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FOREWORD

"Award shall be made. . . to the respon-
sible bidder whose bid. . . will be most
advantageous to the United States, price
and other factors considered.”

From the enactment in 1861 of what subsequently became known as
Section 1709 of the Revised Statutes. through two world wars and
subsequently under the Armed Services Procurement Act and its
codification, the word "price” has received virtually the only
consideration in awarding contracts placed by formal advertising.
The phrase "other factors,” for all practical purposes, 1s being
ignored. Reliance upon its presence in the U. S. Code as the
basis fcr award to other than the low bidder is rare. By an
overwhelming proportion, awards cf contracts under formal ad-

vertising are made to bidders submitting the lowest prices.

Although the Code is silent regarding awards of negotiated

contracts, customarily the DoD follows the precedent of Section
2305(c) of Title 10 ard awards to companies submitting the low-
est quotations. There are undoubtedly many reasons for this,
not the least of which is industry's practice of protesting to
members of Congress and the General Accounting Office2 whenever
attempts are made to award on any other basis. Such pProtests
tend to interfere with the orderly process >f procurement and

frequently produce serious delays in making awards.

150ction 2305(c), Title 10, United States Code.
zThis, in spite of the fact that the Comptrollcr General

seldom intervenes in Contracting Officers' s<lection of con-
tractors in negotiated procurement.
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As will be noted in this report, many persons within the
DcD have beccme concerned that the traditicnal policy of award-

1ng ccntracts on the basis of price alone may not always be in

the¢ best interest of the Government. Specifically, the effect
that competition, with its potential for changing suppliers,

msy have on life cycle costs is thought to require study. Thus,
the 1ssuance by the Assistant Secretary of Defense (Installations
and Logistics) of Task Orders 4C-2 and 4C-5, tc which this report

is responsive.

This study is devoted to an investigaticn of the infiuence

that changes in suppliers, resulting from negqotiated competition,
may have on logistics costs, and how this influence might appro-

priately be considered in making contract awards.l

Since the study is focused on the competitive procurement
decision, all collateral investigation has been confined tc
those equipment procurements normally susceptible to competi-
tion. As a consequence, research and development is excluded
as are major systems which are seldom procured competitively.
Likewise, procurements having insignificant logistics cost im-
plications (e.g., services, subsistence, fuels and lubricants)

are excluded from the study.

While this report is furnished to the Assistant Secretary
of Defense (I&L), in answer to Task Orders 4C-2 and 4C-S5, and
to the Deputy Assistant Secretary of Defense for Procurement,
under whose cognizance the project has been performed, it is
also intended for all those who might be charged with the re-
sponsibility to assist in carrying out the recommerdations pre-

sented. This group includes Contracting Officers and other

lhs will be seen, this report recommends that consideration
of logistics costs be concentrated, for the time being, on nego-
tiated procuresent.
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procurement personnel who participate in assessing the eccnomic
feasibility of negotiated competition, preparing Requests for
Proposals, and evaluating propusals receivad. In addition, it
embraces other logistics personnel (representing such functions
as Comptroller, EBngineering, Maintenance, Supply, and Training)
who might be called upon to assist in performing lcgistics cost
analyses for the purpose of awarding contracts on the basis of
lowest life cycle cost. Finally, it takes in those who may com-
prise the proposed OSD Ad Hoc Committee under whose wuspices

tests discussed in the Recommendations would be carried out.

The effort leading to this report has required frequent
and extensive discussions with representatives of industry and
witk numerous individuals in the DoD, both military and civilian.
LMI wishes to express its appreciation for their cooperation,

assistance and encouragement, without which the report would
not have been possible.
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I. INTRODUCTION

Pursuant to Task Order 4C-2, IMI undertook a reconnaissance

study beginning in November 1963 to assess "the area of life

cycle (total) costing as reiatec to the economic3 of coapeti-

tive procurement.” Following the reconnaissance, Task 4C-5,

authorized on 17 March 64, was undertaken by LMI. Its objec-

tives are to:

l.

identify and study major categories of cost that

are incurred during the useful life of equipments:

establish the relative importance of these cate-

gories with respect to life cycle costs, by equip-
ment types:

dcvelop methods for measuring and forecasting these
costs when procurement of a specific cquipment
type is being planned, and guidelines for evaluating

these costs in the process of reaching a procurement

decision:

develop guides for using alterrative approaches to
minimize life cycle cost (e.g., multi-year procurement)
when such approaches are more appropriate than the

techniques mentioned 1n Item (3) above: and

conduct a test program, on a sampling basis, to
establish the fecasibility of use in actual procure-

ments of methods developed in Item (3) above.




