion from warranty
coverage , and the item would be repaired under a separate repair agreement.
For both RIW and RIW-D , lack of , or improper performance of , PMI tasks
might also be reasonable cause for exclusion. Each of these situations
must be spelled out in the RIW provisions. - -

Normally the Defense Contract Administration Service (DCAS) Organiza-
tion or a counterpart activity at the contractor ’s plan t reviews a con- S

tractor ’s claim that a specific return should be excluded from repair
under warranty . Repair of these items is then accomplished under a separate
repair agreement and paid for with non-RIW funds.

6.3.2 Contractor Obligations S

6.3.2.1 Engineering Change Proposals (ECPs)

By directly observing all field failed items and heing responsible
for repairs , the- contractor has the nj~~-ortunity to quickly identify failure
patterns and institute appropriate corrective action through ECPs (which ,
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I
I
I by the tern.; ct the warranty , are i~~ tiuduced at no cost to the Government).

Class 1 ECPs will generall~.- follow MIL-STD--48O procedures necessary for
configurat~ - ’n  - - n t r ~sJ .  Such ECPs should be encouraged under the terms of
the RIW. Late r , in the s.uhs- - ction on Government Obligations (Subsection

I 6.3.3), we will examine the commitment that the Government might make in
this area.  Changes not c s f r c  ct~~riq form , fit , and function can be irnme—
diately introduced into a production line and into the repair activity w i th

I proper riot .fication to the resident Government representative . To assure
a standard configuration at warranty expiration , the contractor can be
required te incorporate all such no-cost ECP5 into new jiroduction uni ts

I 
and all returned units and to provide modification kits for the remaining
unmodified units. If the ‘~- a i i t~~ n t - ~- period is long enough to result in
mult ijic r e t . ir i s of 0 s -- i; unit , the- n umber of unmodified units at warranty
expiration will p robaul’.- be small. therwise , it may be advisable to require

I a schedule of prices for modifisution kits that is effective at warranty
ex~ iration so that ti~4 Army can bring the population up to the latest
configurat ion.

I 6. 3. ~~~. 2 Warran ty_r-larkin gs and he - a l t

The contractor is obligated to i r-ivide suitable labels on warranted

I units  to inshcate  wan i 5 t /  - s ) v - r a q c . When the warranty period does not
start until after d i p  t o ; m er i t  or installation , a final warranty label may
be affixed in the f i e ld . I f  the -~ ovr-rnrrant installs warranted items in

I o t t - - n  systems , t h - -  contiactor may provide the warranty markings and seals
that are normally a f f i x e d  as part  of the i n s ta l l a t i on  process.

I If the l a h J de~~i ;n must allow room for entering specific data during
each installation or ralp h , this ie-:s ;irement should be included in tic
labelinq I r o v i s i sr . .

I The contra ct--i is also re~tiired to provide appropriate seals t - i
w a r r a n t - -s  c lu i b m en t  to diss ouraqe unauthorized mainten ance . This rc~ uire—
ment should also be inc ]ude~t in tb : contract j rovision for markings and

i seals.

6.3.2.3 cd-cure Storage Area

I Pc- ui rements for the establishment and e~-e r a t io n  of a secure storage
area shou ld  be i h - r t i  I i e d.  Normally, the  secure storage area is colis-cats -el
with the RIW repair facility and tt i~- ; - v - - r s n s - t . t  keeps its own assets there ,

I us ing  the  secure storage area as it would  a dc- i - t .  Pci-air ed units are
placed in the secure storage area as t h e i r  r epa i r s  are completed and
verified. Units are removed from secure s tor .uqe-  and sent to request ing

I 
un i t s  wl~en s p e c i f i e d  types of messages are received at the contractor ’ s
facilit-/ . - c -n eial ly, shipments from secui’: stesroqe follow a first—in ,
f i s : - t — o u t  ( F IF O )  h i r i or i t ’ tc en a s i t - rotation of assets. Methoc~s of shipment
and a maximum response t i n s -  are also -i-- - - ’ fled in the sceuis--storaqs - —a rea

I p r o v i s i s s l i .

I
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6.3.2.4 Unverified Failures

Under both RIW and RIW—D , it is expected that  some of the units
removed by Army personnel wi l l  “ retest OK” (RTOK) when received at the
contractor ’s repair facility. Because of the cost incurred by the con-
tractor in processing these unverified failures, the warranty provisions
normally specify a maximum numben (either per calendar period or as a per-
cent of total units returned) that the contractor is obligated to process
without additional reimbursement , Values between 10 and 30 percent of
total units received are normally cit -u t o e  e lectronic u n i t s  that  will be
processed without reimbursement. When the maximum number of unverified
failures is exceeded , tb: p rovisions will include a dollar—amount reim-
bursement to be paid to the - sot ractor for handling and processing each
unit returned above the m a x i r n u o  number allowed .

6.3.2.5 Turnaround-line 5.~~~j~~~i r e r nen t S

It is necessary to est c d l  t sh l t : .  - r a maximum or ice r a j e  n umber of
days for the contractor to a:cs )mT lish repair ari l make a f a i l e d  un i t  avail-
able for use. This assures ti .i t OS orqan i z  ons have an ad: sat e  stock
on hand to support demands. Ideally, m a r  md t i m e  encompdos-:s the period
from receipt of a failed item it the ri-p air t a  ili ty shipping Jock to the
time the item has been repaired , tic r’-pali vi-r 1 t ied , and t i c -  i t -n placed
in the secure storage area. Turxriround t ime ~ - -~ avionics typically runs
from 15 to 35 calendar days. For ~ given -It on a dy n a m i c  s--step : , it
might be necessary to establish an indi’.-i iual t -nu at - , : :  tin ’ - for each LRU
associated with the system b - -cause of i s  - - t - -m l 1 - - xit- : , teardown or assembly
procedures, etc.

As long as assets are availab i- from the secui~ st t a- :p - area when
demands arise , the contractor ’s compliance with turnaround—time requirements
is not critical to the maintenance of m a t er I e l f low under  R I W . When demands
cannot be met from secure storage and a contr i - t r  is not in compliance
with turnaround-time requirements , some form of ri-sc-i 5 is i d e n t i f i e d  in the
RIW provisions. Remedies th a t  have been used include :

• Requir ing  the cont rac tor  to pr o- ;ide  spare items at no cost to the
Government on the basis of a specified formula

• Extending the time of warranty coverage for the entire population
or for items not repaired in the specified period

• Establishing a monetary penalty on the basis of a specified formula

The LDNS provisions in Appendix A use the third approach . Of these alter-
natives , the first provides the most support to the using organizations ,
since it directly addresses the objective of having sufficient spares to
maintain a pipeline . However , if the contractor no longer has the units
in production , this requirement may not be feasible (except at high RIW
cost or risk to the contractor) . The latte r two plans are considered
al ternat ives to the first one. While they are not a substitute for addi-
tional spares, they do provide the contractor with an incentive to meet
the turnaround time when necessary.
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I

6 .3 .3 Government Obligations

The Government obligations under RIW should be spelled out in t h i s
part of the provision . They include the following :

Accomplishing PMI in accordance with the applicable technical
orders. For RIW—D the Government must also accomplish certain
repair ac t iv i ty  in accordance with appropriate technical orders .
Failure to comply with these requirements could be cause for
exclusion .

Providing expedit ious processing of no-cost ECP5 submitted in
response to the RIW. To stress its commitment to this goal , the
Government will often allow these ECPs to be automatically approved
30 or 35 days after submission , unless specifically disapproved
during that  period .

• Testing all suspc- c t ed  f a i l u re - c in accordance with app l icable
technical orders to verify that the units have in fact failed.

• Furnishing test readings an s i f a i l u r e  c i rcumstance  data to the con-
tractor , t oq eth  r wi th  the f a i l e d  uni t .

• Providing installation , removal , and operating time data on RIW
labels affixed to the w a r ra nt e d  items.

Shipping units as failuren occur to minimize batching .

Providing Government rep’ esentatives at the contractor ’s repair
facility to  verify data requi rements , exclusions , RTOKs , and com-
pletion of corrective actions.

The provisions may indicate that even if the last five items listed above
are not met , the contra -t oc  is s t i l l  responsible for making repairs under
the P1W .

6.3.4 j t J c -r  Provisions

The final section cf the contract provision addresses features of P1W
that  do not convenientl -~ f i t  in t b -  previous  sections.  These f ea tur e s  can
ins:l ude :

• A procedure for contractors to use to establish claims of exclusion

• A proc--dote for disposition of excluded units not considered by the
(,c vernmerit t - - he economically repairable

• Specific formulas or methods for estimating opelating hours , to - rn-
w around time , or oth’-r ~an a in- ters necessary to adminict-. r P1W

This section may also describe conditions , if any , under which RIW price
adjusts: - : ts are made . Such price adjustments could be necessit ated by the

4 lol l  )WirFJ

Units lott or I a m a - i ’ - d  i s y o t i - i  - -~ -~ i it . In the event a warranted un i t
is no lonqi r r -p’ai ruble , an c-gui  table ad jus tmen t can be made in the
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1

contract price , especially if such units amoun t to more than a
speci fie-d i- s - i  :- e-nt ci-r’ of the t o t a l  poiUl ~ t ~f l .

• Operating time ad justment. If the warranty coverage (and thus con-
tractor exposure) i.s based on operating time per calendar period ,
j OViSie-ns can nc m ask- for adjusting tb-c contract price for devia-
tions from ths :: pricing st~ r J s s .’. To minimize adjustments caused
by small variations , a range ( such  as 10 percent) is often

-,j thin which no adjustment is made .

• U n ve r i f i ed  f a i l u r e s .  I f  the J novis ions  spec i fy  a percentage of the
total returns t h a t  tlc: contractor -sill process without a price
a d j u s t m e n t , ti ;- negotiated cost per unit for processing returns
above the stated value is used to adjust for higher—than-expected
rates of unver i f ied  f a i l u r e s .

The w a r r a n t y  provisions should j r , - J i - : - i t e  which of the above a d j u s t m e n t s
are applicable , the procedures by which adjusoseits will be made , and ti;-:
dates on which adjustments will be effected.

6 . 3 . 5  Data

Under P1W , the contractor  is re- u -s i red to develop a data system capable
of processing in fo rmat ion  collects-i dur icy the RIW program and producing
specific reports . The id i - - c -  data  items g e n e r a l l y  associated with the RI~
are dc- 5cribed in t:I:e fol lowing subsect ions. The DD Form 1423 and supple—
mental  instructions for  these P1W da ta i tems for the LDNS appear in
Appendix B.

6 . 3 . 5 . 1  Data Collection and Analysis  Plan

The Data Collection and Anal ysis Plan should be submitted as soon as
possible following production cots ract award. It describes LI I -  re c - sr : i . s  tha t
the con tract-.r will keo 1 , the procedures f or  conver t inq  these ci c o r - i - ~ into
RIW in fo rmation , and the f- - r r n ~~t . -, to be u sed in r e n o r t i i - c  on kIt . This data
item also iden t i f i e s  ~~~~~ i ; I ’ e i t cont r ibut ions  to the RIW data.  It  mus t  be
thoroughly reviewed cd-c~~~its it forms the foundation for subsequent assess-
ment of the RIW program , defines the Government’s part; ci patios in the data
e f f o r t, and i d’i r : ti  fies t b :  so sc-hurs t used to calcul cit- R I W - r e l a t ed param-
eters ( i nc lud ing  -contract a d j u s t m e n t s) .

6.3.5.2 Warranty Data Re~~~~~

The Warranty Data Report is issued p e i i o di c a i  ly throug hout tic - war rO;itv
pe riod ; it suinniarizes war ran ty  claim and report a c t i v i t i es  for each report
r ,cr iod . The cal -: ulcti s; i t used to develop the lr ; f o r t r l d t . i - r i in t h e re~ i t
and tb :  formats used to display the resulting information should conform
to those de- ,cribed in the Data Collection and Analysis Plan. This t i - s r

will assist in ; ;  ;~~ if ying the stat ;:: of P1W irg-lementstion (e.g., missing
or incomp le te -Pita ) and in planning for transition (by identif ying failure
f r°qu e nc ies , f a i l u r e  modes , e t c . )  -
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6.3.5.3 Warranty Effectiveness Study

The Warranty Effectiveness Study provides a formal opportunity to the
contractor to discuss RIW experience under this contract arid to provide
recommendations and suggestions on ways to improve the administration and
implementat ion of fu tu re  RIW procurements .

6.4 PROPOSAL EVALUATION

RIW will usually be an evaluation area when a production RFP contains
RIW provisions.  The RFP instructions wil l  require each o f f e ro r  to present
an approach to meeting RIW requirements. Usually two cautions are stated :

Do not o f fe r  simply to conduct a program in accordance with RFP
requirements

Address each and every RIW provision

Table 7 lists factors and evaluat ion cr i te r ia  that provide guidelines for
evaluating an offerer ’s RIW proposal. These criteria also assist in iden-
tifying areas that require clarification. This table must be interpreted
to re f lec t  the specific requirements of each solicitation.

TA13Lz ?
51W f :ALLI,v:-Ics t- -A~ -fC le: AND CRITERI~.

W a r r a n t y  M a n a g e m e n t  - Th -  o f f - r et  - :s The organization or group resp s- re ib l - -  for managing
overa l l  :r ~p r  - a - is to s. r aq i ;  ~nd t I -  w a r r a n t y  shcuid be c l e a r l y  d e f i r e d .  It  should
s t a f f i n g  t t , -  w a r r a n t y  recta :-  is be dem o n s t r a t e d  tha t  t e l s  e r - q a n i z a t l s,  can p e r f o r m
cle a r l y  St  sited , the rs-cs-ss arv war r arity I w - t  i n c l i d r .nq ts r-

l i ai so n  be tween the , J a i i i i ~ t ! repair group ari d

• d5r~~- ;~~, is - l iab i lit y, quai t .:—esr t rs4 groups and
h i t i e r  ‘ r a I s n i e t  l eve ls  w i t h  I - - l a , i ~ :~o
The - - f - i s - - s overall approach should s~s - m o a  t : a

ureb r - - t i i  n j  of tL s - I , -  p c i  al goals of the  51W
and specil s requirements.

F a c i l i t i ’ - s  - i c ~ I Equp I - -  : t  — Tb’: The oxis t l r -i s -i plan s- I f.,cilit i -  - tsr p e r f o r m i n g
e x is t - sec t , adequacy, and  a v a i l —  w u r r a I y  services should be fully described and
ab i l i t y  t i  resour:.:-I - r , - c - , - . s a r -  for demonstrated t 1 ,  su~~tab ie. These include Oh

warranty responsib ili s i - - - rs ;’air faci li - r a q e , m s -service , and shipping
are identifi ed. a r - - - ’,. -

5 - s  ~i m t - / ~~t ,  — The ef ft TIe o f f  r s a; ;-r u I . to deve lop ing  and m a i n t a i n i n g
r - . c ; - l y  i i t I  the I-i t - reqsi i  V S - s t a data  c i  1 . - aId be app s- -; m c s -  for meet ing
of t i -  ttl  wo t a c ,  j i m a  col j i - u t ion and a m e l s i s  requ is s - s e S

in a rss - t y and s cm ; i - - s  - - s i r . m s : r cific attention

sh ’ -uld be - Ii I- I s- - w a r d  h i s  t r e a t m e C t  of c r i t i c a l
i t  i n - t e n  t n v o l v i r i q  -~st m art s _ i l cum in s-m s Ii such

is t u r n a r o u m - i  t i m ’ -  and equi pment mod i f  a t  ion s t a t e - s .

( c o n t i nu e d )
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TABLE 7
(continued)

t n — P l a n t M a t e r i e l  Flow — The Tiic- , .e iu i - r  by who-i cl i  f f - ’ r s r w i l l  r s - s € - i v e ,
o ’f r r nr ’s id rear- is to proce ssing l i s t , r e ; - i i m  , m s - h i t ’ , ~5 m s , and rh 0 - s- i s ,  t r a c t - -  -

w a m m i s t y  r e t u r n s  and exc lus ions  e q u L 1 mem t s i ’ - i l - l  be f u l l y  di. - i  i b r -d ari d s s - i l s l  b-
and meeting s p e c i fi e d  t u r r a r o u m - si - - r -5 I t s ? m t with the 51W terms and con diti -~t s .
t imes is i d e n t i f i e d .  S p e c i f i c  a t t e n t i o n  should be g i v e n  the  o f t s :  t - n ’ s