Early in the study it became evident that the “alternative
approaches ' contemplated by objective (4) were not truly aiter-
natives to life cycle costing, but rather techniques which can
be employed with or without life cycle costing. Guidelines for
their application have been and are the subjects of separate
projects. Therefore, they were not included in the remainder

of the study. Detailed Specifications, Plans and Drawings and

Failure Free Warranty were, however, identified as "alternative

approaches.” They will be discussed in Part G of Section III.

As the project progressed, 1t became increasingly clear
that an effective test program (in response to objective (5))
would necessarily involve following several procurements in de-
tail, and on a real-time basis. from RFP preparation through
contract award. Such testing was not possible within the time
span of the task. In addition. because so much of the effort
would most appropriately be carried out by personnel of the
military departments, it was concluded that the test program
should be organized as a separate (second-stage) study. The

Recommendations in Section IV of this report cover this subject.

Objectives (1), (2). and (3) are addressed by Parts B, C,
and D, respectively, of Section III.

Relationship of Life Cycle Cos:iing to Other Studies

In the truest sense, the life cycle cost cf military equip-
ment 18 the total cost incurred by the Government from the
moment the investigation of its generating idea elicits man-
power usage within or without the Government until every piece
of the equipment is el:minated from the military logistics sys-
tem. The term thus esbraces all costs associated with feasibility
studies, research, development, design and prcduction, and all




support, tra:ning and operatirg costs gererated by acquisition
cf the equipment. Over the last several yedrs, numercus studies
of life cycle costing have been 1nitiated. LMI has conducted or
currently is conducting studies reiating to several specific
phases of this subject. Some of these are:

e Change Management (Cor.trol of Engincering and
Desi1gr Changes)

e Cost/Effectiveness Supsort Plans for Major
Weapcocn Systems

® Mcasurement Systems for DoD Warehousing and
Stores Functions

e Optimum Mix of Mil:tary-Defense Industry Support
Capability

® Recoverable vs. Non-Recoverable (Repair vs.
Discard)

e Reducticn in Cverhaul and Repair Turn-Around
Time (Navy)

e Ships On-BRoard Fepair Parts Outfitting

e Standardizatichn

All these study effcrts have beer or are being devoted to im-
proving methcds and procedures :or controlling and, in most 1in-
stances, reducing life cycle custs 5f military equipment. They
are all aimed at optimizing the relationship betweon operationai
effectivencss and life cycle costs. For instance, the Study of
the DoD Standardization Program had as its ob)ectives, the “im-
provement of effectiveness of logistics support and ol opera-

) . . . Y
tional readiness. and conservation of facilities and resources.

1Bri¢finq on LMI Study of the DoD Standardization Program
to the DoD Council for Technical Data and Standardigzation Policy
on 7 May 1964 at Aberdeen Proving Ground.




The Studyv of Ships On-Board Repair Parts Outfitting has, as its
objective, the reduction of ‘any present excese inventory and
minimizing of possibilities of future inventory excesses, thus
reducing costs with~ut sacrificing support capability."l The
task order expresses the hope that the “"ultimato result Z;f the

studx;7may be to improve ship on-board support effectiveness at
reduced outfitting cnsta."z

Another ILMI task calls for developwent of improved decision
guidelines for determining the “optimum mix of miiitary/defernse
industry capabilities for depot level support of major project-
managed weapons and egquipment. It shall include an attempt to
develop improved criteria for estabklishing the most cost-effec-

tive timing of the phase-over of suppoxt from industry to the
3
DoD. . .”

A major commcn characteristic of all these studies is a
concern with life cycle costs. A common requirement is » need
to identify and guantify life cycle costs. It is in the spe-
cific uses of cost information that life cycle cost 3tudies

tend to digress and deviate from each other.

Project 4C-5 shares this characteristic with all other
studies of life cycle costing. Since it also has its own pecul-
iar needs for cost information, it tends to deviate from other
studies and to make distinctions amorg the various categories

of coet 1n order to maet those neads.

1
“Li4I Task 65-13, Study of Ships On-Board Repair Parts Out-

fitting and Revision of Present Associated Supply Aids, November
11, 1964.

2Ibid.

3LHI Task lH, Optimum Mix of Military/Defense Industry
Support Capability, 23 May 1964.