understanding of exclusions and the is I - i t i o n  s - f
u n v e r i f i e d  f a i l i r s - . The o f f e r o r  should  I s - s - n b c
the time sequence of material flow , with acts-sm; r - - i

~~~~
i s ’ ct~~I ’ : , t -  show that specified t i m e r t ime s
can i s -  achieved.

- e s - r e m - m t ob l iga tions  — The The - f  f e r o r  : s . s o l d  i d e n t m f 1 allowed Governmen t
offeror ’s unders tanding of maintenance and PM 1 act -.’s ’ , u s S r 51W as w’u l a-
Government  o b l i g a t i o n s  under s e ;  a l l o w a b l e  i - i - s i r  ~ s- v i ty under RIW—D. Rc str ic—
51W is clearly st ir-S . tions on ;o v - - r t s t s - , s- f l e x i b i l i t y  w it i . rea;ect to

replacement items , Vc imss - w s -  V i:, -si - m i n ers - , s:t C , , must  
- -be c l e a r l y  statesi . Access f - s  al r I  t - - c m - - s t

m a ic t s  n a I l . s -  records rssu: , t  a lso be a- ’I m - :ssed.

DcAs Interface — The o f f e r o r ’ s The o f f e r e r  Li - 15  de- .c n i b -  w he t  and .1w he will
approach to interfacing with i m terfac- w it h DcAS. He should b~ ~~ 

i i  it as to
OCAS is considered , the resp-scsxbility of DCAS under 115 .

— r
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SECTION SEVEN

RIW APPLICATION CRITERIA

7.1 INTRODUCTION

The decision to incorporate RIW in a solicitation must not be made
lightly. The development of meaningful , effective , and enforceable pro-
visions will require significant Government effort. Offerors must under-
stand their responsibilities under RIW , and must be prepared to estimate
the dollar cost of these responsibilities. At the same time , the program
office responsible for the procurement will have to coordinate RIW con-
t racing act ivi ty with appropriate adminis trat ive, maintenance , supply, and
logistics activities. While all of these tasks are normally required dur-
ing the procurement process, it must be realized that dynamic components
represent a relatively new area of application for RIW and that the appli-
cations will therefore require special attention until some history and
lessons learned are developed.

Earlier sections presented the origins and use of the RIW for avionics ,
the principal differences between the avionics and dynamic systems environ-
ments (with special attention ta procurements at MERADCOM), and some back-
ground on previous applications of warranty to dynamic systems. This sec-
tion is intended to assist potential RIW users in determining whether or
not the concept is likely to offer benefits for a specific procurement.
It presents a set of RIW application criteria that are based on avionics
RIW criteria but also address the major differences observed between
avionics and dynamic systems environments. These differences have been
included in the criteria either through the addition of new criterions or
through the presentation of rationale specifically related to dynamic sys-
tems . These new criteria permit qualitative assessment of the suitability
of RIW for a specific program. If a program meets these criteria , a more
detailed analysis of administrative and economic factors should be under-
taken to assess the specific benefits to be derived from RIW and to make a
decision on whether or not to incorporate RIW into the program. If a
decision is made to proceed with RIW , the criteria can also be used to
identify areas that need special attention .

7.2 RIW APPLICATION CRITERIA FOR DYNAMIC SYSTEMS

Table 8 presents a number of RIW application criteria that can be used
to assess the suitability of RIW for the acquisition of a specific dynamic
system.
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TABLE S
51W AP PLICATION C R I T E R I A  FOR D Y N A M I C  - Mc 01 - Il - i

Criterion kat i sr s , .Ce  :i jI i i

51W

— s
__

s - _ s

Un sis- i s , r O  st  OAR p rov i s ions ,
ccsms t r a ’c - r  w a r n - i t ;  s - x i s r~ -
as Im’r~ s r s b l - - under  a co s t -t y m e r n  5
A ccs ss t — t - - j e ii ,~~ss -s --r-n r t could ‘ , , l t s u  I —

The p rocuremen t  w i l l  L~ u - - a - s r i .  reduce a -~ scs a ‘e r ’ s i n c e r m ’  we
on a f i x - i - ; . , , -  bas is.  

~fl-jtr siw . I s  l~r i c e  - s a i d  be f i r m
f i x - - I — ;  i s - - -  0 ol d  L- as  u - s t i a t , - -l i n
t s r - s f  ‘ i t ~~’ - and - e u l m n - j  - ‘ irs i
s h i n i n g  r a t i o s .

T i ’ -  515 per iod  should  be lonq
i - i s  -m g to - r i d s -  t l s - -s - r u t r i -  t s r  W i . c

an i n c e n t i ve  to i .  - . i eve r e t  s a l . i l i t y
- ‘ e a l -  r a i l s  r than  s i m p l y  bear I s ’
s o  , - ei~u~ l c-it t of m a - ,  - s i r -  - 5 I : s s - , 1  in ’ s

i-1 l t i ; c - sir f u n d i n g  is not met. The m a r  icsd shoulsl l long
available fo r  51W . sm: : - to t r s ~~i l  - the coot i i -  ton -am i s - i l -

01s; c - n t  a r i t y  to  bc~r s  l i t  f r em i s i s  no— cost
ECP5 tmiat h ’ car, . i e v c S l Ol . s s u f t u c m e n ’
f u n d s  to cs~ r, r this m i s - i - si must be

i - - u S g s - t e d  and avmii lable - i s  t l a -  t ime  of
t he j  r C - c l u n , ] m c -  V -

Compet I t ;  et s among tt 5 - - - can ~ - - —

‘s r -s t ,  a g r e a t s  r s I t -  , -  I in a l l - i  r I - I , i , ,  ing
- Isr Cs r e sj s sis ib i  l i t ie s  ass-I a n a l y z i n g  r m

The p rocurement  is - -i i . t ’s r s  be io n  di ve lopi r ig  a b i d  p r i c e .
- I - Wi t h o u t  - - - , m t s,-u i t ion , s _ i - - t S cou ld  be a

tendency s i m p l y  I s ,  add a c o n t i s u q i - r i -  - .-
st t- n v - - n  a ‘ e m - ’ -  s - I  r i s k .

When a - - n , , - m e t s t i - s i r  i t s
- ff c- r i to b u i l d  to (;s ’r-m m ,m i :,s t— s u i t . i i - - d

d r a w i n g s  or to sine Covernment—sp~ citied
componen ts , there ma-/ be limi ts on tl,e —~~
ri f t - n e s l i t y  of any additional respon-

The 51W :- j  s i 1 - m i : r t  design sibil ities , such as 51W , i n c l u d e d  in t i e . -
has been developed or :ssms t r a c t  - The DAR , P a r a g r a p h 1. 124 ,

- . - s nt r n l l e d  by the p a r t  2 , su-. t q- - s t s  t h a t  in t n , - r-a - c- i- ,, s the
- f t e r s s i - , contractor could be limited t- _ - r emedy ing

dr: ’e’~r t s  in material and workmanship or
failure to conform to specifications.
Althoug h R IW is not prohibited in these
cases , the requ~ rem--n ts for the RIW will
have to be very s i r - f u l l y  e s t a b l i s h e d .

Po tential ssf f - - t s r ’, have a ! -at- s l i t y  and , -x ! c- n i - _ m i s s -  i n  sup—
prove n capab ility and s l s r t i n j  similar items can - r i- 1t 2 2

in - - . ;[ert i t lq offerors with a s~ir -i base fo r  r e a l i s t  i -

equipment . pri cing of RIM responsibiliti es.

*1_Major; 2—Se condary t 3—Minor.
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TABLE 8
lcomitinued )

s r i t , - r i s , i u  Ra t ionale  Sig ni f i c a n c e

51W R IW -D

Pr ocur- m ls- ,s t  ( c o n t i n u e d )

A desirable feature o f 51W is t h e
oppor tuni ty  for  an o f f e r o r  to h a m
about his equi pment through t n ’  exper—
i e n c s  of r e p a i r in g  f a i l e d  u n i t s .  51W
costs may be reduced i f  some repa irs

Production/dei Is .sym ’ mst - - can be i n t e r l e a v e d  w i t h  s t - s  , em . ion
usage schedules sup~-3rt activity. No—co st ECPs may be intro— 

2 2
the 51W goals and ducod more q u i c k l y (am i d a t  less e x j - - r : - s - l
requ isem~-~ t s~ when a i~ rs~~l - i ~ - t  ‘ - s  l i ne  is r u n n i ng .  In

general. t l s , -  more p r o d u c t i o n/ d e p l o y m e n t;
usage sched u les p romote feedback and
c o o r d in a t i o n  of 51W a c t i v i t y ,  ti,
q r e a s s n  the o t S e r o r ’ s o f sp o r t un i t y  to
m s-c t  R IM goals .

The success of an RIM e f f o r t
I~. i -c cci’, on the a b i l i t y  of t h e  Gove~ 5Cc -ct

an d  r - ar lt r ac to r  to ) o i m , t l  f u l f i l l  t i - s i r
responsibilities u s s d t - ,  R I M . For the

tsr- 51W can be Government , t h i s  w i l l  r e q u i r e  a p l a n  f o r
tffic-; , -tstl- ,- plannvsd admcnissts- rinq RIM that addresses m a t e r i a l  2 2
and administ s -r c s . flo w , r s - s r i - k  I in g  a n - I  r e l - o r t i n q  d s s r i n q

t i m e  1Sf-  -~ f 5 - (11W. I i  i~5 imlsorrant to
be sil t s - to idi -sntif s- ass s a r I”  as ss - e u i h l r
. c s c J m l l z a i s t ~is~ .

~ 
r c-s l sons ib i  1 ities ansi

a; -  li-sal - i- p r- . s- _ 

L- u iP m ’  S t

51w would  not  be a~ m l  n at e  for
t , -m-s  t h a t  a re (1 1 s t a t r - - - s f -  t Sr - - a r t  or

h i g h t i - c -t s r - s i  ; desis~ns w i t h  l i t t l e  or
no ss mmsx -r :  s a l  or t- - i  h tar s ,~x t s er i e n c e ,  or
12 1  Ve r/  m a t u r e  in design and o f f e r  l i t t l e
or no 1 - s n t arot-.- fo r  g row s -h  or  improve-

T i u n  i t u r i t y  of s:~1ci i l m ~ I t  m ,-nt after production. In the f i r s t  c :as,- ,
r r - l i a b i ) s r - -  is , i t  an t~~ s -  o f f e ror  may be ~s~l ; e -  ted i s  e x t n s  C S -
a l s ) . r o l r m a t s -  l e v e l .  . 5 5 -st rin ks- under 51W . In the second casse

standard Isroduct ion and qualification
a t an s , - t s - - . t - may be sufficient to con—
l i r m t h a t  the -- - i s m i t - m e n t . no t :5 re l i a b i l i t y
r e q u i s -  m S - c s 5.  P1W i n -  ‘-nt ivs: :s ar , intended
fs sr u s ,- u n  -I  it -: that c-an I ss - r s i - f  i t  f rom
r - - ; s r t i n q  of f o l d  s - - -~~ u 1 t s  to  ‘ I s - -  - s n —
t r a c t o r .  - s - - r v i ce  cons ma cn - . or - - r i  

- r t mi n.,n-~s us- ~t -s would i,, more ap ) - ro —
r i a t r: f o r  i : s -  c-as-i s-s - I s - ’ , -  r i b e d  above.

S u s t  s t - I -  l’--s i l L t i i 4 S e i labels ;-i- -J m-L
di, - l I - s  I iv , -  mu , :  of s-s mm si nm itin g

{ - cxi— ., - sos of R I M  to u- sen ansi m i s  St - -na riuse
pe rS on nh~- 1 .  These m a r k i n g s  can prc-c- c~ s t or

I t  - m can be s ir S 5 r r - - s i u c i  the f r eq u e n c y  of s m m i , s s ~th o r  izcd
L ab,- , led t.~~s - how - is - , - n c -  maintenance and (Once the  ,u u r c i s -  , s f  - xc Ia-  S
of IsIW cov t-rag ~ - s ions  t I~a t  w i l l  o cc u r  unsl , - r  k i l l  c i x -  c-i a l

s , t t s - t s t i o n  i n  t h i s  ar ,-s ,i is  ,sei s I s cI f o r  i t - m s
5 . s,i t cannot  be r inSe-s i or la b .-, I - I because
, ,f  t l s s . m r  p h y s i c a l  size It ’ s ’-  small) or
sha t se  I h i q h h y  i rregu l ar).

‘u

~~~~

s i J s, 5 2—lii S , ,s r s- s i r , ;  3 — M i m ses  -

(continue mi t
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TABLE 8
conti nued)

C r i t ’ - m  ion R a t i o n a l e  Sigru

51W (11W-I)

S. s 1 s i i ; s m e - h s t  St  5~~s its u i l

R e l i a b i l i t y  as t ir -a t  e im s;  r t a i s t

for determining t l s c s  cx  -s - -i n umbe r of
f a i l u r e s ;  mru a ;tsta s s abilit- ; ,sstimssates sire
i t ~t)~ d s  i s  a m s t  for - in - te rms - in a n g  i:s, :ssted

Item g, s rat ios sai reli— repair costs. Too much uncertainty in
ability and maintainability such estimates may emqsss :,n- the contractor

are p red ic tab le , to undue r i sks . Des igns  c o n t a i ml in g  a
significant quan tity of new part types
for whusi s there is no m cthe -i of predic-
t i ng  r e l i a b i l i t y  may riot  be good
candidates  for 51W coverage .

W I s i n  the pe~~ f - s r m a s s  f an i tem
under  R I M  i s  h i g h l y  Is:p,-r i s d s : , t t  on or
i s t e q r a t s 5 ’ ,  w i t h  the  1 .srrf orr .s - ., -  of one
or more i t em u  not us-oem -- st under the

The c lx item operates same 51W , i t  may be d i f i s s : s i l t  to de t e r -

independen tly of other mine which s t - -tn is at f a u l t  when  a 2 2
systems . f a iL u r e  o c cu r - ~ . As a s S r s u l t , t t s e  c--sc -

trs- ’stsi mu -; be repairing failures ns’st

under  h i s  tt,S or the G o v e r n m e n t
may pay for  r e p a i r  of exclusions that

S 
should  be covered coder ti, , : 51W .

If ‘: x ’ - : s s v e  f ce td or Dl ssc t ,s i t
is  r e q u i r e d  to fault- isolate to the
l eve l  at w h i c h  RI M is appl ied , the in-

The i t e m  has  a m o d u l a r  
c r e m e n t a l  COSt S C  r s d k s  t h e  repa i r  may
be f a r  lowe r t h a n  t I m e  - st of moving

-in s - ,iu to s i m p l i f y
fa ult isolation and 

the i tem back to a contractor. On the 2 3

repair activity. 
s s t s s e r  hand , if tOs : euUifsment i s
dexign ed f~~ i - c - s d  f a u l t  S u s l a t  son tsr

the level at whitn 51W i S  a’e lied , RIW
costs may compare more f a v s , a m s - l y  ~~ 5 5

the i n c r e m e n t a l r e l sa i r  - r - - - t s .

Ar eca p s e d - t i m e  iru ’i i s  a m s r  
I’

( E T I )  can be i n s t a l l e d  on ETls  p e r m i t  accura te  m e a s u r e m e n t

ten item , or other methods of operating t ime , t l ss -r eby  permittin g 3 3
are available to provide 

mere com - ls- tus assessment ef usage ,

usage- data to the con tractor, 
failure ra tes , an d trends.

O)sorations

The contractor ms s- t s -ual uate and
p r i ce  h i s  r - - - u i - - u s s ’ s i l s ; hi t i e s  and  r i sk s
under 51W. It s fssmma t on t is n- ex i t- Ct ~st
use environment , in c lsu s l in s ,s -s ; ssrati nq

Use environmen t is known nit must be a v a i  l a i s s s  t s s  h i m .

or predictable. i n f o r m a t i o n  is also r s - - 1 - a , r s : d  by t 
contracting agency to ; s - rmst i-t dc1 i ts-
-b - -r , t evah - us , for, of pro--I- . If 01 - ‘-s-
ting mat , S a v a i l a b l e , R I M
cove rag e - - s sSd be -le t i n s- s i  5 I
ev e r  S s~- f i r s t  S p - - r a t  i rug h o u r s of I
each sl e l i vs -rs -i i t t - .

- - s  , .s 2—Secondary t 3—M i nor.

icontinued )
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1~ TABLE 8

—- 

I s ~~~~t i m  5 - u - - i l

C r i t e r i o n  S m 

—_________
-i i - - s i ’  S i gn i t  5 .is

P1W f 51W-fl

rrifi sml s I -  st i n u e c l i

Any reduced sel f—suffic -ins ms s- y

associated with RIM (e.g., m s - d u n  I

in—service maintenance - . m ; - s i h i l s t v  or
Item wartime or )a-a cs t i m u- a need to spare at LE t leve l during

mission cr i t i c a h i t - ,- is not 51W) m u s t  be t c s i , r m b l , .  In many  s - a s ~c s , 1 3
a f f e c t e d  by 51W. c o n t r a c t o r  a c t i v i t y  under  515 provid’ .-s

g r e a t s - i  asset visibility and .,r -es i -t —

management flexibili ty than , s s s r m m s a l i ,
available.

In e r c i - i  to icl ’-nt i f y fa i lu , - - modes
or conditions of failure , ari d to esti-
ma te f a i l u r e — m o d e  f r s - s ; c i ’ - n c - m s - : - s , t h i s

Operational failure and 
information should be s u p p l i e d  to t b

usage data can be sup— 
com st ras t om as expeditiously as possible .

plied to the contractor. 
Ot er w i s s - , his ability to understand 

2 2

the item ’ s cs; , - n , ,t i n g  - ‘:ls s m r , m s -t  s- n i - u t ;  s:s

i s  s eve rly  reduced , as are h i s  chances
of meeting t iu c  i n t e n t  of  the 51W
commitment.

This information is not strictly

Sufficien t data will be 
required to implement RIM . However ,

available to compute or the intensive asset management effort

estimate MTBF or other 
associa ted  w i t h  R I M  provide s an excel— 3 3

reliability parameters. 
lent opportunity to develop operational
e s t ima tes  of reliability not generally

a v a i l a b l e  f r o m  o t i s - - ,  sources .

Support

Exten sive PMI activity is associ-

ated with many dynamic :systs:m : or with

There is  l i t t l e  o; t - - , r t - a n s i t S  
sys t ems they in s t r u c t  w i t h .  I f  improper

to induce failures during PMI actions or nonperformance of PMI can

1 i s - v e s st x ve Maintenance ~~ d 
induce failures in the RIW items , tha

Inspection (PMI) a tivity. 
necessary repairs sine likely candidates

Failures are not likely to 
for exclusion under 53W . Th i s  class

be induced  i f PMI is not 
of failures will have to be funded in

performed as required. 
addi t i’s m s to t i c  515 cost. Under tlsu :’,s:

circumstances , t i ’ contractor ’s incen—

tive under 51W is reduced.

5i~~M a j s s r s  2—Secondary ; 3—Minor . S

(continued)
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TABLE S

(comatl,suc- ,]I

u - -s  - , , s i - ca l - .- S i g n i f i c n s c S - ’

C U l l - i t  5 ~5 t 5 5  I I  

- — 

(11W RJW—D

W tic-n i -MI  5 5 ; 5 5 :  is c n t s , l
d i r t  of 5 t~ - m a i m s t ,  s i i u t e  5, - t i’5 i  ty fo r

ass 111W item’ - it s55,i i- u s e f u l  Os, a
05,0 Ca - ‘- U  t s  - 555 - al-s I tS to situ PSI
i 5 t ~~ V s t 7  ~~ ~ si~~E to ids t s m s l ~~ l i i i  f l S

he s S r a c t o r  -w- ‘ ~~ modes s, s  5 ,  I t . i- r I tha t C S ,  c i  m rs .l PSI 2 2
b e - m t  - i5- ~a-~u . 5 ~t I SO.  

I I sss - s- s are -- i s c l s i a t  5: - It would be
user  u l  fo r  tl s . off ,- its! ’, 5 5 k~~~ssw wh at

455 t . s - PSI records have , w,s, ,s t~~s s

n - curt. , _ ,se us , i s s ’ a z n s - : s l , and frtr Wi ~it
i, t _ s - - mi this-; mi-i , r is ,, s, s ,wid.

i t- s,s’ . wb so s e - 5s,stts .,- s ion precludes
t s e  ~~ . r,alia tion --I seals Sr o ther  con—
t rol ,rscscb,anisms to I , , v e s s t  u , a u t Is  , 5 red
ssa;nt ’r cirsce ate - -‘s n-wI- ,~~sI ~s s:, candi- 

—

t’nm au t h o r i  z n - I  Sam: - ’ -l a s i : - f - - u RIM -i n l , ss 5 , - f - ,, ma nte nas

- i i ,  b-s - con t r o l l i S : I .  t e c h n i c - u  -I ;  sus ,~ -1 m r s - - s i rs be i - x , - r - s  - - - 1  2

Fa t O s r e  to ,i . - - s: V’,S d i s c i p l i n e  in main-
te nance- z i l l  ‘ s:~sd to r e su l t  in , - x c t u , - i s l
, - - I a 5  r - ti -it will l iv , to be lurided ,,ir-

I f  f i c  I I t n - s r m;ss im _ m r s ri t and pr- i—
- Loss  al low s r s s - l a t i o n  in  the- RI M i t e m
s S  55555 . e x t e m h t u m v e  d i r - a  - - m I S ; ,  S t  may

L i -  p c c m s c ,ss se a l  to r s t u , , s  t l s -  i tsoti ~~~ t i .
i t CC is f s , - i u — s  - - , Si 1 5  - s,,t 5 - is - t n t  f o r  r’ ISis i 5 On the 
.s.t ) - t  exmi- r , ,v, Is is -i , m I  5. 1:’ i i -  r ’ - n s - , s t a l  - - f f o r t  to make 2
uisassembly. an in—scrvms .e i _ -I air is small once - -

unI t ic s- isu r.ion is ac-cornrplscu- - i . t E ss-

1111 - - es be ‘ -ut ~i- s - i a u i ~~ well suit- . 
‘.5 - ‘ S t 5 ~S t h a t  are nrsr!tsally CS - s m - , I - - t -
i s - t a is aI im

i’I un our - , - r s S 5 515 and
a- O flg n e e d s 1-- ,- r t-,1 .,r, i ’ -i a : i , abi i sty

iscs r and rs i s C - s n a i u c e  to s h u t  a ssernb lu ~ - or uba’,ss -t r slsli es

5 5 5 5 / d r s e t s - - h a v e O i l  t-u a cO , ,t i a c tOi  W l s s ’ i , ’ st t s ’ , s t S m

‘ i s ’ ~, u it , - S r  555 1 5 i t - i —  5 . i s  r~ ,u led pa , t :  m i g b s t  C- ’-  sent to a 1 3
tion and packagin g t u lsa -  OS sr - i . : t - -  - If t l . i s  requirement
bi I it i es  to s up l s s sr t  P1W . is ‘ ‘s ’  p s s s i i~ -ms for  the u s er  - m  DS

i ,tzei, , ~~~ i ~l l - ° t  alternatives
should I - S  c , ai ,s u - h i r e d .

Economics

If - h - s . i - 5 y 5 5 S - 5 5  ls S s i i i s  ‘i rs- I s , - s a s ~, -  r a t  , - ‘u , i i
not g e n e r a t e  s u f f i c , , - , s  t I i ,  i s, - - or main-The c-s t r u t  r .  i ’ , r ’ - ;-aid c-s su f —  - —

h ems - n t - - - - n t  Un ,  t for  a 
t i - s i n , - , -  act  is , ; c i v ,- r  the IsIs l - ’ ~ i , o-~i , t h e

. 55’ s a c t’.,, -- i -in-nt , fy ~, 
cs,m, t r a s :to r  W i l l  have I u s  t i e  m l  unity or

i , - c - i i P and 5 improve— 
lriot , ’5,tion to 055 r 5 ~ t h e  ne - liability or —

- nnia in tenance  - l , t  5 - i l i t S - . 5 - - I l i i .  ‘ 15n I —men is.
r t , - , s t  -

S i n c e  I s I s  is ) s n n s s : s t r r S ’ l  u,  - i  f i x - - i  p r i c e . t hi-l-s ’- - Snt ractor ha ti- - - -basic w a r m  il , l-s u ’: at inul se-i, ,s,- m s s s s  t - r  s ’ , . —unity, with r ’sa - u ’ , ru  -
must be known or I !  ‘ i i !  st, r u i - I  eon-il le is k ts s- -ik-- a -r emi t -

- - rai n i~ - I ~~~5 t i _ i t s  i - b  I 5 s s s t r - . , - m : t  I r i ’ - ’ - Ic5on tIn - 51W 1mm ,- item in the
5555m1 iS ‘s - - Sit S I -~~ 5 di ll a that ir -- -  r i  
outside r l s ,  - s - ’ r a - t , r , , - , , r , - s i

- - ,  - 5 —  - - 5 ,~ b i t  ,-~ 3 — M in , , r  -

(1,
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The criteria are divided into five areas : procurement , equipment,
opea.~ations , support, and economics. For each criterion a rationale is
presented that explains , as succinctly as possible , the importance , impact ,
and implications of the criterion. Two types of RIW are addressed in the
table. The RIW column represents the avionics type of RIW, under which
the contractor assumes major responsibilities for all maintenance during
the warranty period. The RIW—D column represents a warranty under which
the contractor is responsible only for depot—level repairs during the
warranty period .

In the body of the table, each criterion has been assigned a signif-
icance factor which assesses the relative importance of that criterion to
each RIW plan . These factors are interpreted as follows :

1. Major — Failure to meet the criterion could be grounds for reject-
ing RIW or at least requires a reassessment of the goals of , or
implementation methods for, the RIW.

2. Secondary — Failure to meet the criterion would generally not be
grounds for rejecting RIW. However , this factor should be given
special attention in the development of an RIW plan. The cumu-
lative effects of several secondary grades for a program or equip-
ment could be cause for rejecting the use of RIW.

3. Minor - Failure to meet one or more of these criteria is generally
not cause for rejecting RIW. However , special consideration should
be given to these factors in the structuring of the RIW.

The following subsections describe the criteria areas that appear in
Table 8.

7.2.1 Procurement

The circumstances under which the RIW is procured will affect RIW
applicability . Although these criteria have almost equal impact for RIW
and RIW-D , they help to determine if the procurement circumstances are
consistent with RIW needs.

‘7 .2.2 Equipme nt

Equipment criteria examine the basic design features of the equipment
being procured. In many cases these features are under the control of the
development contractor or offeror and may differ among offerors.

7.2.3 ~~~ ions

Operations cr i ter ia  examine the anticipated operational use of the
equipment. Responses to most of these criteria are established by Govern-
men t requ irements, although some contractor influences are also present.
For example , in the case of the ability to estimate operational R&M
characteristics, the Government may have historical data on similar classes

I
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of equipment or field performance data for similar technology devices ,
while individual offerors may have either a wide variety of or no military
field experience in the type of equipment being warranted.

7.2.4 Support

Support criteria examine aspects of equipment support that are not
specif ical ly  performance-related. They cover a mix of Government— (espe-
cially the user) and offerer—controlled features of the equipment.

7.2.5 Economics

Unless s u f fic i e n t  fa i lu re  and maintenance activity is anticipated for
the equipment , the opportunity and motivation for improving reliability or
repair characteristics of the eqriipment are diminished. The RIW is then
reduced to a complex contract for services that might be obtained more
economically in other ways.

In addition , unless the RIW line item presents an opportunity to the
offeror to make a profit at a reasonable risk , the use of RIW must be
s t rongly  questioned.

7.3 USE OF APPLICATION CRITERIA

Table 8 was designed to be used by an analyst who has an understanding
of the goals and concepts associated with RIW , as well as the program
of f ic& s requi rements  for the procurement. ~i’Ji such understanding , the
use r of this table can determine the relative importance or applicability - -

of each criterion for an intended application .

When a specific program is reviewed against these criteria , several
types of response can be expected. For some criteria (e.g., the procure—
ment is competitive) a sirnole yes or no may be possible . For other
cri ter ia, ( e . g . ,  unauthorized maintenance can be cor.trolled) the response
will be less specific. in some cases (e.g., the item operates independently
of ot’,cr subsystems) the response may vary among offerers. Finally , some
cr i ter ia  ( e . g . ,  known or predictable  use env i ronment)  may require analysis
or review ot requirements before any answer can bi developed.

When this review i. s completed , a program office should have the basic
information required to answer t P - -  followinq questions :

• What are t’ tit - principal risks (unknowns) facing an offeror who will
bid on P1W ? How can these risks be reduced?

• What other prirsc’ i~~al concerns must be addressesi in ft i~~ development
of RIW terms and conditions? How can risks in these area be
r ncI s~ 

-

• Are the potential bc ri(flts of RIW available in this procurement ,
or would other i l l s . -i,tive or support concepts be more appropriate?
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Once these questions are answered , a decision can be made whether or
- not to proceed with a detailed analysis of economic factors , development

of terms and conditions , and planning for RIW administration .

L.
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SECTION EIGH T

ECONOMIC EVALUATION OF RIW

Section Seven presented qua l i ta t ive  factors to be conside red in deciding
how or when to apply RIW to dynamic systems . This section examines the eco-
nomic analysis that can be performed to determine the financial feasibility
of an RIW program. The economic evaluation consists of establishing the dif-
ference between the expected life—cycle cost under P1W and the expected cost
if the system is sut -psir ted under normal organic maintenance. A previously
de veloped PIP  cost mode l, , m o d i f i e d  for  use wi th  dynamic systems , is used to
perform the economic comparison . The modif icat ions include the addition of
three cost categories re l r - --i :int to dynamic systems but not generally considered
in previous P1W analyses : prevent ive maintenance , overhaul/ re furb ishment ,
and fuel/energy costs. In addition , where previous models often allowed for
reliability growth with increased use , modifications weru made to allow for
negative jrowth” , or ‘ ruli abili t-5- de :a’, - ” , wh i ch represents a wearout process.

Subsection 9.1 addresses the need for and t est of economic analysis
applicable at  each p rogra m phase Subsection 8.2 presents the P1W economic
analysis methodology ; and Subsection 8.3 describes the inputs and outputs of
the d~’nami c system RIW LCC model.

? .  1 E1:s ’INCMF: ANRLYSIS DURING THE ACçItJISITION CYCLE

Economi c .~na lysis  of RIW can be performed at several points in a system ’s
life cycle. Table 9 summarizes the principal points of application .

8.1.1 Validation/Full—Scale Engineering Development.

Although RIW is part of a production contract , planning tom the use of
the concept should begin as early as possible itt the validation or full-scale
engineer ing  deve1o~’ -m.- nt  phases. At that time , the basic economic feasibility
of P1W can bi.- determined. Typically, during Ui - - - s e earl y phases , economic
analysis can determine the c f f s - t - I T  of various terms and conditions on tb  -

various levels of RIW. These analyses will comi ’ l ement d i scuss ions  with
the develcspm’-nt contractorss , which may accom~’-any the development of terms
and conditions (see Figure 4)

PRECEDING PAGE NOT FILMED
BLANN
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TABLE 9
I-~~ I iNi .?PIC ANALYSES RE LATED ‘II ’ USE OF RIW

Li fe—Cycle  Phase Purpose of i . co~icsmi c An alys is

Validation/Full Scale • Determine Economic Feasibi l i ty of P1W
E i i - ; rn c e s ’ i x i ~~ Deve lopment . -• Eva lua te  Various ~1 m - s s t . enance Concepts

and P1W li - m s

• Evaluate Sensitivity to Terms and
i , 5”l ’idl tioris

Source Selection • Evaluate Economic Advantage of P1W

Provide In~s-jts to - ou r cu  Selection

Post-Production • Evalua te  Modi f ica t ions  to Original
W a r r a n t y  Program

• Evaluate Transition Strategies

8.1.2 Production Source Selection

Since P1W api~’- l ies to production un i t s , the decision to obtain an P1W
will be made as part of the p rc-ducr . ion source selection . The ha-sic decision
is concerned with determining if the RIW price offered by tb- ’ c-cntractor
meets the economic inter- -- -stc of the Govern ment .  In other  words , the cost
cf  pji,.) mus t  bs ’ - s;o m~~an t - d with the expected benefits t cat  such a cost represents .

D u r i n g  source select ion for  the j- c duction award , the decision to use
:—iw requi res tha t  many fac tors  in add i t ion  to r-c sst5c m lcs - be conside red. Un-
fortunat (-ly, the re is no precise formula available to aid in making  th is
decision . If the application criteria in Section 7 raise no s .sb stas-les and
if there is a p ot e n ti o~ cost advar4tsa-;n for P1W , a posit i’ 55e decis ion would  be
re5i ;-srabl e . Conversely, the f a i l u re  to meet several of the Si ’-ction 7 criteria ,
tocether  w i t h  anal yses that  i ndicat -- a cost disadvantaus fer  P1 W, w s s .m l d  rea-
sonab l y lead to a n e g a t i v e  decision . Cast -s t b - I t  f a l l  in L- ”-t~~een these ext remes
w i l l  require c a r e f u l  w e i - .~hiri g of the mer i ts  of ti;’; versus -ss t }ier  support  and
incen t ive  a l ter n a t i v e s .  In any case, it is necessary to consider the accur-scy
of th—- i r m r - u t  data and to examine the ucus itivit-.- of cost di fferences to
chuiigc in input paramet’. - - l ’ s.

8.1.3 Post-Production_Award

Aft -s award of a prodsm a ion :ssntr i-u t t h a t  i nc ludes P1W , eusinomic analyses
may be performed ti  evaluate possible changes in the warrant-,- j - r - q c a m .  For

~~~~~~~~ s’l-i i. tional uses of the equipmen t may be i de n t i f ied , another  servi ct . s
may decide that t h e  equi~.-lner It  -~ il1 i n s i s t i t s  r e -lu i r emen t s , Or the equipmen t
may become a candidate for f-reign m ili t iry sales. An ana lysis may al.55o be

~m~ e4ed to detsi- m S i t u - -  t h i s  ~hanqes in the economic b e n e f i t — -- of P1W due to re-
- / i  -; rsd operational usage .
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Finally, as repair experience is accumulated under P1W , economic analyses

may be used to develop and plan maintenance and support transition activities.

8. 2 ECONOMIC ANALYSIS METHODO LOGY

Figure 5 presents an ove rview of the methodology used for  economic
analysis of P1W . Al though we will discuss the specific LCC model used in
this investigation, the basic features of this methodology would apply to any
app l icable  cos t—es t ima t ing  technique .

8.2.1 Develop Baseline Data

Step 1 in Figure 5 requi res an analyst  to compile baseline data perti-
nent to the problem. Often , specific data requirements are defined by the
medel used in ‘the analysis. As indicated in Figure 5, the LCC model used in
this investigation requires two data files : a General Data File , which con-
tains data regarding deployment , maintenance scenario , and various cost and
labor factors ; and an Equi pment Data File , which contains  spec i f i c  design
and packaging data. With this structure, the analysis of alternate designs
general ly requi res only changes in the Equi pment Data File , whi le  analysis  of
different procurement and deployment scenarios generally requires changes in
the General Data Fi le .

8 . 2 .2  Develop Point Est imate

Step 2 in Figure 5 represents the effort required to develop a point
estimate of LCC d i f fe rences  between RIW and organic alte rnatives.  These
d i f f e rences  wi l l  be computed by using the baseline data . For our specif ic
LCC program , th is  comp Lation requires the analys t  to use a computer to read
the input data files; to identify to the specific program the types and amount
of output desired ( i n i t i a l i z e  model ) and , a f t e r  the calculations have been
completed and printed , to review the program outputs .

8.2.3 Conduct Sensitivi ty Analysis

Step 3 req 5ires the analyst to examine the s e nsi tiv i ty  of baseline re-
sults to chanc’ -.ss in the input data. It is especially useful to test sensitiv-
ity to parameters that are not well known (e.g. , certain pipeline times) , or
tha t could vary in field use (e.g., MTBF).

8.2.4 Document Analysis

At step 4, the analyst will have baseline results and sensitivity result-
for cri t ical parameters. This in fo rmation will form the basis of an economic
review of RIW.

8.3 LCC MODEL FO R ECONOMIC ANALYSIS  OF R IW

The LCC model developed for this investigation is an adaptation of models
4 -vs-loped by A R I N C  Research Corporation for the analysis ot Air Force avionics
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and ground electronics s”stems. The model permits comparisons of the LCC
of a procurement with P1W and with organic mairitenmnace. The life-cycle
costs of individual support strategies are not complete LCC estimates , since
they will  generally exclude cost elements that are the same or only slightly
d i f f e r en t  between a l ternat ives .

- 8.3.1 Objective of the Model Development Effort

The principal objective in developing this model is to permit an analyst
to identify the potential economic benefits of P1W for a specific procurement ,
without extensive data inputs. For this reason , many inputs are averages over
art equipment or averages across all User , Direct Support , or General Support
activity . Thus the model has sufficient detail to identify (in a general
sense) potential P1W benefits (on the lack thereof) and the cost categories
where these benefits may be found. If more detailed analysis are required ,
other models must be found that will permit finer gradations in the analysis.

Table 10 presents the cost categories that appear in the model. These
cost categories will be discussed further in Subsection 8.3.3. As noted in
Table 10, three cost categories have been added to earlier RIW LCC models
to reflect the potential requirements of dynamic systems : Preventive Main-
tenance , Energy/Fuel, and Ove rhau l/Refurb i shment .

TABLE 10
COST CATEGORIES FOR ECONOMIC ANALYSIS OF RIW

Acquisition

I n i t i a l  Spares

Replenishment Spares

Corrective Maintenance

Preventive Maintenance*

Warranty Price

AGE

Energy/Fuel *

Overhaul/Re furbishment*

S 
Data

Inventory  Management

Other Costs

*Added for dynamic systems.
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s~.3.2 Model Inputs

For the LCC model used herein , two data f i les  must be developed:

• A - . e t s - - r a l  Data File , which contains information describing the
organic and RIW maintenance concepts , pipeline times for the
logistics cycles being analyzed , average labor rates for contractor
and Government personnel , expected reliability growth (or decay )
rates under warranty and organic support , deployment schedules ,
average usage rates , and other similar factors .

• An I-~s.p u i pm ent  Data File , which contains data more direct ly related
to equipment design and packaging. This file includes a system
hardware description that identifies the equipment being warranted,
the ssthassemblies within the equipment , and the modules within each
subassembly . Various cost , reliability , and maintainability data
are required at each level of equipment description . At the equip-
ment leve l, data requirements include overhaul/refurbishment rates
and energy/fuel costs (as applicable).

Details on the contents and formats of these data files and speciUc
definition of data involved are presented in Appendix D.

8.3.3 Model Outputs

There are two principal outputs of the P1W LCC model: the point  est i m a t e ,
broken down by cost category ; and the sensitivity-to-warranty-j.-e r iosl analysis.
Together , these outputs can be used to analyze a specific procurement.

8.3 .3.1 Point Est imate

Table 11 shows for a particular set of inputs the LCC for ten years of
organic maintenance and the LCC for four years of P1W (followed by six years
of organic maint enm snce). (A ten—year useful life was a model input.) The
tv--s lead lines in the table show the est imated warranty price for  four  years
and the cost of warranty in t e r m  of the acquisition cost of the equi pment.
The latter figure is expressed as “ Percent  per Year  per In s t a l l ed  Set ,
which is calculated from the formula:

Total Warranty Price 100
(Number of Years of Warranty) (Hardware Acquisition Cost)

The cost categories in Table 11 are those shown in Table 10; fIst - st costs are
u l e f i r i -d below . Appendix D provides additional - le t t ils on the methodology uned
to calculate each cost category .

Acquisition

Acquisition costs; include the costs s f  the equipment to be installed
(or deployed) , but not the cost of - }u -mr es - ; . The acquisition costs may be
the same for both warranty and organic, but this is not necessary .
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Initial Sparing

The initial sparing category includes the cost of recoverable spares
required for support of the installed items . With respect to life—cycle
cost, it is necessary to consider the spares cost associated with transition
from warranty to organic maintenance . Generally , at the time of transition,
there will be an excess of spare subassemblies since these subassemblies
were the only class of spares available under P1W. In the model, it is
assumed that any excess spare subassemblies will be disassembled and used
as repairable module spares and that any remaining module spares requirements
will require additional purchases.

~~plenishment Spares

The replenishment spares category represents the cost to the Government
of purchasing expendable or throwaway modules to replace those which are dis—

L carded after failure . It does not include parts used at organization , DS,
GS , or depot repair (included in labor rates) or condemned items not normally
thrown away (included in corr--ctive maintenance repair costs).

Corrective M a i n t e n - t r i c e

The corrective maintenance of equipment can be divided into on-equipment
and off-equipment maintenance . It includes the labor and material costs
incurred by the Government to perform corrective maintenance at the user/DS
level. Generally, such maintenance consi-;t ;: of a remove-and—r€place action ;
however , certain types of equipment may require repair at the user/DS level.
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Off-equipment maintenance consists of the GS and depot maintenance
costs incurred by the Government. This category includes both labor and
material costs.

For organic maintenance , the cost elements of corrective maintenance
include the following :

• Labor and material for fault verification and module replacement

• Depot labor and material for units  that are Not Repai rable This
Station (NRTS)

• Depot labor costs for repairable modules

• Replacement costs for condemned repairable modules

For P1W , this cost includes labor and incidental materials incurred
at organization , DS, and GS to perform fault—verification activity .

Pre ventive Maintenance

The preventive maintenance category includes the cost incurred by the
Government for preventive maintenance .

Warranty Price

The warranty price is the price paid to the contractor for supplying
the warranty and associated P1W data products.

The analyst may input a warranty price if one is available. Otherwise ,
the model will estimate a price on the basis of the expected repair activity
at his facility. The model develops the P1W price estimate to be used for
early feasibi l i ty studies or independent cost assessments.

The following major cost elements are used to estimate a contractor ’s
P1W price :

• Fixed costs for facilities and equipment

• Recurring P1W repair costs

• Warranty administration and data costs

• Risk

• Prof i t

Ground Equi pm en t  ( AGE )

The AGE catego ry includes the cost of user , DS , GS , and depot test
— equipment that is required to support the operating equipment. Generally,

more complex test equipment will be required to perform organic maintenance
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than to accomplish warranty repairs . However, at transition from warranty
to organic repair , additional test equipment will be required , such as that
required at the depot level. Savings may be realized because the cost of’
additional test equipment is discounted.

Energy

Energy costs represent the direct costs of the energy or fuel used to
operate the warranted equipment. These costs are entered into the LCC pro-
gram as a cost per operating hour for energy for the equipment. Although
this cost will often not differ between RIW and organic modes, it is
included in the LCC model for two reasons:

• For some dynamic systems , energy costs are a s i gn i f i c an t  proportion
of LCC. Including this category can put into perspective any di f-
ferences in cost between P1W and organic support alternatives.

• Small differences between the costs per hour under P1W and under
organic  operation can produce major LCC impacts since they are magni-
fied by the population ’s operation-hour schedule. This situation can
occur if , for example , a pump is manufactured r-id repaired under P1W
with slightly greater attention to tolerances and lubrication features
(to reduce the number of returns under P1W). The extra attention
cou ld a f f e c t  t he pump ’ s e f f i cien cy and red uce its energy cost a few
percent below the cost that would be incurred under organic support.

Overhaul

The overhaul category includes labor , material , and transportation costs
to the Government of p e r i o — h i c  overhaul  or refurbishment  of equipment.  As
with the energy category , there are two reasons for  including this  category
in the LCC model. For some dynamic systems , th is  cost can be a significant
contr ibut ion to LCC , and i ts  calcula t ion can put  other cost differences into
perspective . On the other hand , it may be possible to identify differences
in the costs of P1W overhaul and the costs of organic-support overhaul .
These differences could make sizable contributions to LCC differences.

Data

The data catego ry includes the costs to purchase data associated with
the equipment acquis i t ion .  Data for a w a r r a n t y  procurement  are generally less
expensive i n i t i a l l y  than data for  o r g a n i c  maintenance . Therefore , at transi-
tion , the costs to purchase any add i t iona l  r equ i red  data are included as in-
puts to the model.

Inventory Management

Inventory management costs are the annual costs of managing items in
the Army inventory. Only those items (parts and modules) which are unique to
the equipment are inclu&d. For warranty (where maintenance is at the sub-
system level), there will initially ~~~si man y fewer uniaue items than for
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organic maintenance (where depot repair will require management down to
the part level). At transition , these items then become Army
responsibilities.

Other

The “other category includes any LCC factors associated with a partic-
ular procurement that are not covered by the first 11 categories in Table
10. Under organic support, this category could include the cost of reliability
t ests that  migh t be run if P1W is not selected. On the other hand , this
category could include any special warranty administration costs that are
anticipated if P1W is selected.

8.3.3.2 Sensitiv~~~ —to—Warranty Period Analysis

Table 12 shows an P1W period analysis , which is standard output of the
LCC model. For a given set of inputs , the model calculates organic-maintenance
life—cycle costs ($7.3M in the table —— the same as the organic cost in Table
11 since these figures are taken from the same run) . Also shown are the RIW
costs for various—length RIW5 . Here , the useful life of the equipment is
assumed to be 10 years. Ten alternatives have been computed , with N years of
P1W followed by 10—N years of organic . Each line of the table show s w ar r a n t y
LCC in dollars , the savings (posi t ive n umber) or loss (negat ive numb er)  for
this a l ternat ive when compared wi th  organic  LCC , the warranty price for the
alternative , and the average equipment MTBF for the alternative (which reflects
any differences in warrartty and organic growth rates —— none were assumed in
this analysis). In Table 12, the line labeled 4.00 shows a warranty LCC and
warranty pric e equal to those in Table 11. Thus , while Table Il provides the
details of a point-estimate comparison of P1W and organic LCC , Table 12 ex-
amines the sensitivity of LCC to the length of the P1W period. If an analyst
desi res  to make changes to the input data , revised versions of Tables 11 and
12 can be produced to examine the impact of ttese changes . This is exactly
the procedure that should be used in examining the economics of P1W .

TABLE 12
WARRANTY PERIOD ANALYSI S
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SECTION NINE

SAMPLE APPLICATIONS

This section demonstrates the use of the P1W application criteria S

and the life—cycle-cost model through two sample applications . The intent
is not to arrive at a ‘yes ” or “no ’ decision on applying warran ty  but to
indicate how these tools can be used in making such a decision . Equipment
being considered for war ran ty  would normally be subjected to analysis in
relation to the warranty application criteria presented in Section Seven.
If this analysis indicated no overriding factors to preclude warranty , the
next step would normally be to conduct an economic analys is  through use of
the life—cycle—cost mode l , which compares major LCC elements for the
warranty and organic alternatives. For ease of presentation here , we will
first look at the economic analys is  through use of the model and then , in

I - 
Subsection 9.4, address the application criteria.

9.1 DIESEL GENERATOR

The first item considered in our sample application is a 60 kW diesel
- 

- F generator — - used by both the Air  Force and Army in applications such as
construction , standby power , computer systems , communications , and missile
support. To preclude p ro l i f e r a t i on  of such mobile electric—power—
generating equipments , a DoD Mobile Electric Power (MEP) Project Office was
initiated. The generator under analysis , the MEP-115A , is a s tandard u n i t
for service use. I t is procured on a periodic basis to meet combined DoD
requirements . Because it is a mi l i t a ry  design , contractors  must bui ld  the
MEP-1 15A to Government specifications. Additional d--tails on the c-quipment

- are as follows:

— 
• Engine — i O B  horsepower , 6 cy l inder , 4—cyc l e diesel

Fuel c o n s u mpt i o n  - 6 gallons per hour

Star t ing  system includes 2 ba t ter ies  ari d a l t -  - r i m a t u r

I Generator — single—bearing s p - n e l - t - m , d i r - c t - d r i v e n  by engine
through flexible coupling. Solid—state voltage regulator controls

I exciter.

• Instrumentation — Pane l  has vol tmeter , k i O w a t t  mete r , f r e q uency
meter , temperature indicat or , oil p r e s c o re  ga uge , bat tery  - n a r q i n g

I ammeter , and fue l tank gauqe .- MTBF — specifi -d at ~l00 hours for tin- , ten
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9.1.1 Assumptions on Model Inputs

Since several data elements on the diesel generator were not available ,
assumptions were made in selecting figures to approximate these data. High-
lights of our input data and assumptions are as follows (the input data
files are provided in Appendix D):

• A total of 200 generators are being procured , with 100 delivered
per year for 2 years .

• Of the 200 generators , 180 are operated an average of 60 hours per
month and 20 are basically standby units that are operated an
average of only 2 hours per month . To determine LCC sensitivity to
higher operating time , the operating time was varied so that 180 units
operated 160 hours per month and 20 units operated 80 hours per month .

• The generators are assumed to consist of an engine subassembly,
with an MTBF of 2 , 000 hours , and a generator subassembly , with an
MTBF of 666 hours. The resul t ing system MTBF is therefore 500
hours.

• The unit cost of a generator is $17 ,000 ($11,000 for the engine
subsystem and $6,000 for the generator subsystem) .

• No MTBF growt h or decay occurs under either maintenance concept.
This assumption reflects the maturity of the equipment’s design.

• Time between overhauls (TBQ) for the system is 3 ,000 hours. The
overhaul  cost is $1 , 500 under warranty and $1 , 700 under organic.
(These values were subsequently varied to $2 ,000 under warranty
and $3 ,000 under organic).

• A depot-level war ran ty  is assumed; i . e . ,  90 percent of all failures
are repaired at the direct or general support level, and the remain-
ing 10 percent require depot repair (which is covered under warranty).

• The depot-repair—cycle time is 45 days under warranty and 60 days
under o rgan ic .

9.1.2 Model Out1~~~

Table 13 j s m e a - n t ; ;  a par t ia l  output of the P1W LCC model;  this table
shows the total ten—year discounted life—cycle costs under organic mainte-
nance and then under  w a r r a n t y  f o r  each of the warranty periods. Also
printed are the associated warranty savings or loss , warranty price , and
average MTBF . For example , the 4.00 year line indicates a 4—year warranty
followed by 6 years of organic maintenance . The IiCC of this warranty/
organic arrangement is $7,165 ,316 , which is a saving of $111 ,924 from the
10—year organic LCC of $7 ,277 , 240 . Included in the war ran ty  LCC is the
computed warranty price of $163,981. Since no MTBF growth or decay was
assumed , the average MTBF during the LCC period remained at 500 hours.
(The model’s MTBF growth and decay features are demonstrated in Section 9.2.)
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I
TABLE 13

ILLUSTRATIVE COMPUTE R APPLICAT ION OF LCC MODEL
DIESEL GENE RA TOR (TOTAL OPERATING HOURS = 1, 170 , 720)  (SAMPLE A)

~[‘T ’~L DF’T ~FHI[ LIC = i

-~- r ~ f -  , P- T . ‘Pr~T L’l ’ l~~’- . I i4 I~ : - - L L -  I F- r- ~
T - 1- F F- I c E  ~-~- ‘ ~ . r- ’TE -F

I • 1W ~
‘
~~~- ‘~~~~ i c i .  ~_ j ~~:;::_ i .  T4 : ; 7~~. s i r .

~~~ • ~~- ‘I’~~~4 . ~~~~ . i ‘
-‘ 1~~’s.

c c  7~~r- t ‘:‘4~~
- . 11 ~~~~ i :~~~- 3-l -~~.

4 . ‘
-i i --

’ i ’~- 5 i ~~- . 1 1 1 ° i4 . l I~ i:~
_1
~:; 1 .  s ’:’ ’ .

1’5 r4 . s ’:’ ci .
~~~~~~~ ~~~~~~~ 5’: ’ .—, 