Relationchip of Life Cycle Costing to the Competitive Procure-
ment Decision

Among the major influences contributing to changes in life
cycle costs are changes in the physicel and functionzl charac-
teristics of equipment which take place not only during equip-
ment design, but also afcer initial design has been established.
Changes in equipment arise from numerous sources and for many
reassns. Some changes are controlled, resulting from Govern-
ment direction or approval, e.g., a directed change in opera-
tional characteristics by the Governmant or ¢ formal engineering
change proeposal by the contractor to correct a design deficiency.
Other changes ~»cTur in an uncontrolled manner as a result of

changes in suppliers.

The formal, carefully controlied change, typified by the
ECP procedure, and the effect of such change on life cycle
c¢osts, is the subject of another LMI study.l Project 4C-5, on
the other hand, concerns itself with thcse changes in life
cycle costs which are by-products of changes in suppliers and
are essentially uncontrolled because of the flexibility and

discretion allowed bidders by procurement specifications.

In recent years, it has been an objective of the DoD to
increase the incidence of competitive procurements and, at the
same :ime, reduce the frequcucy of socle-source procurements.

In 1963, Secretary Morris said, “"Secretary McNamara has strongly
reaffirmed ocur goal of converting a much larger percentage of
Defense procurement to price competitiun . . . . His statement
has described our progress during fiscal year 1962 when $760
million was shifted from non-competitive %o price-competitive

lraak 2B-1, "Change Management, " July 8, 1964.




procurement, bringing an average price reduction of 25% for

each dcilar shifted. . ."1

One of the more cbvious and yet significant consequences
of competitive procurement is the pessibility that suppliers
m2y change each time an item is competitively procured. Ex-
perience has demonstrated time and time again that when sup-
pliers change, the equipment is alsc likely to change. 1t is
not unusual for the Government tc find that it has acquired a
new veision of an equipment upon reprocurement, even in those
instances when detailed production data are specified in the
conttact.2 When the production data allow the bidder any dis-
cretion regarding the physical or functional characteristics,
as in the case of so-called performance specifications, it is
virtually certain that the 2quipment will not be duplicated by
A new supplier. We do not attempt to pass judgment on the

Staterent by Honorable Thomas D. Morris, former Assistant
Secretary cof Defense (Installations and Logistics), before the
Sub-committee on Defense Procurement of the Joint Economic
Committee, 28 March 1963.

Zz‘v&ajar General W. T. Thurman, Hearings bcfore Sub-committee
on Appropriations, House of Representatives, B88th Congress,
" .detailed drawings do not always assure us of obtaining
identical parts.” Additionally, House Reports, Volume I, 80th
Congress, First Session, Report 109, page 10: "The need for
standardization is also found 1a the fact that the parts of cer-
tain highly complicated equipment are fully interchangeable only
if manufactured by the same curpriioys. This situation exists in
the case of certain equipment even though the same specifica-
tions, drawings, and manufacturing techniques are employed. A
notable example of this occurred in the case of an airplane
engine manufactured for the Navy Department during the war.
Two companies produced the same engine from identical blue-

prints: bcth engines performed properly: but the parts were
not fully interchangeable."”




advisakility of allowing bidders this discretion, but merely to

state a conclusion based on innumerable comments and examples

from technical people throughout the DcD.1

Because of these and other factors, many within the DoD
have recognized the danger that too much precccupation with
statistical 1ncreases in competitive procurements may preclude
adequate consideration of the economic consequences Of such

competition on the total cost of meeting DoD operational cob-

jectives.

in Jure 1964, Mr. Rcbert H. Charles, Assistant Secretary

of the Air Force, sgaid:

(1]

. . . let me alsc maxke clear what I mean by competi-
“icn and efficlency. These are broad terms and must
.+ definea. They include the ability to produce, not
only with the least expenditures of resources, but as
that .~ast expenditure relates to what we really seek--
namely, quality, reliability, maintainability, timeli-
ness, simplicity of logistics, etc. To construe ‘cost
effectiveness' 1n the narrow sense of buying the least
expensive article :s a total misconception of that
term. Getting the right equipment comes first in mat-
ters or national dciense; and we will almost surely
err if we blind.y adhere to a policy of buying at the
lowest price without consideration of all the factors
involved. (Emphssis supplied.) wWe would be foolish,
for example, to c.mpete an item f2r which the cost of
reprocurement data would exceed the savings from com-
petition. We woulc be equally foolish to compete an
item if the presence of the new part thus brought into
the inventory would cocate logistics problems exceed-
ing the advantages of the cost saving thus generated.
We would be militarily fcoilsh to use competition if

As a qualified exception to these expressions of opinicn,
the U. S. Army Electronics Command states that they have been
reasonably successful i1n maintaining mechanical and electrical
interchangeability of parts, sub-assemblies, assemblies and

“black boxes" through successive procurements and supplier
changes.