I i i  I l p —  I’  1~~~~
= 

~

= , I ~~it4 ~~ 11 — 
—s- 

~
_
I i i I

-
~ , , I  ~~i i ~~~- 4— :: C. I

_
_ .4  ~~~~- ~~II I’

l :. ‘:r’ ~
‘,T,Ii:3 1~

- . ~E~E54:-.E- . ~~~~~~~~

~~~

Table 14 presents an additional output of the model that shows the
l i fe—cycle  costs for 10 years of organic and for a 4-j ear warran ty  followed
by six years of organic. This output divides the total LCC i r to  the cate-
gories discussed in Section Eight. The discounted energy (fu€l ) cost of
over $2 million represents almost one-third of the LCC. Our input data
assumed usage of 6 gallons per hour at an average cost of $.5C per gallon .

TABLE 14
ILLUSTRATIVE COMPUTER APPLICATION OF LCC MODEL

DIESEL GENERATOR (TOTAL OPERATING HOURS = 1, 170 , 720)  (SAMPLE B)
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Althouc h i t  is not shown in Tables 13 and 14 , an addi t ional  output
for the initial computer run was the total operating time of 1,170,720
hours for the 10—year life-cycle period . It shou d be noted in Table 14
that the overhaul  cost ($3 20 ,139) is the same for both the organic and
warranty alternatives , even though we assumed a $1 ,500 overhaul cost for
warranty and $1,700 for organic. The reason the costs are the same in
Table 14 is that for the relatively low usage or operating-hour rate , no

- 
equi pments are due overhaul dur ing  the war ran ty  period ; therefore , all  over-
hauls are performed after transition to organic maintenance.

To demonstrate the impact of an increased operating time , we revi cod
the input so that  180 units  each operate 160 hours per month and 20 units
each operate 80 hours per month . The resultant total operating time was
3 , 283 , 200 hours ; the revised i l lus t ra t ive  computer runs are shown in
Tables 15 and 16. While the f ixed costs (such as data) remain the sane ,
the variable costs increase the organic LCC to $13 , 147 , 208 , and the warran ty/
organic LCC to $12,985,041 for a four-year warranty . The revised warranty
price is $255 ,379 , and the saving is $162 ,167. It should be r,oted in
Table 16 that the overhaul costs are lower for warranty/organic than for
organic. With this increased operating time overhauls will occur during
the warranty period and will occur at a lower cost for the input assump-
tions we have made .

TABLE 15
ILLUSTRATIVE COMPUTE R APPLICATION OF LCC MODEL

DIESE L GENERATOR (TOTAL OPERATING HOURS = 3 ,283 , 200)
(SAMPLE A)
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To -i ’ m- - r~~t , ate the impact of a greater difference between the overhaul
cos t s , we then revised i t ~~~~- costs so that overhaul was $2,000 under warranty
and $3 ,000 under organic .  Al l  other inputs  were h e l d  constant .  The r e su l t s
are shown in Tables 17 and 18. As a result of the increase in both costs ,
the organic LCC increased to $l3 ,959 ,-~:- ii and t h e  Fear-year warranty/six—
year organic increased te $13 ,620,870, for a saving of $339 ,619. The over-

haul (octs under the two a ]t ’- r r - i tives are shown in Table 18.
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V
ThBLE 16

ILLUSTRATIVE COMPUTER APPLICATION OF LCC MODEL
DIESEL GENERATOR (TOTAL OPERATING HOURS = 3 ,283 ,200)

(SAMPLE B)
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TABLE 17
ILLUSTRATIVE COMPUTE R APPLICATION OF LCC MODEL DIESEL

GENERATOR (OVERHAUL COSTS : WARRANTY = $2 , 000 , ORGANIC = $ 3 , 000)
(SAMPLE P.)
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kAHIl- . 18
ILLUSTRATIVE C -MPl5fF1~ APPL - A l  ~ OF LCC MODEL DIESEL

GENERATOR (OVERHAUL COSTS : WARRANTY = $2 , 000 , ORGANIC $3 , 000) (SAMPLE B )
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In considering the diesel gci-~era tor s , we have dem- t~ -t r a ted  the impact
of var ia t ions  in the o~-er a t ing hours and overhaul costs. The c a p ab i l i t y
of the  mode l to handle  f u r t h e r  v a r i a t i o ns  w i l l  no shown in the following
subsection .

9 .2  - N TA IHI - : I -  HANDLER

The second item of equi pment t ha t  wi l l  be considered in our mode l
demonstration is a 50 , 000 pound conta iner  hand le r .  Four hi t i er s  competed
for the Army requirement to develop a special container handler to mate
with a commercial chassis of the bidders ’ choice . The equipment is there -
fore considered a m i lit ary adaptation of a commercial item o’-t\ I) . The
W i n r I I ~~ bid resulted in a price of approx imately $175 ,000 p er  u n i t .  Contract
options provide icr as many as 600 units to be delive red over a five—year
period , wi th  the f i r a t  p r o d u c ti en  d e l i v e r i e s  t —  beqin in l9~ L’.

The solicitato-c for the conta iner  handlers contained a commercial
vehicle warranty clause that provided for conforman ce with s -cifications
for a berm -i of six months or 600 operatin-j hou r s , whichever  occurred first.
Anticipating that , many of the v eh i c l es would be p laced in stora le- , the p ro-
visions 0150 provided ~i i t  i n  the event of storage after acceptance , the
warranty per iod  w o u l d  not begin u n t i l  the items were remove d ft-em storaqe
or unt i l  six c-~~ .t li -  a f te r  acceptance , wh i c h e ve r oecu i~ i d  f i r s t .  An
additional option provided for a 15—month or 1 ,50 --o~ -~ -ra’ , i c — I i - ~~~~~ , warranty
in l ieu  ‘~) f  the si x~ month/ (i1I~~— o p e r . t t  1 h ou r  w ar r - I i t y .  Ti,e Army ~ 1 - i t ed the
l5-month/l ,500-oporating-hour warranty a l t e r  the w i n n i n g  bidde r offered the
r -x t c n d e d  w a r r a n t y  p er i o d  for 1fl a d d i ti c i - i l  $406 j - ~~ r u n i t .
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I

To demonstrate application of the model , it will now be assumed that
j  one major system of the container handler, the hydraulic actuator system,

- 
is being analyzed for application of reliability improvement warranty (RIW).
The scenario is that the commercial chassis, which has been in production

I for several years, does not present any risk, but that the newly developed
hydraulic actuator system that powers the container handler may present
problems in the operational field environment. The system consists of a
hydraulic reservoir , pump, pressure regulator, three identical actuators ,

1 and interconnecting lines. Any of these items can be removed and replaced
at the Direct Support level, but repairs of the pump, regulator , and
actuators are assumed to require depot-level maintenance because of the need

I for a clean-room-type maintenance environment and high-pressure test
equipment .

The following data are assumed regarding the equipment:

Item Cost MTBF (hours) Overhaul Cost

Pump $700 2,000 $200

Regulator $500 1,500 $150

Actuators $200 1,000 $ 80

Additional assumptions used for input to the model are as follows:

• Six hundred units are delivered over a five—year period at the
rate of 120 units per year. Of these yearly deliveries, one—half

- are put into storage and the other half are operated an average

J of 120 hours per month per unit.

Average overhaul cost is $800 per system under organic and $590

i - under warranty .

I • Average repair time is 40 days under organic maintenance and 10
days under warranty.

1 For the initial assumptions we have made, Table 19 shows the total 10—
year discounted life-cycle costs under organic maintenance and then under
warranty for each of the measurement periods. Based on constant MTBF of
24 . hours, the four—year warranty price is $297 ,915 , which results in a
saving of $119 ,720 over full  organic maintenance for the 10—year life cycle .
It should also be noted in the table that for the input assumptions we have

a — made , the greatest savings ($258 ,067) occur with an eight—year warranty
before transition to organic maintenance.

- r Two runs were made to show the impact of MTBF variations. First, we
assumed no MTBF growth under organic and a 5 percent growth for warranty .
See Appendix D , Subsection 3.2. 1 for a discussion of the growth model used

I 
in this program .

In Table 20, the MTBF grows , under RIW , to 260 hours at the four—year
transition point and then remains constant during the remaining six years

I of organic maintenanc. In Table 21, this growth results in a warranty saving
of $228 ,374, almost double the saving of the previous “ no growth” example.
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TP~BLE 19
ILLUSTRATIVE COMPUTE R APPLICATION OF LCC MODEL

HYDRAULIC ACTUATOR SYSTEM ( MTBF = 240 HOURS )

TOTAL OPI5F~r~If  L C C = ~ ~412~~14.
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TABLE 20 - .
ILLUSTRATI VE COMPUTER APPLICAT ION OF LCC MODEL HYDRAULIC ACTUATOR

ASSEMBLY (MTBF GROWTH : WARRANTY 5 pERCENT , ORGANIC = 0 PERCENT) (SAMPLE A) - [
.l~~Fpp~N1 - •~~~ ‘~i N IC rITEF GF’Dk~Tk

~ 24~~.4295 1o~~:::
2 as4 .24o’:’~ 9:7~~2
2 . 424:~7r942~
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250. 41~~1~E2531
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1’:’ 2Eo . 41E- l~25:3 ,:9

An addi tional variation was made to indicate the impact of a decay in
MTBF. Here it was assumed that under warranty the MTBF was constant, but
under organic maintenance the MTBF decayed 5 percent. The results are shown t
in Tables 22 and 23. Table 22 shows the MTBF decay under the ful l  organic
alternative ; Table 23 shows the resultant MTBF and LCC data for various
warranty periods. For example , a constant MTBF for a four-year warranty Ifollowed by decay under organic maintenance results in an average MTBF of
238 hours over the 10-year life cycle. The warranty savings under these
circumstances are $244,230. A shorter warranty period and therefore longer
repair period with more decay results in a lower average MTBF and less
savings. For example, a one year warranty and nine years ’ decay under organic
results in an average MTBF of 230 hours and a reduced savings of $82,167.
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TABLE 21
ILLUSTRATIVE COMPUTE R APPLICATION OF LCC MODEL HYDRAULIC ACTUATOR

ASSEMBLY (MTBF GROWTH : WARRANTY = 5 PERCENT , ORGANIC 0 PERCENT) (SAMPLE B)

TDT~ L ~JPGA~1IC LCI: = ~; 5412514 .
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7.0’:’ 51140257’ . 37’225.3. 527 154. 2s2.
2. c i : 5027713. 3:34755. 7’45-351. 25-2 .

1 C .  :) I) SC -4 - 127. 35~~3 3 3 .  99044 1. 262.

TABLE 22
ILLUSTRATI VE COMPUTER APPLICATION OF LCC MODEL HY DRAULIC ACTUATOR

ASSEMBLY (MTB F GROWTH : WARRANTY = 5 PERCENT , ORGANIC = 5 PERCE NT ) (SAMPLE A)

OF 3FINIC : MTBF G~ OI.”TH

1 2.3 1 . 4 ’:i7450.3’)39
2 225. 29353557
3 22.2 . ?494~~18573
4 i.21.c,1,:,47:14,:,s
S
~
7’ 217.S .35114 547
.3 216.99~ € .3T ’ :’St5
9 2 1€ .  4771122254

9.3 MODEL APPLICATION SUMMARY

( In order to demonstrate the model application , several variations were

- 1 made in input assumptions for two items of equipment. As indicated at the
beginning of this section , the intent was not to arrive at a “yes ” or “no”
decision on applying warranty, but to indicate how the model can be used to
aid in such a decision. For the equipment and assumed data in our examples,
the resultant warranty savings are relatively small in relation to the
overall life-cycle costs. For example , in the case of the diesel generator
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TABLE 23
ILLUSTRATIVE COMPUTER APPLICATION OF LCC MODEL HYDRAULIC ACTUATOR

ASSEMBLY ( MTBF GROWTH : WARRANTY = 5 PERCENT , ORGAN IC = -5 PERCENT ) (SAMP LE B)
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a saving of $200,000 represents less than 2 percent of the approximate $13
million LCC ; in the case of the hydraulic system the same saving represents
slightly less than 4 percent of the $5.5 million LCC. In some situations
the economic analysis will clea rly favor or disfavor warranty ; in other
cases the economic advantage may be so small that other considerations may
prevail. Warranty application criteria discussed in the following section
will be especially important in these middle-of-the road situations.

9 .4  WARRANTY APPLICAT ION CRITERIA

As indicated at the beginning of this section an equipment under con—
sideration for warranty is usually evaluated in relation to warranty appli-
cation criteria before the economic analysis is performed. Because we
were considering two equipments , it was easier for presentation purposes
to reverse the normal order.

Table 24 lists the application criteria that were discussed in Section
Seven. Opposite these criteria in the table are comments for each of the 

*
two items of equipments being considered. As noted , the equipments meet {
many of the criteria. However , in the case of the diesel generator, one
important criterion is not met (“The RIW equipment design has been developed
or controlled by the of feror,”).. With the equipment design controlled by
the Government , the contractor ’s liability could be limited to correcting
defects in material and workmanship or being responsible for failure to
conform to specifications. Additionally, as indicated under item 2a in the

Table, it appears that the equipment design is very mature and that there
may be little opportunity for reliability growth. A final criteria worthy
of note is item 4a. Either not performing required preventive maintenance,

i.. .- . .
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I
or inducing failures while performing it , could result in many items being
excluded from warranty coverage . The impact of this factor could be mini-

- mized through stringent maintenance control; however, for the two items
previously mentioned there is little that can be done to lessen their impact.
As a result, the application criteria coupled with the relatively small

I - warranty savings for our data assumptions, suggests that the diesel generator
is not a good candidate for warranty.

I Although additional analyses is required for some of the criteria
- pertaining to the hydraulic actuator system, none of the factors examined

- preclude warranty application. Depending on the MTBF growth/decay assump-
tions, Section 9.3 indicated a range of potential savings for warranty

- application. For example, Table 24 indicates an 8 year warranty savings
of $394 ,43b; this would represent approximately a 7 percent reduction from
the $5,549,478 organic LCC. Therefore , this initial analysis indicates

I that the actuator system appears to be a viable candidate for warranty
application and that a more in-depth analysis would be justified.
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tAbtE 24
EVA.WATUON OF APPLICATIOE1 CPFrERIA• k
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Multi ye ax funding is avail able for MW . Unknown-would require determination . Unknown- W ould require de t e rmina t ion .

The procure.wnt is competitive

The 01W equip ment design has been Addit ional anal ysis require d-s n’ee
develope d or controlled by the o f fe r o r .  No e iele ttn  of design nay have been u t -

side enot ractors  cont ro l .

Potential offerors have proven capab i l i ty  Yes Yes
and espar ierice in sapportueg equi pment .

Productson/deploysrent/usagc schedules Additional .naiysis required due to Additional analysis required - planned
support the P1W goals and r e qu ir e ment s .  va r iab le  deployment/usage schedules. storage of s ign.  ( leant  quan t i t i e s  may

preclude des i red  usage and feedback.

Adm i n i s t r a t i o n  of P1W can be - i  l i c i en t l y  A d d i t i o n a l  ana lys i s  requi red .  An i tven-  I Additional analysis required—
planned and administered , tory s in of new Was ranted items w ith  I administrat ion system nay be ns tni l i shn d-

.. o it t l  v i  unwar ran ted  items would be I no inven to ry  ella pruhleet  s ince new tees.
d i f f i c u l t  to adminis t~ y .  L

Equipment

the maturity of equip ment re l iab i l i ty  is Addi t ional  analysis  required - appears Additional analysis roquired — opportunity
at an appropr ia te  l e v e l,  t hat design is c r y  mature  - may be fsr growth may be pr csr nt.

l i t t l e  o p p o r tu n i t y  for g r o w t h .

Item can be marked or labn lad  to chow Yes Ye.
enistence of CIV coverage.

The it e m  operates inde pendent 0) o th . - r  Yes Yes
syste ms not covmr ed by the P1W .

The item has a modular design to Yes Yes
s imp l i f y  f a u l t  isolation .

An el apsed-time Indicato r (El i van be You Addit ional ane lys is required - ETI would
ins ta l l ed  on the i t em) , provide chassis ope ra ting  tile , the

opera t ing  time of con ta iner  hand le r
actuator ass eetly may have to be pro-
rated .

Operations

Use envIronm ent  ~o known or Except for opernt ing  rates use Un c e r t a in y se ntcraqe and possible pre-
predicatable. environment is g e n e r a l l y known. nervatif l v require ments indicates need

for  f u r t h e r  a n a l y s i s .

Item operat ional  r e l i a b i l i t y  and ‘~Ma Yes
main ta inab i l i ty  see predictable.

Item war t ime  or peacet ime mission Addi t iona l  a c a l y s i s  required — some per- Add i t i ona l  sna ly eie  requ i red  - some per—
crit it ality not impacted . cent of to ta l  quanti t y cay be very crr.t of total  quantity may be very

c r i t i c a l  in w a r t i m e . v r i t lcu i in  w a r t im e .

Operat uo mal fa i lu re  aod usag e data Addit ional analysis required em cap.- Additional analy s is req uir ed nn capa-
can be supplied to the contractor. b i l i ty of data sys te ms .  b l l i ty of data system s .

Suff ic ient data will ~e available Addit ional analysis required on caps— Additional anal ysis  required on cepa-
to c~~~,ate or estimate Mist cc b i l l Y ,  of date syste ms , bi lity of data system.
other reliabil i ty parameters.

Support

There is l i t t l e  opportunity to induce Op p o r t u n i t y  tv induce f a i l u r e .  is rela— Oppor tun i ty  to induce f a i l u r e s  is eel.-
failures during Prev ent iv e Maintenance t lvely high. t ivuiy low .
and Inspection (Peal) Avt iu ity .
F~ ilwrea are riot liJimly to be induced
i f  P551 ie not performed as required.

Contractor can vseify performance ci lee Lit t i r  Cc no PM! a~q . l . r a b l e .
Pea l

Unauthorized maintenance ran be Additional analysis reqwir .d — unautho- Equ ipmen t  design should minimize anaathe—
ceetro lled.  r i nd maintenence may be likely , riced maintenance , bat additional an al y .mn

rc ’)u i ~~r d .

It em i, field teet abk e w ithout Y es net
exten s ive d le asse ,eb ly .

mi se r and maintenases organinations Ye, Yes
have app rop riate tr ainepo r r..t ion/
pack aging capabilit lee to support apr .

Ye e or No Indicates that criteria is or is non met.
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SECTION TEN

CONCLUSIONS

On the basis of investigations conducted for this study , the following
conclusions are made :

Commercial Warranties for Dynamic Systems - In the commercial market-
place , the manufacturer uses warranty as a marketing and sales tool
in a competitive environment. Buyers wil l  use it , if convenient , as
a cost-avoidance tool. Not all buyers are interested in this aspect
of their equipment purchase.

Military Adaptations of Comme rcial Warran ties - The Army has adapted
commercial warranties for vehicles for several years . Improvements
in administration would further increase benefits to the Government.
When adapted for service purchases , commercial warranty practices
present an opportunity for reduced material costs , and perhaps labor
costs , when properly applied. However , there appears to be little
direct opportunity to influence equipment design or improve equip-
ment reliability and maintainability characteristics for a specific
procurement.

• Current RIW Guidance - Cur rent RIW guidelines primarily address the
characterisitcs of avionics equipment and the environment in which
this equipment is operated and maintained.

Avionics versus Dymanic Systems Environments

There are differences between the avionics system and dynamic
system environments that can prevent , limit , or otherwise restrict
the di rect application of existing P1W practices. While some of
these di f ferences are related to design aspects of dynamic systems,
others -- equally important -- are due to procurement , operational ,
and support factors. These factors can reduce a contractor ’s
opportunity and incentive to meet the goals of RIW.

e• Selection of appropriate candidates for RIW among dynamic systems
) is more d i f f i cu l t  than among avionics equipments because dynamic

systems have greater dependence on commercially available items
and are subject to greater variability in operating and support
conditions.

I
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P.1W for Dynamic Systems -

The P.1W application criteria developed in Section Seven are
adapted from existing avionics criteria and address the dif-
ferences that have been observed between RIW avionics and --

- dynamic system procurements. 
- I

Two types of dynamic system P.1W plans have been identified ;
when properly applied, they of fe r the potential of meeting the -

goals that RIW is achieving in avionics procurements.

A limited number of RIW-type contracts now exist for dynamic
systems. They have been applied to aircraf t—related systems ,
in contrast with the fixed or mobile ground—based systems pro—
cured at ME RADCOM.
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SECTION ELEVEN

RECOMMENDATIONS

On the basis of our investigations and the conclusions stated in
Section Ten , the following recommendations are made :

Identification of RIW Candidates

The project managers and laboratories at MERADCOM should
review current and projected programs to identify programs
that have potential for the application of RIW. The appli-
cation criteria in this report , together with any appropriate
LCC model , can be used to accomplish this review. Of parti-
cular interest should be programs approaching or entering ful l-
scale engineering development, expecting competitive bids for
production , and containing newly developed dynamic systems
rather than systems adapted from commercial designs. These
programs should of fe r  the greatest potential benefi ts  from use
of RIW.

a s  A small number of items from the identified candidates should
be selected as test cases for the application of RIW to dynamic
systems. Decisions to pursue RIW can be made after detailed
administrative and economic analyses are completed (preferably
during FSED ) .  A f inal decision to apply RIW can be made during
source selection for a production contract.

e P.1W Administration
a s  For the initial equipments that are procured by MERADCOM under

RIW , it is recommended that management responsibility for that
equipment remain with the cognizant ME RADCOM off ice  throughout
the RIW period. During these test applications , it is important
to retain continuity of contract administration and P.1W
implementation.

A field data collection and analysis program should be established 
a

for these test applications of P.1W. The data should be used to
evaluate the qual i ty  of implementation and evaluate administra-
tive problems that arise during implementation and to assess

• the value of the RIW programs in these applications.

I
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As these recommendations are being implemented , we also recommend
that a single p’. int of contact be established at ME RADCOM to coordinate
P.1W activity within the command and to update periodically the dynamic
system warranty experience identified in this report. This point of con-
tact should be identified to the DARCOM Directorate for Quality Assurance ,
which is responsible for Army warranty review.