1t would create a field situation where non-interchange-

ability of parts would prevent the cannibalization of a

disabled system from restoring another disabled system

to full utility. Surely, the saving of $1,000 is wrong

if it means that a2 needed $100,000 system is thereby

jeopardized.“l

It is certain that Secretary Charles did not intend by
these comments to discourage competition in Defense procurement.
It seems equally certain, however, that he did intend to empha-
size the desirability, indeed the need, to determine, insofar
as possible, that competition accompiishes its primary objec-
tive; namely to provide the Sovernment with the lowest total
cost consistent with its operaticnal requirements rathevr than

merely the lowest purchase price. This project addresses it-

self to developing the means for effectively ccnsidering “all

the factors involved.”

Major Areas of Study and Definition of Terms

The method of study adopted for this project was dictated
largely by the scope of the task order. The study effort was
divided into three major areas corresponding with the first

three objectives of the task noted on Page 1 of this report.

For purpnses of this report, the term "logistics costs”
has been adopted as a generic term. It is intended to include
costs associated with or gernerated by the acquisition of an
equipment. It thus includes buying, trainingy, maintenance,
documentation, special support equipment, repair parts and all
similar costs. 1In addition, for purposes of this project, it

includes certain limited cperating costs. The word "equipment"”

lBonorable Robert H. Charles, Assistant Secretary of the
Air Porce (Installations and Logistics), before AFLC/Industry
Management Conference, Dayton, Ohio, 25 June 1964.




18 used in a generic sense to describe the primary item being
procurcd. The terms “"item” and "end item"™ are synonymous with
“equipment. "

The words "bids" and “"bidders” have been used for editorial
convenience to mean propusals and those who submit proposals,
although generzlly they are used only in the context of formal
advertiaing procedures. For reasons discussed in Part P of
Section II1X, this study is confired to negotiated prncurements

thus excluding procurements by formal advertising.

lPaqc 60, infra.
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I1. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

After almost one year of study involving a large number of
field investigations and reviews of numerous other studies, we
have concluded that techniques are either available or capable
of development for predicting and measuring logistics costs
within tolerances which should permit their use in bid evalua-
tion. We have further concluded that their utility and economic

feasibility should be tested in actual competitive procurements.

In arriving at these conclusions., it has been recognized
that there are several problems yet to be overcome before the
techniques can be applied as readily and completely as desired.
The absence within DoD of adequate cost accounting systems for
collecting costs useful in logistics cost analyses has been
identified as an impediment. The need to obtain detailed de-
si1gn information from bidders and the difficulties of getting
this information have been recognized. Compartmentalization of
functional responsibilities within the military agencies, which
tends to isolate technical and procurement personnel from one
another, has heen noted as another impediment. It has 2lso been
observed that, in scme instances, the cost of making a logistics

cost analysis may make the analysis uneconomical.

While the existence of such problems is recognized, none
appear to be insurmountable. As solutions or partial solutions
become available, logistics cost analysis in bid evaluation
should be implemented on a piecemeal basis. Delay, pending
capability to make complete analyses, is neither necessary nor
in the best interest of the Government. Any assessment of logis-
tics costs, no matter how limited, seems to us to be preferred

10
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to the alternative; viz., a complete disreqard for the impact

2f procurrment decisions on such cssts.

This report has pointed out that traditiorally the competi-
tive decision invelves a choice between two alternatives: so.le
source and price competition. A third alternative has now been
introduced; namely, competition with logistics cost aralysis.
Consequently, guidelines for measuring the economic feasibility
of making a logistics cost analysis have been develcped for use
when competition is contemplated. In addition, ways of perform-

ing the analysis in the process of bid evaluaticn have been sug-

gested and illustrated.

It has been noted that logiatics cost categories separate

into two functional groups: source selection and support. Source
selection costs associated with competition have been identified.

They are:

e Qualification of suppliers
e Qualification of equipment
e Patent and data rights acquisition

e Bidding

The importance of considering these costs in measuring the eco-
nomic feasibility of competition and logistics cost analysis
has been shown.