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I APPENDIX A

LDNS RIW TERMS AND CONDITIONS

I
This appendix contains Warranty Terms and Conditions for the Singer-

Kearfott Initial Production Contract DAABO7—77 — C—2~ 26 for LDNS .

I
( .
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WARRANTY TERI S AND CONDITIONS

Part I - Statement of Warranty

1. Notwithstanthng Government inspection and acceptance of Supplies
and services furnished under this contract or any provisions of this contract
concerning the conclusiveness thereof , the Contractor warrants that each
Lightweight :oppier Navigation System AN/ASN—128 (XE—2) consisting of~

Receiver-Trsnsm,itter-’Antenna, Radar RT-1l93(~cE-2)/ASW-l28,
Computer Display Unit CP—1252 (XE-2)/ASN-128, and
Converter , Signal Data , R,ada,r CV-.3338(XE—2)/ASN—128

(hereinafter referred to as Units) furnished under this contract will be free
from defects in material, workmanship, and design and will operate in its
intended environment in accordance with contractual specifications of this
contract for the warranty period set forth herein and as it may be renewed
under the provisions hereof. This warranty is in addition to and does not
affect or Limit the Government tm s rights under ‘y other provision of this
contract.

2. Any Unit  furnished under this contract that fails to meet the
aforesaid warranty and is returned to the Contractor by the Government shall
be either repaired or replaced at the Contractor~ s sole option and expense,
so as to operate in accordance with said contractual specifications. Satis-
factory operation of a Unit shall be demonstrated by successful completion of
the Acceptance Test Procedure (ATP ) contained in CORL ttem No. OOI3AF . The
Contractor ~s not required to perform cosmetic repairs on Units returned under
this warranty . Unless agreed to otherwise by the Government , all warranty
repair and test activity shall be performed by the Contractor. The Government
shall have the right to witness test act~.vity and review the documented
results.

3. For the purposes of this warranty , the Initial Anniversary Date (LAD)
shall be defined to be the date of successful completion of DT III PV’r—G
(Production Validation Testing — Government) testing. The Contractor will
be notified of the LAD date by the ACO prior to release of the PVT-G Teat
Report. In any event , such notification will occur no later than 90 days
after  the successful conclusion of PVT-~G testing . This rAD will be used
to establish reporting and adjustment periods for this warranty .

4. For all Low Rate Init ial  Production (tRIP) Units  purchased under
th is contract, the ~nit ial  warranty period shall start upon government Tacceptance of the Unit (signing of the 00250) and shall extend un t i l  48
months after the lAD def ined  in Part I , paragraph 3. The warranty period ‘ -
specified herein may be renewed for additional periods at the option of the
Government . The Contracting Officer and the Contractor agree to negotiate
in good faith the price ~or any renewal of the warranty period .
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5. The Contractor shall not be obligated tn pay for the repair or
replacement of any Units under this warranty for nonconformance, loss, or
damage by reason of (1) Non-LONS induced fire, (2) non-LDNS induced explosion .L. (3) submersion, (4) aircraft crash, (5) enemy action. (6) natural disaster,
suc h as flood , hurricane, tornado , earthquake, or lightning, or (7) accidental
or wil l ful  mistreatment . These exclusions apply only to loss ‘r  damage
occurring at locations other tha n those owned or controlled by the Contractor
or whete a defect in the Unit is not a cause of one or more of the above
listed events. Clear and convincing evidence must accompany the Contractor ’s
claim for relief from warranty obligation for any of the above listed
exclusions.

While broken seals per se are not cause for exclusion from the warranty
provision, the Contracting Officer will consider this together with all other
evidence which may be submitted by the Contractor in support of a claimed
exclusion from the warranty provisions.

6. Notwithstanding the provisons of the “Inspection” (1958 May) Clause
(ASPR 7—103.5(a)) regarding the conclusiveness of acceptance and the waiver
of defects which are susceptible to discovery prior to acceptance, the
Contractor shall be obligated to repair or replace any defective Unit in
accordance with the terms and conditions of this warranty. The rights and
obligations of the parties under this warranty are in addition to and independ-
ent of the rights and obligations of the parties under the other provisions of
this contract. Except as provided by the general provision of this contract
entitled “Inspection~ • the Contractor ’s obligations and the Government’s
remedies for repair and replacement are solely and exclusively as stated
herein. In no event shall the Contractor be liable for special or consequential
damages.

Part II — Contractor Obligations

1. Contractor—initiated ECPs to improve Unit reliability or maintain-
ability at no change in contract price are encouraged under this warranty .
All Government approved no change in price ECP5 shall be incorporated into
all new production units and into applicable prior production Units returned
by the Government to the Contractor for repair. As a part of each no change
in price ECP , the Contractor agrees to submit a schedule of prices to the
Government for supplying the necessary parts (modification kita , instructions
or other necessary material and supplies) for Units in the Government inven-
tory for which the warranty has expired or will expire and which are known
not to be of the latest configuration. The Government option to buy these
necessary parts (modification kits , etc . )  at the ECP price schedule shall
extend until the earliest warranty expiration date for the LONE , as a minimum.

This provision does not limi t the Contractor ’s rights or privileges to
develop and submit cost ECPs for other purposes.

2. The Contractor shall cause a suitable and prominent display of
warranty information in form and content suitable to the Contracting Officer
to be placed conspicuously on the surfaces of each Unit under warranty. A

4 typical -example is shown in Figure 1.

I
I

I
99

- - ~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~~ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
. — — -~ ~— — . .



- . 1

3. The Contractor shall cause a suitable label for permanently recording
Unit installation and removal data in form and content suitable to the -

Contracting Officer  to be placed conspicuously on the sur face(s)  of each
Unit under warranty. A typical example is shown in Figure 2. -

WARRANTY NOTICE

1. This unit is under warranty until  (Date to be in.eerted) .

2. Do not break or tamper wj.th warranty seals . I
3. Veri fy  failures using approved procedures and test equipment 

-

of TM (To be inserted). 
-

4. Record failure circumstance data and line tester findings on
(Appropriate form reference to be inserted).

5. Package in accordance with Section II of TM (To be inserted) .. —

and promptly return with failure circumstance data and line
tester data to (Insert contractor ’s address). —

FIGURE 1 (‘rypical)

Installation Data
FOR CONTR ACTOR -

Date and Time Totalizing Meter
____________ ________ _____________ _______ USE ONLY

Installed Time Removed Time Code - -

1

2
____ ________ ______ ________ ____ _________________  

t~
3

ii

5

6 -r
FIGURE 2 (Typical)

I
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Note that there is a “Code” column next to the removal data in which the
Contractor will record , on returned Units only, a code representing the
result of Contractor/ACO action . The coding scheme is as follows :

0 - Unit removed for other than warranty repair

1 - Failure not covered under warranty
(ACO concurrence)

2 - Failure verified , corrective ac:ion taken
under warranty

3 - Failure not verified (ACO concurrence)
4. The Contractor shall provide and install appropriate seals for all

Units which shall minimize inadvertent seal breaking. Furthermore, the
design of the seals Should be such that a breaking of a seal through tampering
is detectable.

5. The Contractor shall submit for Government approval the proposed
content, wording, placement , material, and method of application of the items
required in Part II , paragraphs 2, 3, and 4.

6. The Contractor shall insert a notice in all technical manuals that
cover the Units, to the effect that they are under warranty . The Contractor
shall place those warranty provisions applicable to using activities in all
pertinent Technical Manuals developed under this contract.

7. The Contractor shall maintain throughout the warranty period a
fully operational warranty—repair facility located in the Continental
United States. The Contractor shall maintain at this repair facility a
secure area for storage of Government-owned spare units and repaired uni ts .

8. In the event of a failure of a Uni t ,  the Government shall promptly
notif y the Contractor in writing or by electronic message (e.g., TWX ) of said
failure.

Upon receipt of such notification, the Contractor shall package and pack
in accordance with best commercial packaging practices and ship a replacement
Government—owned Unit from the secure storage area to a Location designated
by the Government. To the extent possible, Units will be selected for shipping
from the secure storage area on a first—in/first—out (FIFO) basis. Such
shipment shall be made within one working iCy from the time of receipt of
notification, but in no event shall such shipment be made later than 96 hours
after receipt of notification. For shipment , the Contractor shall use a
Government Bill of t ..ading (GBL) accompanied by a DO Form 1149 for transfer
of Government property accountability. In the event there are insuff ic ient
Units in the secure storage area to meet demand s , the Contractor shall follow
a shipping—priority system as directed b~ the ACO.

9. Units returned to the Contractor for repair or replacement under
this warranty for which the Contractor cannot verify any nonconformance sI’sll
be subjected to and pass this contract ’ s approved test procedure, packaged. and

I

1~
I
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delivered to the secure storage area by the Contractor.  This shall be done at
no change in contract price unless the number of such returns exceeds (a) an
average of two such returns per month or ( b i  25 % of the total n umber of all
returned ~nit~ in the reporting period, whichever figure is greater. For
purposes of this adjustment, the reporting periods are defined to be twelve
month periods beginning with the LAD . The Contracting Officer will annually
adjust the contract price and make payment to the Contractor at the rate of
$200 per Unit for the number of such returns that exceed the foregoing amount
in each reporting period . For the purposes of computation, the returns of
all Units will be combined . The Contractor shall promptly present evidence to
the ACO or his designated representative that nonconformance of a returned Unit
cannot be verified. The ACO shall review and corroborate this determination.

10. The Contractor shall repair , replac e and/or install approved ECP
modifications, perform and pass the Contract s approved test procedure,
pack age , and store a returned ‘Jnit for wh ich  this warranty is in force in
the secure storage area in an average time less than or equa l to “Tspec” 

—calendar days as defined herein. Each Unit ’s turnaround time starts on the
day it is received at the Contractor ’s repair facility and Joint inspection
is made by the Contractor and Government representative and ends on the day
it  is placed in the secure storage area ‘~r shipp~~ to a Government location.

Calculation of the Contractor ’s average turnaround t~ me shall be made
over six—month periods. The f i r s t  such period sha l l  s tart  wi th  ~~~ in i t ia l
anniversary date , and subsequent six-month periods shall follow consecutively
unti l  warranty termination. If the average turnaround time ~n a six—month
period exceeds the specified value, as computed from warranty data records,
the Contractor will be assessed a liquidated damage in accordance with the
following formula:

Liquidated Damage $25 x (T - Tspec) X R - -

This formula is based on a liquidated damage ~t $25 per day for each
Unit which, on the average, exceeds the spec~ fied turnaround time. Such a
fixed amount is established and agreed to by the Contractor in recognition
of the fact that actual liquidated damages are difficult, if not impossible,
to determine.

in this formula:

R number of returned Units  that have been received by
the Contractor during the s ix-month period and which
are not subject to the exclusions of Part I , paragraph 5.

T average turnaround time of the R returned Units during the ___

six—month period calculated to three decimal places from
the equation T — D/R. 0 is defined as the total number of
calendar days for Contractor processing of the R items
returned for warranty service.

Tspec Specified turnaround time Tc + Tm

• 1
I
1
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The following table defines Ic for each measurement interval :

Interval Tc(calendar days)

LAD to LAD + 6 mos 30
lAD 6 Inos to LAD + 12 mos 25
I A D + l 2 nos to t A D + l B sr.s 20

Intervals a f t e r  TAD + 18 mos 15

I Tm is a turnarouna time adjustment which depend s on achieved MTBF and is
I defined in Part V, paragraph S.

- 
Liquidated damages will not be due for a measurement period if , during( the period (see Par t II , paragraph 8)

- (a) The Government contractor had sufficient assets in the bonded
storeroom to meet each asset demand during the period , and

(b) each such demand was met within the 96 hour time limit.

The Contractor shall not be charged with liquidated damages when the
delay arises out of causes beyond the control and without the fault or

I negligence of the Contractor and its Sub—contractors , as defined in paragrarh

j Cc) of the Default  clause of the contract .

11. The Contractor shall have a continuing responsibility to accept
- for correction and ECP installation and to complete the correction or ECP

I installation of . or furnish a replacement for , any Uni t  shipped to the
I Contractor ’s repair facility with a shipping date on or before the last day

of the warranty period as extended notwithstanding any other provisions of
this warranty. Any replacement units fu rn i shed  under this warranty must be

I of the latest configuration and must pass the applicable ATP .

I - 12. The Contractor shall maintain records by serial number for each
Unit under warranty as required in Part Vt hereunder. These records shall
be made available to the Government at the Contractor ’s plant upon request

I during the warranty period and for two years following the expiration of

I warranty on any LRIP Unit.

Part III - Government Obligations
1 1. The Government shall, to the extent possible, verify failures
I utilizing Government/Contractor approved technical orders prior to the

return of Units to the Contractor , provide failure date and fai lure circum-
stance data to the Contractor , and use appropriate packing and packaging when
returning Units under warranty . However,’ in the event that any or all of

I these conditions are not met,  the warranty shall remain in ef fec t  for such
- Units.

F 2. In recognition of the high contractor motivation for total cost- control effectiveness through the incentive feature of this warranty,  the
Government agrees that all no change in contract price ECPs which are com-
plete and submitted in accordance with MIt-ST D—48 0 to improve reliabili ty

I.-
I
I
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or maintainability I t  the Units  will receive expeditious processing through
the approval cycle. Notwithstanding this special processing, any such ECP
shall be automatically incorporated 11 t :~ e contract by the Government thirty-
five (35) calendar days after receipt of such EC? by the PCO unless the PCO
has is~usd a written notification of its non-approval prior to that date.
ECPs developed and submitted for other purposes wi l l  be subject to the norma l
ECP review cycle.

3. The Government shall establish within its organization a single point
of contact to colmeunicate with the contractor its requirements under RIW 

—
inclisiing, but not limited to , shipping instructions and establishment of
priorities on shipments.

4. Analyses which identify contract price adjustments or needs for
engineering analysis -or corrective engineering actions in Parts IV and V —
shall be reviewed by the Zontractsng Officer and approved by him prior to
implementation of these actions, The contracting Officer ’s decision shall —
be final,

Part LV - Miscellaneous

1. Upon receipt of a returned Unit at the Contractor ’s plant or repair

~acilsty , a 2o:nt inspection shall be made by the Contractor and the resident
Government quality assurance representative f~~r the purpose of categorizing
the warranty status f each Unit. The representative shall report nis findings
to the contracting officer, There is a presumption that a returned Unit is
covered under this warranty and only the provisions of Part I, paragraph S
ther.of shall void the Contractor ’s responsibility to repair or replace at
no cost to the Government under tr’.is wartant’ . In the event of a cOntroversy,
the Government reserves the r ight  to make a final determination as to whether
any Unit is covered by ‘-nis warranty. The Contractor may exercise his
prerogative under thu Lisputes Art icle of the contract.

2 .  The COntractor agrees to enter into a separate contract with the
Government t-: :over the correction, repair , replacement, or disposition of
U nits that have susta ined  i aii u~ e attz’ibutable by the Government to the causes/
events set fo r th  in Par t  I , paraaraph 5. —

Each suc h Un i t  return ed for repair  w h i c h  upon examination at the Contractor ’s
f ac i l i ty  is oat considered by t o e  .cvernment to be economically repairable
s(~ali be disposed of by the .cntrsctor as directed by the contracting officer.
The Contractor shall have t:.e r~~ nt -o assess charges :or any reasonable
servi ces performed as directed by ‘he contracting officer in connection with ‘

the disposit ion of any such nonrepasrabi. Un i t .  Any mater ia l  required to be
furnished by the  Contractor  in connection with shipment of such Units shall be
subject to equitable ad~ ustment . The C-~r. t ractor  may retain any such Units with
th. approval .f the Contracting Cffxcer 1f reimb ur sement is made to the
Government for its reasonable value.

3. Any Un i t  r e turned  n the Government a f t e r  replacement hereunder shall
have applied n e r e t o  the calao -;e of th e w a r r a n t y  period of the Uni t  i t  replaces.

When more thai: 10 per ent of th.? Units provided under this contract
have sust ained damage a t t r ibu tab le  by the ACO to the causes/events set forth

—I
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f in Part I. paragraph 5. and are not corrected or replaced under the provisions

of Part IV , paragraph 2, or have otherwise been certified by the Contracting
Officer as lost or damaged beyond repair. an adjustment in contract price
shall be made for the unused portion of the warranty for the Units exceeding
the 10 percent threshold.

For each Unit for which such adjustment is applicable, the Contractor
shall rebate the Government at the rate of 0.0160 percent per day
per Unit of the system P1W price in CL I N OO16AA . The rebate will apply to
the unused portion of warranty t ime starting with the day the Unit was declared
lost or damaged beyond repair.

5. The Government shall not be obligated to provide facilities, tooling ,
or equipment of any type for Contractor performance under this warranty
except where Government Furnished Property is identified in the contract.

6. An average operate time of twenty (20 )  hours per month for each
Unit delivered to the Government is expected for the LOWS equipment . Start-
ing twenty-four (24 )  months a f t e r  the Initial Anniversary Date (as defined in
Part 1, paragraph 3) and annually thereafter, the contract price shall be
adjusted upward or downwa rd to account for significant deviations (greater
than plus or minus 10%) from this 20—ho ur standard during the previous twelve
( 12) month period . No adjustment shall be made for an operating differential
in the period between contract award and twelve (12) months after the initial
anniversary date.

Such adjustments shall be made by analyzing the elapsed—time—indicator
(ETI) readings of all returned Units during the preceding twelve ( 12) months
to estimate total operating time and comparing this estimate with the expected
total operating time based on a 20 hour per month average.

Expected total operate hours (EXIOP) over an N month period is calculated
as follows:

E X T O H — N x O T x M

::re

Nj is the total n umber of LOWS Units accepted by the Government
through the end of month j of the N month interval

OT - 20 hours per month , the expected average
operate time per month per Unit

M — number of months in the period

Estimated Total Operate Hour s (ESTOH) over an H month period is
calculated as follows:

ESTOH • D x AOl x
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where 
-

0 — number of calendar days in the H month period I
SOT • estimated average operate time per day

E t~~~ Timej 
—

—

I
and n3 is the total number of LOWS Unit S accepted by the Government which are
under warranty,  and not at the Contractor ’s repair facility or in his secure - 4

storage area at the end of month j  of the N month interval.

All Units received at the Contractor ’s repair facility during the measure-
ment period will be used to compute AOT . - -

Time j for a Uni t returned during the measurement period is defined to 
-

be the ElI reading of the Unit when received by the Contractor minus the ETI
reading of the Unit when last shipped by the Contractor. L’l Days~ for a Unit
returned during the measurement period is defined to be the total number of -‘ -

calendar days the Unit was out of the Contractor ’s repair facility or secure
storage area starting with the date the Unit was last shipped to a Government
installation up to the date the Unit was again received by the Contractor.
It is noted tha t the values in the numerator and denominator of the above
equation must be based on the same Units .  If the Uni t ’s ElI is inoperative or -

its data not available, then that Unit ’ s data shall be excluded from the
calculation of AOl .

The usage ratio (UR) for the measurement period io  given by: —

U R - ~~~~~~~ .1 I
The correction factor (CL) for warranty payment for the period is given by —

5 ( U R ) + ~~~~~ a < UR ( .9

CF — 1.0 .9 < (JR ( 1.1

5 ( U R )  + ~~~~~ 1.1 < UR
9

The warranty price adjustment ( AWP ) due to equipment usage over the ‘
~~~~

‘

interval is calculated in two parts. Lot systems supplied under CLIN 0001AA :

AWP 1 — 
CF 1.0 

CLIMP

where  CLINP is the price of CLXN OO16AA

I
1
1 - -
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I

I
- For systems supplied under the option quantity provisions of this

contract :

I - 

— (CF — l,o)2!~

where QO is the total option quanti ty exercised ,

QS is the number of option quantity systems accepted by the
Government by the last day of the usage measurement period,

I and

- PR ICE is the option quantity RIW price for QO systems.

Th en

AWP • tiWPl + AWPO

A positive AWP indicates that the price is adjusted upward . A negative AWP
indicates that the price is adjusted downward .

Part V - MTBF Guarantee

1. The Contractor shall guarantee that the achieved M’rSF of the IONS
1 wil l  be equa l to or greater than that shown below :

Pe riod LOWS Achieved HTBF

I 1 through 48 months
after  lAD 500 hours

2. For this guarantee , the method for measuring achieved WTBF of the

I IONS is given in Part V , paragraph 6.

3. The Contractor shall make semi-annua l measurements of achieved
141SF of the LOWS over the previous six (6 )  .. .,nth  period . The f i r s t  such

I measurement shall be made eighteen (18) months a f t e r  the lAD . Paragraph 6
I of this section provides the method for measuring achieved WISP. The Contractor ’ s
I obligation with respect to this MTBF guarantee shall terminate when three ( 3 )

consecutive measur am entm yield 141SF val ues that equa l or exceed the guaranteed
MTBF value shown in Part V . paragraph 1. Zn no event shall the Contractor ’ s

I obligation be continued beyond for ty—eight  (48)  months after the lAD unless

I mutually agreed to otherwi se. No twithstanding the termination of this MTBF
Guarantee, the RIW shall contin ue in accordance with the applicable provisions
of that clause.

1 4. In the event that the achieved M!fBF for any measurement period is
I less than 500 .oours , the Contractor shall furnish to the Government, at no

additional cost to the Government, the following :

- (a) Engineering analysis to determine the reasons
I for the fa i lu re  to achieve the guaranteed

• f igure

F 4

I
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I
(b) Corrective engineering design changes 

-

( c) Modification of the Units , as required .

To Part Ti , paragraph 10, the turnaround time adjustment factor
(Tm ) :or a given period wi l l  depend on the achieved WISP of the previous -

measurement period as follows:

Achieved MIST (hours) Tm (calendar days)

Less than 400 hours -4

400 hours to 600 hours 0

more than 600 hours 4

6. This paragraph provides the method for measuring achieved WIBF -
over a six—month measurement period.

Achieved 141SF is defined as follows:

MTBTA -~~~~~~~

where

MTBFA — achieved MTBF 
-

ESTO H - the estimated total operate hours of
the IONS over the six month period
(See Part IV , paragraph 6, with 14 6) —

F • number of Units received at the Contractor ’s
repair facili ty during the measurement period
which are coded ‘ 2 ’  in accordance with
Part LI , paragraph 3.

Part VI - Data Requirements

The contractor shall establish and maintain a data accumulation , processing , t..
analysis and reporting system capable of providing the information required by
the following data items:

coat Data collection and Analysis Plan
CDRL Warranty Data Report — -

CORL Warranty Effectiveness Study

I
I
I
I
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APPENDIX B

RIW DATA ITE MS FOR THE LDN S

The Con t ract Data Requirement List (CDRL) , for the LDNS DD Form 1423 ,
and supplemental instructions for items required to support RIW are included
in this appendix.
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SUPPLEMEN ’rA t, INSTRUCTIONS FOR DI-R-1750

This plan will detail the data records, procedures, and reporting formats
to be used by the contractor to provide the RIW reports required by this
contract.

1. Content: This report shall address the following areas, as a
minimum :

Data: The report will identify the basic forms, both government and con-
tractor, that are to be used to collect data.

Processing: The report will identify the data processing steps that
w~1i be used to transform the data identified in Data into the required
outputs for this contract . The report shall address in detail processing
related to calculation of the following parameters:

(a) Contractor turnaround time
(b) achieved MTBF
(c) actual usage rate
(d) warranty price adjustment factors
(e) no trouble found ratio

Formats: The report shall identif y the forma t of other RIW related
reports. Sample heading sheets, data listings and supporting narrative shall
be included as appropriate to i l lustrate  the selected fo rmats.

I
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SUPPL E MENTAL INSTRUCTIONS TO DI-R-1753

Warranty Data Report P repa ra t ion  Instruct ions

Submission of first report  w i l l  be 15 day~ a f t e r  the Initial Anniversary
Date ( lAD ) where the LAD is defined to be the date of successful  completion of
DTIII Pr oduction Ver i f ~ c at i on  Test ing - Goverrufler.t (PvT-G). Subseqi~ent
reports will be delivered semi-annually.

Th is report  sha l l  include , but not he l imit ed  to, the fol lowing i n f o r m a t i o n
whtcn describes warranty claim and repair activity.

(a) A serial number record for each Unit under warranty of initial
delivery date and most recent date of shipment.

(b) A record by serial number of delivery of each Unit repaired or
replaced under the warranty pr .visons showing dates and Elapsed Time Indica-
tor (ETI ) readings at receipt and at reshipment.

Cr ) An analysis ot Unit failure xperience including summaries of modes,
trends , or patterns —~f fa:J.ure in field usage. Recommended or projected
action covering corr~~ ’ ~ve action to reduce failures shall also be included.

(d) A detailed record of all Units dispositioned during the preceding
report  period. This record wi l l  include de l ivery  dates , ETI readings at time
of previous repair , and at time of disposition. The contractor shall furnish
probable cause of damage and suggested actions which the Government should
take or which the contractcr has taken to preclude similar occurrences.

(e) A tabulation of all Units reported lost or destroyed by serial
n umber including date reported and remaining period of warranty.

( f )  A tabul a t ion ,  by serial n onuser, of al]. Units  replaced by the
Contractor and cross referenced to the serial n umber of the new Units.

(g) A statistical tabulation of ‘nsrthours rd category of labor expended
during the r—port p .riod ~cv-’rin-; the disposition of returned Units from
receipt on o~ck to reshipment to ~ie Government (for all returns) -

)h) - An analysis of tne average turnaround time for the previous 6 month
period .

(j) A statistical ~abuiat.’on of repair parts and materials costs ,
together with a sutmoa ry of most frequently repaired or replaced parts and
assemblies.

~~) A complete o sbulatson of all CCP ’ s submitted and the s t a tus  of each .

( k )  A tabu la t ion  by s e r i al  n umber of’ the configuration of each Unit in
th e governr’ent nve ’t srv .

______________________ — — TI
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(1) Other pertinent data,fac ts,or information which would be helpful
in the prevention of fu ture  failures.

L (m) A tabulation by serial number of all Units in the secure storage
area.

(n) As required for contract adjustment determinations,

(1) average turnaround time
(2) achieved MTBF
(3) actual usage rate
(4)  warranty price adjustment factors
(5) no trouble found ratio

Warranty Effectiveness Study Preparation Instructions

Initial report will be delivered 30 days after the lAD and subsequent
reports will be delivered annually.

This report shall include:

(1) A summary of the Contractor~ s experience and conclusions, if
appropriate , regarding the effectiveness of the warranty concept as applied
in this contract.

(2) Recommendations and suggestions regarding warranty provisions
implementation and administration which may benefi t  Government and industry
in future procurements.

I
I.
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APPENDIX C

SU MMA RY OF VISITS AND CONTACTS

The organizations and off ices  listed below were contacted during this
e f fo r t .

MERADCOM:

Office of the Project Manager , FAME CE/UET (Fami ly of Military
Eng ineering Construction Equipment/Universal Engineering Tractor)

DoD Project Manager Mobile Electric Power
- 

Marine and Bridge Laboratory

I - Mechanical and Construction Equipment Laboratory

Product Assurance and Testing Directorate

DARCOM: Directorate for Quality Assurance

AVRADCOM: Directorate for Product Assurance

U.S. Army , 4th In fan try  Division (Mechanized) :

Logistics (G4)

DARCOM Logistics Assistance Of f i ce

4th S upp ly  and Transportation Battalion

52nd Eng ineering Battalion

TA

~~

OM: Maintenance

Caterpillar Tractor Co. , Peoria , I l l inois

Clark Equipment Co., Ben ton Harbor, Michigax~

Fermont Division of Dynamics Corporation of America, Bridgeport , Connecticut

Pacific Car and Foundry Corp., Ren ton , Washington

Solar Turbines International, a division of International Harvester Corp. ,
San Diego , California
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The following organizations and offices were contacted during a survey
of fixed ground equipment on another contract. Howeve r , the information
obtained in that survey also contributed to this effort :

COMSAT Maintenance and Supply Center , Clarksville , Maryland

C’OMSAT Headquarters, Ground Segment Development Division , Washington , D.C.

Farquhar Corpoiation, Baltimore , Maryland

Foxboro Company , Foxboro , Massachusetts

GTE Satellite Corporation , Stamford , Connecticut

Magnavox Corporation , Alexandria,  Virginia

Sales Associates, Washington , D.C.

U .S. Air Force :

678th Radar Squadron , Lake Charles AFS, Louisiana

772nd Radar Squadron , Gibbsborough AFS , New Jersey

Ground Equipment Maintenance Engineering Division , Langley AFB ,
Virginia

H
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APPENDIX D

USER’S GUIDE FOR LIFE-CYCLE COST MODEL

1. INTRODUCTION

The RIW versus organic maintenance life-cycle cost model used in this
- investigation was adapted from a mode l developed for the U .S .  Air Force

under Contract F30602-77-C-02l7 to Rome Air Development Center. This pre-
I vious model was developed to analyze the application of RIW to Air Force

fixed ground electronic systems. This previous model was documente d as
part of this earlier e f for t . *

The computer program is written in time-sharing FORTRAN Extended
applicable to the Control Data Corporation Ne twork Operating System (NOS ) .
This study was performed via the CYBERNET Services FTNTS subsystem. T h s

- program , with minor modifications , can be converted to other time-sharing

- or batch systems .

Section Two describes the format and requirements for preparing input
data. The methodology used to calculate life-cycle cost elements is dis-

( - cussed in Section Three. Section Four provides operating instructions and
I illustrates the use of the model with a sample run that was used to develop

some of the cost information in Section Nine of the text .

2. PREPARAT ION OF INPUT DATA FILES

F The computer program has two forms of inputs : (1) two data files con-
structed prior to program execution and (2) interactive inputs entered
through an interactive terminal. This section describes the former, while

I- the interactive inputs are discussed in Section 4.— The general data file contains labor rates, contractor profit per-
centages , and training costs. The second file contains equipment—level1’ data , describing the subassembly and modules included within the equipment.

A line of data for either file has the following form:

Lne Number Blank 1st Data Element, 2nd Data Eleme nt, etc.

I *Guidelines for Application of Warranty-Guarantee to Air Force Ground Elec-
tronic Equipment, ARINC Research Publication 1710—01—1-1996, August 1979.
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A sample data line for inputting labor rates of $10.11, $11.50 , and

I $14.00 would be

I 55 10.11, 11.50, 14.00

where E~5 is the line number , and the subsequent numbers are the labor rate
I data. The line numbet is a convenience for the user and is ignored by the

program , but it cannot be omitted in developing the file. The general and
equipment files must be structured as outlined in the following subsections.

2.1 The General Data File

The organization and form of the general data f i le  are shown in Table
I D—1. These data elements are de fined and discussed in the fo llowing

2.1.1 Maintenance Flow Descriptions (Line s 1—4)

In orde r to calculate maintenance costs and spares costs , it is neces—
I sary to determine how failed items are handled. This is done by speci fying
I to the program a series of probabilities that describe the maintenance

I activity at various levels.

To determine these probabilities, an analyst can use the pipeline
I flow node chart i llustrated in Figure D-l. This chart i l lustrates the
I input probabilities for fu l l  organic support. The flow chart is constructed

I from left t right starting with system demands at node . The system

I demands are divided into two paths. The solid lines represent the flow of
subassemblies , and the dashed lines represent the flow of modules.

F The node chart is constructed so that all probabilities associated
I with the flow out of each node must sum to one. For instance , at node ®, - T
I POSO and 1 - POSO sum to one. The dashed line that flows from node to

I node (13 to node (13 and then to node indicates the flow of the module
I which , due to a repair of subassembly at the CS level, causes an action
I to be taken on the module. An assumption has been made that for each sub—

assembly repaired at the GS level , a fai led module wi l l  be generated.

I Consider the flow of subassemblies. The probability PSO states that
I from all  the system demands that occur at node 

~13, a certain percentage
I (PSO) wil l  require action to be taken on a subassembly . Proceeding to
I node (13, POSO is the probabili ty that , of all the subassemblies generated
I from node ©, a certain percentage wil l be repaired at the organizational/

DS levels. The remaining subassemblies continue to node 
~J, the GS leve l

of maintenan ce . The follow ing three actions are taken on subassemblies at
the GS level:

The subassemblies can Retest OK (RTOK) . This situation is accounted
for by the term RTOKS, which is the probability of Retest OK of a
subassembly at the Intermediate level.
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A subassembly will be determined Not Repairable This Station (NRTS )
and sent to the depot , node ®. This situation is accounted
for by PN~ rSSO, the probability that a subassembly is not repairable
at the intermediate level of maintenance.

Repair the subassembly at the GS level. It has been assumed that -

to repair a subassembly requires a module spare . Thus for every
subassembly repaired at the GS leve l , a module demand is generated
for the GS level.

At node (13, the depot , two actions can be taken on a subassembly -- -

the subassembly can test “ good” (which is accounted for by the probability
TGDSO) , or the subassembly wil l  require repair at the depot.

The second path f rom node is the percentage of system demands at
node that require action on a module. This probability is 1 — PSO.
The percentage of modul es that can be repaired at the organizational/DS
level , node ®, is accounted for by POMO (the probability that of all the
modules generated from node ®, a certain percentage will be repaired at -

the organizational/DS level). The remaining modules , accounted for by 1 -

POMO , are sent to the GS level , node ®. The fo llowing three actions can -

be taken on modules at the GS level: 
-

• The module can Retest OK. This situation is accounted for by RTOKM ,
the probability of a module Retesting OK at the GS level.

• The module cannot be repai red at the GS level and is sent to the
depot, node ~~~~~. This action is accounted for by PNRTSMO , the
probability that , of all the modules at the CS level, a certain
percentage cannot be repaired at the GS leve l and are sent to the -
depot. 

-

Repair the modules at the GS level. This probability is 1 - RTOKM
- PNRT SMO . -

At node Q, the depot , two actions can be taken on the modules -- the
module can test “good” (which is accounted for by the probability TGDMO), -

or the module will require repair at the depot. - I
The nine probabilities in Figure D—l will thus specify the flow of .

subassemblies and modules. These probabilities can be specified indepen— - I
dently of one another except in the case of the GS nodes , where three I
actions can occur . For node and node ®, the sum of the probability
of retest OK and the probability of NRTS must be less than or equal to one.

If a NRTS rate is chosen so that the sum of the NRTS and the Retest - -

OK rates are greater than one , the model f lags  this fa ct, resets the NRTS _

rate so that the new NRTS and the Retest OK are equal to one , and prints -

out a warning message to the user: - -

NRT S IS TOO HIGH FOR MODULES, ORGANIC (OR WARRANTY ) - j

~~1
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I
The nine probabilities that have described the maintenance flow are

inputs required for the economic model. Specifically , they are inputs for
organic maintenance . A similar set of probabilities is required for

- 
warranty. The following is one-for-one comparison of the organic and
warranty probability inputs:

Organic Warranty

- 
POSO POSW

PNRTSSO PN RTSSW
- 

POMO P0MW
I

PNRTSMO PNRTSMW

TGDSO TDGSW

TGDMO TDGMW

RTOKS and RTOKM are not included in the above list because it is

) 
assumed that the Retest OK probabilities at the GS level are not a function
of whether organic or warranty support exist .

Thus far it has been assumed that three levels of main tenance exist --
organizational/DS, GS, and depot. When no distinct intermediate levels of
maintenance exist, and there is a user spares supply (i.e., failures are

- NRTSd directly to the depot from orgariizational/DS maintenance), the model
can account for this situation with the following inputs:

• RTOKS = 0.0

• RTOKM = 0.0

• PNRTSSO = 1.0

j • PNRTSMO = 1.0

• PNRTSSW = 1.0

• PNRTSMW = 1.0

These parameter values tell the model to spare at the intermediate
— level but not to repair at the intermediate level.

ro summarize , the definitions of the elements in lines 1—4 of Table
D— 1 are given below .

PNRTSSO. The probability at the GS level that a subassembly is sent back
to the depot for repair under organic maintenance because of Not-Repairable-
This-Station determination. -

PNRTSSW. The probability at the GS leve l that a subassembly is sent back
to the contractor for repair because of Not-Repairable-This-Station

) 
determination when a warranty exists.
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1~’ i - :- i i ~~- (1) , H-Fs( (2) • :-Fo (3)

1) , PiF~W ( 2 ) , M P S  ( 3 )

21 ~~~~~ ,‘o,BW , A ( , r) c
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2 3  kIK , PET , F-H •

4 - 1 0 , NPCW , I IN

25 OTIIO , C~TFW , ()T~I WI ) , I - , ‘OTJ-iW , CTRANS

21 1 I - W , - ‘ 1 0 , P L I M , NI3X

* N13(K) , P1(K), N B Y ( K ) - -~
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*Ropeat lines X f r  each GS type .
**Inputs for K—type GS.
•~~~Fjve consecutive years of inputs for K-type GS.

~Five  more consecutive y ’ars f 1 r 4 ite or N—t y(- ’ - c~i , i f  an y .
‘~±R ,e)t line XX  for each GS t yp o .

~

R eV - a t  l ine XXX for  0 , 4 - :) )  GS typ e .
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PNRTSMO. The probability at the GS level that a module is sent back to
the depot for repair under organic maintenance because of Not-Repairable—
This-Station determination.

PNRTSMW. The probability at the GS leve l that a module is sent to the
contractor for repair because of a Not—Repairable—This-Station determination
when a warranty exists .

PSO. The probability that a system demand at the organizational/DS level
wil l  require action to be taken on a subassembly under organic maintenance.

PSW. The probability that a system demand at the organizational/DS level
will require action to be taken on a subassembly on which a warranty exists.

RTOKS. The probability that a subassembly demand at GS level will result
in a Retest OK. This applies to both organic and warranty.

RTOK?~1. The probability that a module demand at the CS level will result
in a Retest OK. This applies to both organic and warranty .

POSO. The probability that a subassembly is repaired at the organizational]
DS level under organic maintenance .

P05W. The probability that a subassembly is repaired at the organizational !
DS level when a warranty exists.

POlIO. The probability that a module is repaired at the organizational/DS
level under organic maintenance.

P0MW. The probability that a module is repaired at the organizational/DS
level when a warranty exists.

TGDSO. The probability that a subassembly sent to the depot will test
“good” unde r organic maintenance.

TGDSW. The probability that a subassembly sent to the contractor will test
“good” when a warranty exists.

TGDMO. The probability that a module sent to the depot will test “good”
under organic maintenance.

TGDMW . The probability that a module sent to the contractor wil l  test
“good” when a warranty exists.

2.1.2 Turnaround Times (Lines 5-6)

These elements describe the average times that materiels spend at and
traveling among the nodes in Figure D-l. In all cases , the inputs represent
averages across the equipment and across all deployments. The model will

• allow an analyst to test the sensitivity of the outputs to these parameters.
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TBRCO. The base-repair-cycle time in days for organic maintenance , which
is an average time. It applied to the following scenarios :

• The time from when an item is removed from the system, taken to the
GS level, checked , repaired , and placed in the GS spares pool.

• The time from when an item is removed from the system , taken to
the GS level, checked, and a determination made that it is not
repairable at the CS level of maintenance.

The assumption has been made tha t, on the ave rage , each of these
scenarios will have the same base—cycle time. It has also been assumed
that both subassemblies and modules have the same base-cycle time .

TBRCW. The base-repair-cycle time in days for warranty maintenance ;
similar to TEP~O.

TOSS. Order and ship time for subassembly in days. This period starts
when an item is ordered and ends when the item is received at the GS level.

TOSM. Order and ship time for a module in days. This period starts when
an item is ordered and ends when the item is received at the GS level.

TDRCSO. The depot-repair-cycle time in days under organic maintenance
for a subassembly. This period applies to items that must be sent to the
depot for repair. The period starts when the subassembly enters base check-
out and includes the base-repair-cycle time , transportation to depot,
repair at depot, and placement into depot stock .

TDRCSW. The depot-repair-cycle time for a subassembly in days when a
warranty exists. The p1~riod is the same as for TDRCSO.

TDRCMO. The depot—repair -cycle time for a module in days under organic
maintenance . This period is the same as for TDRCSO.

TDRCMW. The depot-repair-cycle time for a module in days when a warranty
exists. This period is the same for TDRCSO.

2.1.3 Warranty to Organic Transition Data (Line 7)

The following elements are used to describe how the value of spares ,
originally used to support an equipment under warranty, will be hand led in
the model when a transition to organic maintenance occurs.