Support cost categories susceptible to influence by changes

in suppliers have also been identified. They are:

Corrective and Preventive Maintenance
Inventory Managemant

Training

Inspection, Installation nd Check-out
Transportation

Documentation

Operation
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Methods for gjuantifying the costs associated with these cate-
gories have been suggested for use in bid evaluaticn. PFor
instance, it has been shown that reliability prediction and
measurement technigues exist which, together with improved
maintainability prediction techniques, provide the means for

forecasting maintenance costs.

This study has been concerned primarily with logistics
costs which are almost exclusively associated with reparable
equipments. It has been observed, however, that service life
can be important in the procurement of non-reparable items.
Aside from price, it 1s usually the only significant variable.
Therefore, the Government can largely achieve the lowest total
cost of non-reparables (over a period of time), consistent with
operational requirements, by making service life a factor in

evaluating bids for such procurements.

Numerous other studies relating to life cycle costs, many
of which are referenced i1n this report, have been made. 1t has
been concluded that the time has come to test the theoretical
conclusions of such studies, including this study, in actual
procurerents. The objectives of these tests are to “etermine
whether adequate information can be secured or developed to
make reasonably satisfactory logistics cost analyses during
bid evaluation, and whether such analyses are economically
feasible. Expressed another way, we need to kiiow whether or
not the problems heretofore discussed can be resolved. It is
believed that this question can be answered only by testing in

actual procurements.

Pursuant ¢o these conciusions, two recommendations have
been made:

1. The practicability of evaluating logistics costs in

procuresant should be tested in actual procurements
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of non-commercial reparable equipments and the guide-
iines outlined in this report should be used in con-

ducting such tests.

Award of contracts for non-reparable equipments on
the basis of lowest price per unit of service life
(e.g., mile, operating hour, calendar month) should be
tested in actual procurements in which service life in

excess of the minimum required is useful.




III. DINGS AND ANALYSI

Part A: Scope of the Logistics Cost Problem

Research was undertaken in the early phases of the study
to establish as realistically as possible the character of the
equipment and the magnitude of procurements, in terms of dol-
lars. which might advantageously be subjected to logistics

cost analyses.

Regarding equipment character, since we are concerned with
the effect on logistics costs of changes in equipment suppliers,
our research efforts have been confined to a study of those
equipments which are either usually procured competitively or
are logical candidates for competition. Procuremente of research
and develonpnent and major systems have beer excluded from con-
sideration primarily becsuse they are not usually price competed
and because of theair conplexxty.l Our area of i1nterest corre-
sponds roughly with the two categories of materiel i1dentified
to Congress by former Secretary Morris as “"military end items

2
and parts for such i1tems.”

Military end i1tems and parts can be separated into twe

groups: reparable and non-reparatle. This study has taken

lAlthough ships, which can be classified as major systems,
are procured competitively, the life cycle cost implications of
such competition are being studied under another LMI Project
(Task 65-11).

20p. cit., Footnote 1, page 6. MNMr. Norris alsoc stated
then that, "In research and development and ‘n procurement of
aircraft and missile systems, we have very limited opportunities
to make awards on the basis of price competition.”

14
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chgnizance of both groups although many of the logistics cost
categor.es to be discussed in Part B are seldom involved in

A : 1
procuremert of non-reparables. Differences in service life

of a non-reparable among bidders may, however, be significant.
For this reasor., a recommendation relating tc the treatment of
service life in procurements of non-reparables is inclucded in
Secticn IV. The process of using measures ot service life in

a procurement decision 18 discussed in Part F.

Although non-reparables are included, it 1is well tc renmem-
ber that the logistics costs discussed herein are those most
frequently acsociatec with reparables and it 1is primarily with

respect to such equipments that we have conducted this study.

Regarding the magnitude of procurements in terms of dol-
lars, 2 study of approximate.y 5-°~." billion of procurement
funds obligated in FY 1964 revealed that auyroximately 3$6.49
billion was the vaiue cf thuse “mil..ary end items and parts
for such end items” which are regarded by this study as candai-
dates for logistics cost anaiysxs.z Gf the $6.46 billaion,
$6 .07 biiliegB or 94.70% was subjected to price competition and
$5.39 billaon or 6.0% was procured on a sole-source basis.
Since ail these procurenents were logical candidates for com-
petition, we beileve the economic feusibxlxty4 ot logistics
cost andiyses should have been considered for the entire $6.46
biilion.

t
*Total useful life, consisting of all in-service time be-
tween acquisition and ultimate discard.

“Exhibit 1.
3. .
Exhibit 2.