BMORT. The depreciation factor for determining the value of excess sub-
assemblies at time of transition from warranty to organic mainter ance.
The equation for this value is CL < (1 - TWIN?) X BMORT, where CL is the
subassembly cost, TW is the warranty period , and NY is the number of life-
cycle years being considered. If BMORT is equal to 1.0, linear depre-
ciation results. For exaxnplr.- , if the warranty period is four years and
the life—cycle period is 10 years , each ex:css subassembly is valued at
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CL x (1 - 4/10) = 0.6 CL. A value of BMORT less than 1 implies that a
subassembly depreciates fas ter  than linear depreciation , whi le a value of
BMORT greater than 1 implies slower-than-linear depreciation .

VMOD. The depreciation factor for determining the value of excess modules
at the time of transition from warranty to organic maintenance. This
parameter is EMORT ’ s counterpart for modules.

PUDAF. The fraction of required discard-at—failure modules available at
transition that will be used for future organic maintenance. After dis—
assembly of excess subassemblies that were used as spares under warranty,
a number of discard-at-failure modules may be available that could be used

- for meeting fu ture replacement requirements. However , not all of these
modules may see service because of losses occur ring in disassembly ,  shipping,
handling , and inventory control .

A worst case situation for warranty occurs when each of these param—
eters is set to 0.0. This figure assumes no salvage value in future use
of extra materiel available during transition .

2.1.4 Sufficiency, Useful Life, and Discount Rate (Line 8)

This line identifies several factors used in the analysis.

PSUFF. Spares sufficiency probability. The steady—state probability that
a spare will be available when required.

NY . The number of life-cycle years under consideration . Generally NY
presents the expected useful life of the equipment but may be any selected
time period .

DR. The annual discount rate. Use of a discount rate (typically 0.10)
translates all future dollar expenditures to a present—value basis. A
value of DR 0 can be used for analysis without discounting .

2.1.5 Repair Times and Labor Rates (Lines 9-20)

These elements describe the man—hours required to perform maintenance
actions at the various nodes of Figure D—l and the average labor rates
associated with various types of activity .

CFCMHD. The contractor ’s average minimum corrective maintenance man—hours
per month for repairs. Thi’: is a fixed level of effort that can be con-
sidered independent of the demands of the system. The model compares this
valuc with a demand—driven value and selects the larger of the two. This
parameter can be set equal to zero i t  no f ixed manpower has bt~~n allocated
to corrective maintenance .

AFCMHD. The Army ’s average minimum corrective maintenance man-hours per
month for the depot. This is a fixed level of effort that can be con—
sidered independent of the demands of the system. The model compares this

I
125

_____ 
- • 4 - ) 

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

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - - ‘w~~~~~~-’-- -- -~~~~~~- ------- - “ k-



value with a demand-driven value and selects the larger of the two . This
parameter can be set equal to zero if no fixed manpower has been allocated
to corrective maintenance .

CALRCM. The contractor ’ s average labor rate in dollars per man—hour for
corrective maintenance .

AALRCM(1), (2), (3)~~* The Army average labor rate in dollars per man-hour
for corrective maintenance for the three maintenance levels.

CCMML. The contractor ’s average corrective maintenance man—hours for a
subassembly action .

ACMMLO(l), (2), (3)~~* The Army average corrective maintenance man-hours
for a subassembly action for each of the three maintenance levels under
organic maintenance.

CCMMN . The contractor ’ s average corrective maintenance man—hours for a
module action .

ACMMMO(l), (2), (3)~~* The Army average corrective maintenance man—hours
for a module action for each of three maintenance levels under organic
maintenance .

CFPMMD. The contractor ’s average minimum preventive maintenance man—hours
per month for the RIW. This is a f ixed  level of e f f o r t  that can be con-
sidered independent of the demands of the system. The model compares this
value with a demand-driven value and selects the larger of the two. This
parameter can be set equal to zero if no f ixed manpowe r is allocated to
preventive maintenance .

AFPMMD. The Army ’s average preventive maintenance man-hours per month for
the depot. This paramete r is the counterpart  to CFPMMD , and it can be set
equal to zero if no f ixed manpowe r is allocated to preventive maintenance.

CALRPM. The contractor ’ s average labor rate in dollars per man-hour for
preventive maintenance .

AALRPM(1), (2), (3).* The Army average labor rate in dollars per man—hours
for preventive maintenance for the three maintenance levels.

PMRO ( l ) ,  ( 2 ) ,  ( 3 ) ~~* 1-Ian-hours of preventive maintenance per operate hour
on the system for each maintenance leve l under organic maintenance.

PMRW ( 1) ,  ( 2) ,  ( 3 ) ~~* Man-hours of preventive maintenance per operate hour
on the system for each maintenance level when a warranty is in existence.

*Three levels; 1 = Organization/OS, 2 = GS, 3 = Depot.
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2.1 .6  Test Equipment (Line 21)

These elements address test equipment costs .

AGBO. Acquisition cost of test equipment (organic maintenance). The
cost per GS to purchase t~,e GS ann DS test equipment necessary to support
the installed equipment under organic maintenance.

AGBW . Acquisition cost of test equipment (warranty). The cost per GS
to purchase GS and DS test equipment necessary to support the installed
equipment while it is under warranty . Generally , AGBW will be less than
AGBO because test equipment under warranty  usually will involve a simple
Go/No—Go test , while such equipment under organic maintenance may also
include the capability for  f au l t  diagnosis to the module level.

AGDO. Acquisition cost of depot test equipment (organic maintenance).
The cost to purchase test equipment for depot maintenance .

2.1.7 Data (Line 22)

These elements iden t i fy  the data costs of the procurement.

DTAO. Data cost (organic maintenance). The cost to acquire all pertinent
and identifiable data associated with acquisition under organic maintenance .

DTAW . Data cost (warranty). The cost to acquire all pert inent  and identi-
fiable data associated with acquisition under a warranty. Additional costs
for data required at transition are covered in Line 25.

2. 1.8 P1W Pricing Data (Line 23 )

The following elements are used in estimating the contractor ’s RIW
price , if no bid price is available.

RSK. Contractor warranty yearly risk factor. This fraction is applied to
all es Jmated warranty costs to cc-icr contractor risks in warranty pricing .
The risk factor for a warranty  of TW years is calculated as a compounded
rate equal to ( 1 + RSK) TW . If a bid price is used , RI ) ’ is set equal to zero .

PFT. Contractor warranty profit factor. This fraction is applied to all
estimated warranty costs to cover the contractor ’s warranty profit. Total
warranty profit is equal to Warranty Cost >: PFT. If a bid price is used ,
PFT is set equal tc zero.

I 

- DTP. Factor for data and other warranty costs. The multiplier factor to
be applied to all estimated warranty costs to include the contractor ’s
data costs, administrati’ie costs, and other costs related to performing
warranty services. (See COTHW and YCOTHW for alternative inputs to cover
“other ” contractor costs). DTP can be set equal to zero if a warranty
bid price is to be used.

I
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1~RIWFP. Contractor fixed cost, i.e., fixed cost that is not included in
overhead . If a contractor gives a bid price, RIWFP is the bid price and
RSK must be set equal to zero.

YCOTFIW. Contractor other yearly cost (warranty). Yearly cost for per-
forming warranty activity that are not included elsewhere.

2.1.9 Inventory Management (Line 24)

These elements are used to estimate inventory management costs.

NPCO. Number of P-coded items (organic maintenance). The number of new
P-coded or FSN items to be introduced into the inventory under organic
i,a~ntenance .

NPC W . Number of P-coded items (warranty). The num ber of new P-coded or
FSN items to be introduced into the inventory under warranty.

CII-). Annual inventory management cost. The yearly cost. for inventory
management of each new P—coded item in the inventory.

2.1.10 Other Costs (Line 25)

These elements allow the analyst to input other costs that have not
been covered by the earlier inputs.

OTHO. Other costs (organic maintenance). All other costs incurred under
organic maintenance at the time of equipment acquisition .

OTHW . Other costs (full waLranty). All other costs incurred under a full
war ranty at the time of equipment acquisition.

OTHWO. Other costs (warranty/ organic) . All other costs incurred under
a warranty/organic maintenance concept at the time of equipment acquisition.

YOTHO. Yearly other costs (organic maintenance). Yearly costs under
organic maintenance not included in any other category .

YOTHW. Yearly other costs (w~ r r an t y ) .  Yearly costs under a warranty that
are not included in any other category .

CTRANS. Costs of t ransit ion. Costs incurred at the time of t ransi t ion
from warranty to organic maintenance that are not included in any other
category .

These cost elements provide an analys t  with an opportunity to incor-
porate specific costs that may not be treated in appropriate depth else-
where in the model. For example , transportation costs for corrective
maintenance are not a part of the model. If an analyst feels that trans-
portation cost differences could affect a decision , these calculation
could be done o f f — l i n e  using average MTBF est imates output by the model
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I

and average transportation costs for organic and warranty support. The

I results could then be reinserted in the model as part of YOTHO and YOTHW.
Future runs would then reflect this analysis .

1 2.1.11 Reliability Growth and GS structure (Line 26)

These elements describe the reliability growth (or decay) character—
istics of the population and identify the upper (or lower) limits of MTBF
that may be achieved.

PCTGW. The percentage of growth (or decay) in MTBF between 1,000 and

1 50,000 hours of operation for a system under warranty (i.e., if the growth
is considered to be 10 percent of the initial MTBF , then enter 0.10).
MTBF decay is represented by negative values (e.g., —0.10).

PCTGO. The percentage of growth (or decay) in MTBF between 1,000 and
50,000 hours of operation for a system under organic maintenance (similar
to PCTGW). MTBF decay is also represented by negative n umbers.

PLIN. The ultimate growth (or decay) of MTBF for both organic and warranty .
This parameter is entered as a percentage increase (i.e., if the ultimate
decay is considered to be 20 percent of the initial NTBF , then enter

1 —0.20).

-
~ NBX . The number of different GS types. The sparing algorithms calculate

demands at GS and depot in order to identify spares requirements . Thus
the equipment deployment data must be structured to reflect impacts at the
GS level. A single GS type has commonality of quantity deployed per GS
and usage rate per equipment. Two examples will illustrate this concept:

(1) Early in an equipment’s life cycle the following data might be
available: 200 systems will be bought , they will operate an average of
150 hours per month , and they will be supported through 50 GS organizations.
At this level of detail a single “average GS” type carl be developed which

z 
has :

4 systems per GS

1 150 operating hours per month per system

(2) Whe,~ greater detail on deployment is available , additional GS

I types may be identified. If , in the above case , it develops that 60 GS5
will support three systems each with an average operating time of 160 hours
per month , and 20 GSs will each support one system with an average operat-
ing time of 80 hours per month , then this is reflected by establishing 2I GS types:

I 
type 1: Three systems per GS with 160 hours per month

type 2: One system per GS with 80 hours per month

This latter case is used later in this appendix in the sample run.
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I
2.1.12 Deployment Data (Line X)

For each GS type a set of data lines numbered X in Table D—l must be 1entered. These elements contain the following data.

NB(K). The number of systems per GS for GS type K. I
HM(K) . Operating hours per month per system for GS type K.

NBY(K) .  The n umber of years ove r which the deployments will be made for I
GS type K.

NSCH(43,K). Th3 number of systems activated on a yearly basis for GS type
K. These inputs must be entered in five consecutive—year intervals (i.e., -. -

3 = 1 through 5, 3 = 6 through 10, etc.) For each line of data, all f ive
entries are required; i.e., zeros must be input to fill out the line. I

2.1.13 Fixed Levels of Corrective Maintenance (Line XX)

These elements allow the analyst to specify fixed minimum manpower F
levels for corrective maintenance , if applical le. One line of input is -‘

required for each of the NBX GS types. 
-

AFCMHB(1,K). The Army ’s minimum fixed corrective maintenance man—hours -~~~

for organizational and DS level maintenance per month per GS type K. These
data represent a fixed level of effort that can be considered to be inde— -

pendent of the demands of the system. This value is compared with a 
-

calculated demand—driven corrective maintenance in the model , and the larger
value is chosen. If a fixed manpower loading is not planned , the parameter -

is set to zero. This parameter is entered for each type of base.

AFCMHB(2,K). The Army ’s minimum fixed corrective maintenance man-hours
for GS level maintenance per month per GS type K. This parameter has the I -

same constraints as AFCMHB(1,K). - I

2.1.14 Fixed Levels of Preventive Maintenance (Line XXX)

As in Subsection 2.1.13 , the analyst can specify fixed minimum levels -

of preventive maintenance , if applicable . One line is required for each of
the NBX GS types. f
AFPMMB (1,K). The Army ’s fixed preventive maintenance man—hours for the
organizational and OS level maintenance per month per GS type K. This
fixed input is considered a minimum value regardless of the demands of the
system. This value is compared with a calculated demand—driven preventive
maintenance in the model, and the larger value is chosen. If a fixed man-
powe r loading is not planned , this parameter is set equal to zero. This
parameter is entered for each type of base .

AFPMI-IB(2,K). The Army ’s preventive maintenance man—hours for GS level
maintenance per month per GS type K. This parameter has the same constraints
as CFPMMB (1,K).

I
130

- 
- -• - - - - - 

;
- _

~~~~~~

-

~~ 
- 

p
/ ~~~~~~~~



I
I

2.2 The Equipment Data File

The organization and form of the Equipment Data File are shown in
Table D—2.  These data elements are defined and discussed in the following
sections.

a

TABLE D-2

CONTENTS OF Ec2UIPMENT DATA FILE

LINE NUMBER

I NL RU

2 FUELO , FLEL I-~, OVERO , OVERW , HBO , INTOV

For Subassembly 1 through  NLRU

Sub 1 NMOD (~~), C C L ( J ) ,  CLW(J ) , TSP(J )

2 CINSO(J), CINSW(J) For jth subassembly

For Modules 1 through NMOD (J)

:-~‘r )  1 N Q ( 1 ,J ) ,  XBF’(l ,J ) ,  IDF(l ,J ) ,  C l ;J 1st module in j t h
subassembly

N ,-(2 ,J )  , X B F ( 2 ,J)  , IDE (2 ,J, , C ( 2 ,J)  2nd module in j t h
subassembly ,  et c.

2 .2 .1  Equipment Leve l Data (Lines 1-2)

These elements identify the number of LRUs in the equipment and the
energy and overhaul costs associated with the equipment.

NLRU. The number of subassemblies in the equipment. Each subassembly is
counted separately , even if two are identical.

FUELO. The energy cost in dollars per system operating hour under organic
maintenance.

FUELW. The energy cost in dollars per system operating hour under warranty.

- OVERO. The overhaul cost in dollars for a system under organic maintenance.
This cost includes transportation to and from overhaul site.

OVERW. The overhaul cost in dollars for a system under warranty. This
cost includes transportation to and from overhaul site.

HBO. The number of system operating hours between overhauls.

INTOV. The number of years between system overhauls. During program
opera tion , the computer asks the analyst to identify whether overhauls are
based on operating hours or years. However , both elements must be present
in the input file. A zero can be used for a non-applicable element.
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2.2.2 Subassembly Data (Lines Sub 1—2 )

The program uses NLRU to determine how much subassembly data will  be
read in. For each subassembly, the following data elements are required.

NMOD(J) .  The number of module types ~n the j th  subassembly. Two
or more identical modules in a subassembly are counted as one module
type. If there are no modules in the subassembly , set NMOD(J)
equal to 1 and complete the required module data, treatinq the
subassembly as a module.

• CL(J). The acquisition cost of a spare 3th subassembly (organic
maintenance). This is the average cost of purchasing a spare jth
unit. [Note: If there are no modules in the subassembly, set
CL(J) equal to zero].

• CLW(J). The acquisition cost of a spare jth subassembly (warranty).
If CL(3) is zero , then CLW(J) is also zero for the “no module”
case -

• TSP (J). This variable is not used in this program. Set TSP (J)
equal to zero.

• CINSO(J). Initial acquisition cost of j t b  type subassembly (organic
maintenance . j
CINSW(J). Initial acquisition cost of jth type subassembly
(warra ity). 

~12.2.3 Module Data (Lines MOD 1) - .

The eata for each subassembly (Lines Sub 1-2) in the file are followed
by the data for all modules in that subassembly.

~QjI,J). - Module quantity . This data element is the number of modules of
the~T~~ type in the j

th subassembly.

XBF(I,J). Initial module MTBF (organic maintenance). The MTBF of the ~th

type module in the jth subassembly before any MTBF growth factors are
introduced.

IDF ( I,J). Module repair code . If the ~th module in the jth subassembly
is classified as expendable (e.g., discard—at-failure , throwaway, etc.),
IDF (I ,J) is equal to 0 . If repairable , set IDF(I,J) equal to 1.

C(I,J). Nodule cost. The average acquisition cost for the 1th module in
the 3~ ’~ subassembly .

3. COST CALCULATION FEATURES

The bas ic LCC categories addres sed by the mode l are presented and
defined in Section 8 of the text. This subsection will summarize the
methodology used to develop these cost estimates.

I
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3.1 Acquisition Cost

It is assumed that all systems are paid for in the f i rs t  year of
deployment . No discounting is applied to this figure , which represents
the base year of the cost calculation . Acquisition cost is computed as
the product of the quantity of systems identified in the deployment
schedule times acquisition cost.

3.2 Initial Spares

Initial spares costs are developed by calculating the maximum demand
rates for each module and subassembly under either an organic or warranty!
organic support alternative. Then the program calculates the spares
necessary to meet each demand rate and multiplies this value by the un i t
cost of the item being spared. During transition from warranty to organic,
there is generally an excess of spare subassemblies , since these were the
only class of spares available under RIW. The program assumes that at
transition, excess spare subassemblies can be disassembled and used as
repairable module spares and that any remaining module spares requirements
will require additional purchases. Input elements in the general data
file identify the residual value that any excess subassemblies or modules
may have at transition.

Two important features of the methcdology for calculating initial
spares cost are the use of a reliability growth model to allow for other
than constant failure rate over the life of the equipment and the spares
calculation model. These features are discussed in the following sections.

3.2.1 Reliability Growth Model

The growth model used in th is program was developed by J.T. Duane*,
- 

who reported that the instantaneous MTBF of equipment has the form

0(T) 
(D--1)

where 0(T) = the instantaneous MTBF after T operating hours
A = a scale factor
13 = the growth rate

On a log-log plot equation 0-1 is a straight line since

ln 0(T) = ln A/(l—(3) + 13 ln T (0—2)

I
*Codier , E .O . , “Rel iab i l i ty  Growth in Real Life” , Proceedings of the 1968
Annual Symposium of Reliability, Boston , Massachusetts , January 1968, pp.
45F

~

—469.
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This program uses this representation of reliability growth with two
added features:

• Negative growth inputs are allowed which can represent decay in
population MTBF .

• An input is used to set an upper limit to MTBF growth (or a lower
limit to decay). Without such limits, the MTBF (see Equation D—l)
is urthounded or , conversely,  can come arbitrarily close to zero.

Figure D—2(a) shows the situation for simple organic growth . Module
MTBFs , input to the equipment file , represent the MTBF expected at 1,000
population hours of operation . The general data file contains the percent - V

MTBF growth expected over the interval 1,000 to 50,000 population operate
hours. This is shown in Figure D—2(a) as p percent. The instantaneous
MTBF line passes through the points (l000 ,X) and [50000, (l+p)X]. The
general file also contains a maximum percent MTBF growth (q), which sets
the maximum MTBF at (l+q) x MTBF at 1,000 hours.

Figure 0-2 (b) shows MTBF decay with time. In this case, p and q each
have negative signs. If zero growth is desired , p is set to zero and the
sign and value of q is not important.

For each year of the analysis , the program calculates population
operate hours at the beginning and end of the year. The program then
integrates over MTBF curves similar to those shown in Fiqures D-2(a) or
(b) to calculate the average MTBF for the year. This average is used to
calculate maintenance demands and to estimate spares demands for the year .

( a)  S imple  G r o w t h  I t)  Simple Oecay

4 X —  4 X -  

I I
_ -

~~~~
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~I - - m O- Hours CT)

(ci ~~1r m ~~uty F o l l o w r-rC by O r g a n i c  .1
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~as~~~
t) ~ ;,;~~ tt”’° FIGURE 0—2

orgafl~° GROWTH MODELS FOR MTBF
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Figure 0-2(c )  shows the situation when warranty is in e f fec t . Now
there are two growth curves (one for warranty , and one for organic) and,
when both curves have positive g rowth , an upper-limit MTBF. During each

F year of warranty , the program in tegra tes along the warranty growth curve to
calculate average MTBF for the year. After transition , the program calcu-
lates annual t~YFBF by integrating along the dotted line , which is the organic

- growth rate line translated to reflect the MTBF achieved at the end of
warranty. The program contains sufficient bookkeeping logic to stop MTBF
growth and continue along the MTBF limit line whenever that line is reached.

Table D-3 shows the admissible combinations of growth/decay and the
type of MTBF limit to be specified .

TABLE D- 3
ADMISSIBLE GROWTH AND MTBF LIMIT COMBINATIONS

Warranty Growth Organic Growth MTBF Limit

positive positive or zero upper

zero zero or negative lower

negative negative lower

3.2.2 Spares Calculation Methodology

Two sparing algorithms are used in this program: a Poisson process and
fractiona l sparing. The choice between the two algorithms is made by com-
paring the pipeline demand product (i.e., 0 demands per day ‘< p days in the

- pipeline) at each GS type , to a preset value ofr 1.5 items. If this product
is less than or equal to 1.5 items , the fractional sparing algorithm computes
the spares for the GS type. If the product is greater than 1.5 items , the
Poisson sparing algorithm is utilized . Fractional sparing has been intro-
duced to eliminate high costs of sparing at a GS (which may be a consequence
of the low demand levels often observed there).