4Paqes 24-25, infra.
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Fart B: logistics Cost Categories

The first objective of the task order was to establish
logistics cost categories. This was accomplished by research
1n each of the military sexrvices and the DSA; by studies of
charts of accounts, maintenance and supply functions, training
procedures and procurement practices: by research of pertinent
literature in the form of DoD directives, instructions and

manuals; and by review of related studies.

2s the investigation progressed, it became apparent that
logistics cost categories separate intc two basic functiocnal

groups. OCne group of costs is of a source selection nature,

:acluding buying and bidder gqualification activities, and tbhe
seconG i1s of a suggortl ndture, relating to introducing the
equipment to the field and operat ng and supporting it. Of the
twO groups, the support cost categories are the most important

and will be discussed in detail.
Scurce selection costs subdivide as folliows:

Quaiification of Suppliers--This subdivision inclucdes the

costs associated with surveys and other efforts required to de-
termine biddexs' capabilities to produce the specific equipment
being procured and to finance the work invelved. The costs are

virtually all of a manpower nature.

Qualirication of Equipment~-Included here aye costs of

test equipment, manpower, transportation and reporting incurred

by the Government to qualify & rnew version of the product.

Patent and Data Rights--In this subdivision are the royalty

payments and coscs of obtaining rights in data made necessary by

1Exhibit 3.




the existence of a bidder's patents cr data t¢ which thne Govern-

ment has elther ne rights or only limited rights.

Bigding--Here are to be found the costs of reprocductsion,
assembly and distribution of kid sets, including specificaticns
and drawings. Alsoc incliuded are costs cof analyzing and evalu-
ating multiple bids, including the necessary ncgotiation asseo-

ciated with each bid.

source selecticn costs require consideratisn in evaluating
the eccrnomic f2asibility of securing competition. Once a deci-
sion has oeen made to procure competitively. costs identified
as Bidding need no longer be considered since the Government
wili have committed itseif to i1incur the expense. Morecver,

Bidding ccst will not be a variable among the bidders.

Expcnses asscoiated with gualification of a new bidder and
*is product can, however, become a substaitial cost to the
Government. It will be necessary therefore to quantify these
costs ard specify an amount in the RFP which will represent an
assessment {in bid evaluaticn) against all bidders and products

not previously qualifaied.

Fiunally, any costs assouciated with the acquisition of
satents and data rights or the payment of royalties might require
consideraticn in bid evaluation. For instance, assuming one bid-
der has an agreement with the Govermment requiring payment of
royalties, the RFP should specify the amount of the royalty as

an assessment against all other bidders as a part of bid eval-

wation.

Support coat categories of Corrective and Preventive Mainten-
anze: Inventory Management: Training; Inspeccion, Installation and
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Check-out: Transportation: Documentation: and QOperation have

been identified and are discussed below in order of their im-

portance.

e Corrective and Preventive Maintenance

l. Repair Parts
2. Manpower

3. Transportation

This category represents the combination cof hardware, man-
power and transportation costs specifically associated with the
overhaul, repair and servicing of the equipment. Haruware costs
include parts and components, malntenance tools and test equip-
ment and any special facililies required to meet the maintenance
requirements. Manpower and transportation costs include those
assocliated with testing for failure, removal and re-installation
of failed parts and components, transporting failed equipments
to> and from repair sites as required and the accomplishment of
the actual repair or overhaul operations. The manpower and
material costs of reguiarly programmed preventive maintenance

complete the costs falling under this cateqgory.

¢ Inventory Managemcnt

i. FPSN Identification and Assignment

2. Continuing Management

This category consists of the costs of “introducing” and
managing new or additional inventory. It includes only non-
hardware ccsts, as the costs of related hardware are covered

under “Corrective and Preventive Maintenance, " discussed above.

lThe word “importance"” as used here refers to the frequency
with which such costs are affected by changes in suppliers, as
well as the aggregate of the funds expended each year by the DoD
in each category. As will be seen, the relative impor-ance of
the categories may vary widely on a case-by-cage basis.
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Included in this category are the costs of assigning Fed-
eral Stock Numbers. cataloging items and parts, and completing
standardization forms and similar documentation neceasary to
enter an equipment, sub-assembly, part or special support item
into the iaventory for the first time. Costs of bin cpening,
receiving and issue, ordering, counting and record keeping, and
physical storage operations (care, preservation and packaging

costs) are also included.

e Training
i. Maintenance

a. Rardware

k. Manpower

¢. Training Aids
2. Operational

a. Hardware

b. Manpower

c. Training Aids

This category includes those costs necessary to provide the
training required for the establishment of an in-house military
capability to maintain and operate equipment. Sub-categories
associated with both maintenance and operational training cost
are nardware (end items and special support equipment and their
pairts and sut-assemblies) needed for practical demonstration and
simulated maintenance and operation: manpower required for cur-
riculum planning and instruction, as well as that consumed in
trainee obsesvation, study, and practice:; and films, recordings,
charts and other non-hardware training aids. Manual or handbook
costs peculiar to training are included: costs associated with
manuals common to both training ana actual operation or mainten-
ance are excluded from this category and covered under Documen-
tation. The estimated cost of any contract training of Government

personnel is included here.
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® ction lation and ck-out
l. Hardware
2. Manpower

Here we are concerned with Govermnment costs generated by
production and acceptance inspcction. Also included are those
costs generated by the manpower effort involved in installation
and check-out as well as costs of any hardware required, such
as connections and connectors, stands and bases, special envi-
ronmentai facilities, calibration and test and inspection equip~-

ment.
e 8 tati

Costs under this category are those required for movement
of an end item, its spares and support equipment rrom place of
Production to place(s) of use or storage. Included are any in-
direct routing costs through Government and associate contractor

facilities for modification and assembly work.

® Documentation

Drawings

1.

2. HManuals
3. Parts Lists
4.

Specifications

Trne dJocumertation category includes the cost of establish-
ing the cuntent, writing, reproducing and distributing all of
the documertation necessary to produce, maintain and operate
the equipment. Such documents include drawings, sound record-
ings, pictorial reproductions, manuals, specifications and
parts lists. Documentation peculiar to training has been as-
signed to the Training category: any documentation common to
training and continuing operation or saintenance is assigned

to this category.
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o cperataiun
1. Manpower

2. Operating Expenses

The custs of operating an equipment are guitc extensive and
di1fficult tc 1solate. Operating costs with which this study is
concerned are the direct manpower costs and such other direct
costs as fuel, power and lubricants required over the opera-

tional life or some other specified duration.
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t 1V rtance of Logistics Ccst Categories

The second objective of this project calls for establish-
ing the relative importance cf cost categories by equioment
type. In an effort to establish such relationships, the pro-
curement histories of several squipments were sxamined. They
varied in complexity, cost and type from such major items as a
ship's inertial navigation system (SINS) to a relatively simple
aeronautical ground power supgly unit. (See Exhibit 4.)

The equipments examined do not represent a valid statisti-
cal sample from which broad conclusions can be directly drawn.
Drfficulties experienced in obtaining logistics cost informa-
tion which could be associated with particular equipments pre-
cluded sampling to such an extent in this study. To do so, if

" indeed it were possible, would have required at least seveoral
additional man-years of effort.

The equipments examined fall into the following classes:

Communication
Airborne

Ground

Aircraft Instrumentation
Electronic

Blectro-Mechanical and Mechanical

Aircraft Accessory
Electronic

Electro-Mechanical and Mechanical

Navigation
Airborne
ghipboard
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Automotive
Combat
Tactical

Special Purpose
Construction

Ship's Accessory
Electronic

Electro-Mechanical and Mechanical

Oour studies have produced these findings:

Relation of Equipment Type to Total Logistics Cost--No

firm cr consistent pattern was noted or established. It 21s
conceivable that if a great number of procurements were ex-
amined, some pattern might emerge. The possibility also re-
mains that a much narrower definicion 3f types or classes
might produce discernible patterns. Such narrow definitions,
on the other hand, might prove to be useless for purposes °f

creating any meaningful stratification.

glation o _Cha ! is
as a Result of Iptroducing a New Suppliex--Because of the lack

of cost information, it has been virtually impossible to make
a determination of this relationship. Under present accounting
systems, logistics costs are not collected esither by equipment
type or by name of supplier. Some management systems such as

IABRS.l Navy Majintenance and Material Kanagement Sylt‘lz and

lrho Arsy Equipmsnt Rocord Systes.

ztbntativ‘ly approved.
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the Air Porce 66-1 Systeni have provisions for accumulating
maintenance duta by ejuipment type, FSN and manufacturer's
name. Eventually, it may be possible to convert these data to

costs. Such information, however, is not now availabkle.

Within our ability to investigate, no patterns of rela-
tionship were indicated, although again the possibility re-

mains that a narrower definition of classes might reveal such

patterns.
Relation of Equipment Type to Relative Importance of

Logistics Cost Categories--In attempting tc establish this
relationship, we found that, with the possible axception of

Training, all isqistics cost categories can apply to any equip-
ment type except for the very simpie inexpensive items. Again,

nc pattern of relationship was discernille.