3.2.2.1 Fractional Sparing

The fractional sparing algorithm considers the pipeline demand product

( per GS type. To compute all the spares for GS type K, a single spare for
the depot is added to the total of fractional demands for this GS type. This
value is then fed to the main program , which sums the contributions for each
GS type and then rounds up to the next whole number of spares.

3.2.2.2 Poisson Sparing

When the pipeline demand product exceeds 1.5 items , i t  is assumed that
demands follow a Poisson process. If the maintenance deman d rate is D per
day for items from a spares pool and if the average pipeline time to replenish
the spares pool is p days , then the number of spares required to ‘ieet a
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spares—sufficiency level, PSUFF , for a steady—state condition is the smalles~-
integer value of S that satisfies the formula

~ e~~~~~~~~~~(px D)1~ >PSUFF
n=o 

n.

The program is designed to minimize the total spares requirement under
t.~e Poisson assumption ; this action is accomplished in the following manner:
After calculating initial spares demand at a ~S type , the prog ram sets one
spare at depot and adjusts pipeline times to reflect a depot delay increment
if a spare is not available at GS. Using the new pipeline times , the spares
level ic recalculated at a GS. Then two spares are set at the depot , pipe-
line times are adjusted , and this 1oop on depot—level spares is continued
until a minimum spares value is identified. At that point , the spares
requirements are made available for other calculations.

3.3 Replenishment Spares

For full organic maintenance , the program calculates the total number
of d-~mands for each type of OAF module , multiplies by the replacement cost
of that type , and discounts this by the average discount rate over the useful
life of the system. The resulting costs are summed over all DAF modules to
obtain the organic c s t  estimate .

For the warranty/organic case , the demands for each OAF module before
and after transition dre calculated. These figures are multiplied by replace-
ment costs and by the average discount rates before and after transition.
For each module , the value of OAF modules available after warranty (because
of the breaking down of excess system spares available at this time) is
subtracted from these costs. The results are summed over all module types
to obtain the warranty/organic cost estimates.

3.3 Corrective Maintenance

~ 
-
~ -

For each support alternative , the program calculates the expected
corrective maint~- r ince actions at organization/DS , GS , and (when not under
warranty ) depot for each year of the equipment’s useful life . These demands
are then multi plied U~, the average costs to perform such maintenance. The 

- 

I
full organic costs , or costs before and after transition , are then discounted
using an appropriate a’/erac;(- discount rate .

This figure , based on demands , is compared with a second cost, which is
based on ln; -u t ; that identify a fixed amount of man-hours committed to perform
corrective maintenance independent of demand rates. The larger of these two
costs is selected as the corrective maintenance cost.

3.4  Preventive Maintenance

For each support alternativ~~, the program uses inpu t  data to estimate
the expected p reven t ive  ma in t enance  man-hours at the various maintenance

1 ~1I

• 1
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I levels for each year of the equ ipment ’ s useful  l i f e .  These demands are

then multiplied by appropriate average cost factors and discount rates.

I 
This fi-~ure, based on demands , is compared with a second cost, which

is based on inputs that identify a fixed amount of man-hours committed to
perform preventive maintenance independent of demand rates. The larger
of these two costs is selected as preventive maintenance cost.

3.6 Warranty Price

If it is available , the analyst may input a warranty bid price . Other—

J wise , the warranty price calculations use the generic form shown in Figure
0—3. The factors identified in the equations are discussed in the following
subsections.

Warranty Price = [(Fixed Direct Costs) + (Other Yearly Costs) (Number of Years)

T (Discount Factor) + (Corrective Maintenance Cost
j  -4- Preventive Maintenance Costs) (Discount Factor)

(Factor for data and administrative costs)] X (Risk factor)
(Profit Factor)

FIGURE D-3
WARRANTY PRICE cQUATION

I 
3.(~.l Fixed Direct-Costs

Fixed direct—costs represent those special facilities and equipment
which will be required to implement the warranty , but will not be included

I as part of overhead in the labor—rate data input. This cost element will
be zero in many cas’s, if all such fixed costr are included in the overhead
factor ‘0r labor rate.

3.6.2 flth -r Yearly Costs

— 
This factor includes recurring costs in other categories. The following

are examples:

~1 • Warranty—data report costs

[ Test equipment, support costs
- 

• Technician training costs

I . Bonded storeroom costs

• r~~dule sparing costs

3.6.3 Discount Factor

A significant portion of the contractor ’s expenditure for warranty occurs
in the future , while his payment is generally made at the time of first

I 1 3 7

_ _  
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delivery of eq-llpmt -nt. Therefore , ii~- oun~ IIL -J is necessary f o r  prosent—
value anal yses.  A l l  ; - -1t fixed di r -ct costs are d i scount - - I .

3. c - . 4 Corrective and Prevent ive Main t  e r m c e  Cost -

Toe-se  COStS rt computed on t -c h -~ is of sys tem demands , i n p u t labo r
jOtes, and i r p u t s  tha t  i — l e n t i f y  ~ixeJ m a n — h o u r s  - onmitt - - I to corr, - t  ye and
preventive maintenance tasks. The larger of t h e  two ts for eush coot ,
25t (-gory is se1~ ted in -i~-ve]op inq the warr i O t - ~- p r ice .

3 . € . 5  Data ond_Admin istritive

Warro~ ty I u t~~ and , i -Imi f l i st r , r t  ion costs in c lu d e  the  v a r i a b l e  s n t ra  tot
costs assoc iated with -i-thnnister i sq t-~~ e- warran t y ,  as we l l  as th e- costs o~
act iv i t i e s  0 - - sociated w i t h  data col lect ion ana l ys i s .  A simi le e s t i m a t e
is used for this  cost t u s t o r :  the  total warrant , repair cost s  sre multiplied
by a constant fac tor  to yie ld  a cost t h at  is adjo  ted  for w a r r a n t y  data an d
administration costs.

3 .6.6 Risk Facto~

The risk factor is u single p sr a r l  t e r  incort -roi~ ing the risk costs
associated with t :e warrsnty. Rather than conside r risk v-dues-  for each
of the sc-st  elements , it is assumed that the contractor prices the warranty
by using best -sti mat eo as--i then adjusting this price by a risk to t e r  or
(equivalently) by higher j rofit factor. This sio~ ler SH-roach is used in
the model. The risk fact- )t (RSF) has the following form if the warranty
period is T

~ years :

RSF = (1 + RSK)
TW

where RSK is an input risk fiotor for a one-year period &X ~ e-i as a
decimal.

It is noted that 0 -; rH warrant’; period increase-i , the risk factor in—
creased for all RSK>0. The risk factor has a corni anind-inter est form , so that
the risk per year of wn rrant y increases as tht warranty period increase-s.

3.6.7 Profit_ Fu tor

The profit factor represent;; the usual percentage of profit normally
applied to Government contracts . In actual practice , the contractor may
combir1e the profit and risk factors . Howev-r , these factors are separated
in Figure 0—2 to show the two se~ - a n ~~~t, factors that aff- e t price ; this
separation also simplifies sensitivit-: analysis.

3.7 AGE

T h i s  category repres - nts t en t  equipment cost.s across all levels of
maintenance for the organic support - (lt (-rnativ ( . It calculate;; the t e --t

equipmen t costs needed t e -  support the r - q u n j - m t - n t  u r n d - r  w a r r a n t ’, - a nd adds
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any incremental test equipment costs at transition. Those latter costs are
discounted to reflect the delay in test equipment commitment caused by the
w a r r a n t, .

t .8 Energy

For each yea r of the equipment’ s useful  l i f e , the program calculates
the equipment operate hours for  the year.  This f igure  is then multiplied
by the input  energy cost per hour under warranty or organic and this product
is discounted. These annual  costs are then summed to develop cost estimates
for this category.

3 .9 Overhaul

Overhaul costs can be ca lcu la t ed  on the  basis of equipment operating
rater’ or calendar time . In either case , overhail demands are calculated by
reviewing tush ; deployment year for each GS type. For all equipment deployed
to a specific GS type , the program (on the basis of operating rates of the
GS type or calendar time , as appropriate) identifies the year or years when
those • :  ~u1pmt-nts are du,- for overhaul. After the entire deployment schedule
has been r evi  -we-i , the pre-;ram accumulates overhaul demands on an annual
basis , mul t ip lies the m by the appropriate sost factor (depending on whether
or rot the eg; ;; r n e nt  is under warranty) , and discounts the resulting costs
to produce overhaul costs.

3.10 Data

£he ì t i  cost :; sr~ - either throughput directly or throughput after
discounting to reflect costs accrued at transition .

3.11 Inventory ~1jr abemeOt

Inventory m n; , s -1 - m& ; , t  - iot;, are develo~ed by multip lying (for each year
of sr c’ful life) ti-~ number  of items by the co-;t of management of those items .
These cost ; :  are ii r -: ,j nt - : - -1 to reflect differences in the spendino prof i les
in this - it - - J e l - , ,  since - er tam item costs are deferred under war ranty .

1.12 (tt };, I

These - - - - - t ~~ or’- summed on an annual or one-time basis , depending on the
ca tegory . t i ; o - r c i n t n ng is i ; - ; - h e d  to r e f l ec t  d i f f e rences  in cost profiles
h t w r  support a l t  -rn ; Ot ives.

. OPERATING IN:~T!-<h- - i t  ,hh ;AMhI I- F IJN

This section - n t - n o r -  a - ; t - ; - I - ~ -- - t o ;  explanation of the operation of

F 
t~~~ - organic versus warranty life—cycle-cost mceIt -l. The sample run, included
in the explanation , ill u str i t -  some of tht - ‘ i - ; - r opt ions and serves as a
- ;u i ~1 for m r d - 1  operation.

I-
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The example uses data associated with the ~~P-ll5A 60 kW generator
that was ,j~ ecu;;sed in Section Nine of the text. The source code version
of the program is MERAD ; the object code version is BMERAD.

4.1 Getting Started

The user must prepare two data files that describe both the equipment
and the maintenance system. Subsection 2 of this appendix contains a
detailed discussion of the data preparation process. In the example , the
general data file I.’ GFIiEP and the equipment data file EQFMEP.

After the user has signed on at the- interactive terminal , he may execute
the program in on of two w ys: he may compile the source code and execute
it , or he may use the object code (if it exists) and execute it by using
batch mode. The procedure for each method is slightly different. In the
former case , the user enters the following series of commands :

FTNTS,OLD,MERAD *

GET,TAPE1 = GFMET

GET ,TAPE2 = EQFMET

RUN

After  each command, - the system wi l l  respond wi th  Read y ” . In the lat ter
case, the user follows the sequence outlined in the following figure :

i L
1. Type in~ Batch

2. The computer will respond with a “/“

3. This is a prompt for the user. Type in: GET,BMERAD

4. The computer w i l l  respond w i t h  anothe r “,“. Type in: GET,TAPE1
= GFMEP

5. The computer will respond with another ‘ 7 .  Type in GET ,TAPE2 
~1

= EQFMEP 
~~~

6. The computer will respond with another ‘f’ . Type in BME RAD

FIGURE D-4 -

SEQUENCE TO EXECUTE THE COMPUTER PROGRAM IN BATCH MODE

The batch mode offers lower ;o;t;:; per execution and should be considered
if t i -  use r intends to ;o- rf -rm many oridivoen .

The example illustrates the batch mode execution sequence (see in
Figure 0-5)

*Symbol E~ de notes s t r i k i n g  the - - s r r i i ’ ; - return key , making entry shown .
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FIGURE 0-5

[ SAMPLE COMPUTER OUTPUT
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FIGURE D-5

(continued)
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I

4.2 Identifying the Input Data

A fter the program has begun execution , the computer prints a banner :

WARRANTY LCC ANALYSIS

The computer then asks if the user has ident if ied the input data files:

FILES CALLED? 0 FOR NO , 1 FOR YES

The procedures described in Subsection 4.1 include this identification (e.g.,
GET ,TAPE1 GFMEP ) .  Therefore , the normal response to the que ry is “1” .

In some circumstances , the user may not have correctly identified one
or both data files. In that  case , a response of “0” to the query will  allow
the user to reenter the f i l e  names .

The program can forma t and list the contents of the data fi les at
the user ’ s discretion. A response of “1” to the requests provides the
appropriate l istings.

DO YOU WAN T GENERA L DATA FILE PRINTED, 1-YES, 0-NO

DO YOU WANT EQUIPMENT DATA FILE PR INTED , 1-YES , 0-NO

In the example , the sign-on sequence ident i f ied both f i l e s ;  therefore ,
the appropriate response is “1” . Since listings of the f i les are useful
for reference purposes , the responses to the pr in t  requests are also “ 1”
(see ® in Figure 0— 5) .

4.3 Initial Status of Equipment

The model now uses various input  data elements to compute and display
some in i t ia l  characteristics of the equipment . Speci f ica l ly, the model
determines initial system MTBF and MTBD (Mean Time Between Demands) ,  organic
false-pull  rate,  and system cost. The program also displays MTBF and cost
data for each subsystem. F ina l ly , the program shows the deployment and usage
schedule for the equipment (see in Figure D-5) .

4 .4  Organic MTBF G rowth and Spares RequiremPnt ’-I

The model then uses the MTBF growth inputs to calculate the annual
population MTBF, as well  as population MTBF for the system ove r i t s  l if e  cycle .

-- At the subsystem and module levels , th is  informat ion is used to calculate
the spares requirements and cost for  each subsystem and module . These
calculations are baced on the i n s t a l l a t i on  schedule and operating hours ,
which the program displa ys.

1•
i i
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T F i - -  1 - t i n t  code allows the user to def ine  the degree to which the model
i i s r 1ay~; the ab ove results . The user has the following print  code options:

• P R I N T  CODE = -1: No details on spares costs are printed , except
total values. —

PRINT CODE 0: Subassembly data and summary module data are printed. L
• PRINT CODE = 1: Subassembly and detailed module data are printed.

The section marked in the samp le l is t ing shows a print code response I
of “1” and the resulting output.

4 . 5  Selection of Warranty and Overhaul Policy 1
The program now asks for warranty period information :

WARRANTY PERIODS-TW , DEL , NP

“ TW” is the number of years in the ini t ia l  warranty period; “DEL” is the
increment in years to the initial warranty ; and “NP” is a repetition count,
or the number of times the increment is added to the original period. The
sample response “1, 1, 10” ( in Figure D-5) says that the original —
warranty is for one year, but the analyst would also like to see life-cycle
costs for 10 cases , including warranties of 2 years , 3 yea rs , 4 years , etc.

The user also indicates his choice of overhaul policy :

OVERHAUL BASIS: 1 FOR OPERATING HOURS , 2 FOR YEARS

A response of “1” causes the calculation of overhaul costs on the basis of
system operating hours over the life—cycle period. A “2” calculates the —

costs on the basis of system overhaul every N years during the life cycle. .

The sample response is “ ‘“ .

The program responds with
.

~~~~***WARRA N TY AT DEPOT LEVEL***

4 . 6  Summary Li fe-Cycle Costs -

The model calculates and displays organic life—cycle cost as a basis —

for comparison with the costs generated for each warranty/organic combina-
tion. It then calculates the costs associated with each such combination I
and displays the information , together with the savings or loss relative to
the organin cost, the warranty price , and the average system MTBF over the
life cycle ( ® in Figure D—5).

The program displays this summary information when NP is greater than
one (see Subsection 4.5).

I
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I
I 4.7 Sensitivity Analysis

The user now begins the sensitivity analysis cycle. The program asks
for  an input code , the value of which directs the program logic according

I to the following schedule :

Input Code Definition

t -l Branch to beginning of LCC analysis and skip input
file read statements.

1 0 Branch to request for warranty coverage period data.

-I 1 Input new data file names and branch to beginning of
LCC analysis.

2,3,4,. .,27 Branch to a data change routine ; following input of data
changes , a request for another code value is made so
that multiple changes are possible.

99 Stops execution.

An input code of ‘ —1 ’ is used when a data change affects organic maintenance.

I A value of “0” is used when a different warranty coverage period is to be
- analyzed or a data change does not affect organic calculations. Table D—4

summarizes the codes for changing data values. An underlined parameter

I indicates that a change in the parameter value required a branch to the be-

- 
ginning of the LCC analysis.

An example of a change that always requires a branch to the beginning

I is Code 2 , when either the MTBFs or Retest OK rates (or both) are changed.
An example of a code that may require a branch back to the beginning is
Code 25 , when values of PCTGW , PCT GO , and PLIM are changed. I f  only the

I 

PCTGW value is changed , the oranch can be made to the beginning of the
- warranty analysis, assuming tha t no other changes a f fec t ing  organic mainte-

nance costs have been made.

When a change code is requested , the model will  pr int  the parameter
name s requested for change . The mode l will  then print  the current value of
the parameters below the pr inted n ames. The analyst may change any or all
of the parameters, but he must always enter a value for each parameter shown ,
even if it is the same value.

I 4.7.1 Changing Warranty Periods

In the example ~ff~in Figure D—5) . the input code of “0” directs the
program to reque st new war ranty per iod informa tion. The response “4 , 0,, 0”

I 
indicates that the analyst wants to see a detailed analysis of a four-year

- warranty (recall tha t when NP <l , the model generates detailed , rather than
summary , l i fe—cycle  cost information) . The program then repeats the request
for overhaul basis identif icat ion that was made earlier in (

~~.

I
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TABLE D-4
SUMMARY OF CHANGE DATA CODES

Code~* Data Change

2 MTHF Factor and Retest OK Rates : VFAC* , RTOKS , RTOKM

3 Not Repairable This Station Rates : PNRTSSO , PNRE~~~W
PNRTS MO , PNRISMW

4 Probabi1iti~~s of Demand at O r g a n i z a t i o n a l  L e v el :  PSO , PSW

5 Probabilities of Maintenance Repair at Organizational Level:
P050 , POSW , PO!’lO, P0MW

6 Base-Cycle—Repair Times and Crder and Ship Times : TBRCO ,
TBRCW , TOSS , TOSM

7 Depot- Repair-Cycle Times : TDRCSO , TDRCSW , TDRCMO , TDRC MW

8 Spares Cost Data: BMORT , VMO D , PUDA F

9 Contractor Average Labor Rate for Corrective Maintenance : -
~~

CA LRC H

10 Army Average Labor Rate for Corrective Maintenance : AALRCM (14 ,
AA L R C M ( 2 ) , A A L R C M ( 3 )

11 Contractor Corrective Maintenance Man-Hours on Subassemblies :

CCMML

12 Army Corrective Maintenance Man—Hours on Subassemblies under
Full Organic Maintenance : ACMMLO(1) , ACMMLO (2) , ACMNLO (3)

13 Overhaul intervals in operating hours and deployment years and
overhaul costs under  o rgan i c  and w a r r a n t y : HBO , INTOV , OVERO ,
OVE RW

14 Contractor Corrective Maintenance Man-Hours on Modules : CCMMN

15 Army Corrective Maintenance Man-Hours on Modules under full
organic maintenance : ACMI’IMO (l) , ACMMNO(2) , A (1MM0(3)

16 Fuel Costs per Opertting Hour t Inder Organic  and warranty:
FUELO, FUELW

17 Contractor Average Labor Rate for Preventive Maintenance :
CALRP M

18 Army Average  Labor Rate  f o r  P r e v e n t i v e  1’laintenanCe : A A L R P M ( 1 ) ,
AA LRPM (2), A A L R P P I ( 3 )

19 Preventive Maintenance R - i t i - , O r g a n i c:  P M R O ( 1 )  , i-’M R O ( 2 )  , PMRO (3)

20 Preventive Maintenance Rate , Warrants- : PM~~~(1), PMRW(2) , PM RW( 3 )

21 RIW Pri -2C Van -th I -- s : P5K , I’FT, DTP , RIWFP , T( ‘111W

22 In’;ent’-r~- M a n a r l , - r r - - : I t  :--n ‘: NP CO , NP CW , C I M  I
23 ‘nve ~~ n ’-n t  ‘OT ??EP ’ - - - Its: : ~F II I , - 111W , 111W • YOTHO , CTRANS

25 MTBF U ) W t I  I - -i t  I W , P2T12 , PL:I-t

21 ~f - a r ~~s 1- - l i a b i l i t y ,  LCC P e r i o d , D i - - - I 1 : : t  - ‘ t  • ~~ u r n t .  Ty}-I
P SUPF , NY , DR

27 T’~~;t  Good P obabiliI -- at t Ill I I  ~- - t  : : , : -  - , I - N W , - i -  -~ , I : 1 - MW I
*Each MTBF is multi : l i - i l  by VFAC . - - 24 l I t  assigned.

I
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The output for the detailed warran ty  analysis resembles that  output
for organic maintenance (see Subsection 4 . 4 ) , except that the user chooses
whether or not he wishes to see module spares results (see (s). The
model also breaks total cost for organic and warranty/organic into the
various component categories (~?~ in the listing).

The discount factors are DI ICl , the average discount rate for the
period (0 , TW) ; DSCTW , the rate at the time of warranty/organic t ransi t ion;
DSC2, the rate for the period (TW, NY) ; and DSCTOT, the average rate over
the entire life cycle (0, NY).

The model displays the warranty cost as a total value and also prorates
it over all installed sets. The latter value is expressed as the percent
per year per set.

4. 7 .2  Chang ing Parameter Values

The second sens i t iv i ty  analys is  in the example (®~ 
shows the procedure

when the user changes the value of an input parameter. The input code “25”
indicates a desire to change MTBF growth data. The user enters the new data
(“0, — .05, — .50”); the program responds with another request for an input
code. The user does not desire any further data value changes; however,
becuase one of the changes he did make involved a parameter that was under-
lined in Table D-4 , the user responds with “—1 ’ . This causes the program to
branch to the beginning of the analysis. The d€ tails of this section of the
sample are identical to those discussed previously.

4.7.3 Signing Off -

An input code of “99” terminates the program.

I
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