Relation of Equipment Price to Tctal Logistics Cost--Some

studies have indicated that the higher the aggregate prices of

@ group of items, cthe higher the aggregate of associated logis-
tics costs. Howe <r, this relationship does not hold with any
consistency on an item-by-item basis. In fact, it is not diffi-
cult to find high-priced equipments whose logistics costs are
relatively low as contrasted with low-priced equipments, the

logistics costs of which are quite high.

Many studies of military logistics have concluded that
relatively few programs, or very few commodity categories, or
4 small number of major aystems account for the preponderance

of procuremsnt dollars obligated during aany jiven period. This

1Aix Force Maintenance Management System (APM 66-1).
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18 sometimes refarred to as high-dollar or high-value stratifi-
caticn. It 18 often employed as a mears of emphasizirng the
areas 1n which an andlysis -f a zrobler or the application of

a solution 18 most likely to yieid the greztest return for the

cust incurred.

Pcr purposes of life cycle costing, any stratification em-
ployed should emphasize those equipments which yield the high-
est savings for the money expended. It must be re¢rembered that
our concern is with those logistics costs which are sensitive
to changes in suppliers. Attention shouid be directed first
to those aress which can generate the highest retura, in terxzs
of logistics cost savings, for the experse incurred in making

the analyses.

Ir. summary. the decision, whether a logistics cost analy-
s1s should be made, must depend not on equipment praice or type
cr complexity, but directly on the economic feasibility of the

anelysis: and this feasibility must be evaluated on a case-by-

Césv¢ basis,
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Part D: Quantificataion 3f Logistics Costs

The third ob ective ot Task Order 4C-5 1s the development
of methoas for measuring and fcrecasting logistics custs. An
essentic' requireme:nt of fuch methods is the ability to gquantify
the costs. DNct only must the support costs of the existing ver-
sion Oof the equlpment be known Or De capable of reasonable esti-
mat:on, but also the costs wnich will be incurred by awarding to

other than the current supplier.

if it were necessary to develop actual costs for every
logiscics operation of each functional category ider.zified in
Part B, the cost and time required to make an analysis would
wzobahly be prohibitive. In our spinion, however., such pre-
cisicon is not required. We believe the libersl use cf standard
costs is entirely justified as a reasonable and acceptasle al-

ternative.

Foxr our purposes, standard ccosts are pre-determined costs
of specific operations, establithed by such mecans 25 time

studies., MTH or anaiysis of cost accuunting recourds.

Mary vosts should be capabie cf pre-determiraticr. and ap-
plication tu procurements on & standard cost basis. Standard
costs Bhovse been found €5 Le :in use in each i the military
servives. sithough the Air Fucce i.xs deveioped the only group
of standdatd Cuats designed cxclusively for use in life cycle
ccnting.;

Froe. the standpoint ot future logistics cost arzlyses,
this study suggests that costs cf a predominantly manpower

nature car bost be considered if they are reduced tc engineered

M
“Air torce Reai/Ultimste Cost Regulation, APLCR 400-20,
AFSCF 3004, 14 Pebruary 196s4.




standards. Standard costing procedures reguive i1dentificaticn
ol manpower operations of a icgistics nature. Engi.aeered work
standaras must be developed for ecach i1ndividual worx element
CLuprising the operation in gyueotion. Each standard work ele-
ment .s then costed on the basis of average hourly costs zf the
ranpower .1.clved. The total cost of all such work elements

becomes the hourly standard cost of the cperation.

Standard costs of cperations can, and freguently do, vary
according to the magnitudes <f such operations. For example,
the Air Force has determinec that the standard cost of .ntrc-
ducing a new FSN differs 1ir its work content and scupe deDending
upor. whether tic iwew FSN 15 a part, sub-assembly or assembly.

. 1
Consequently, cost standards have been develcped for cach.
q Y pe

in the fcliiowing discussions relating tc quantificatio:. cof
LOog1siics costs, those ~osts which sight be considered on a
standard cost basis wili be 13entified. Cost categories will
be discussed 1n the sane order in which they were identified in

Part B.

. ¢ .
ive MAINTEHANCE ~--This cailegory :is.

in the ayygregate, the mcstl costly o9f ali the lagastics cost

CORKECTIV ENT

categories. The annual Cust Of fQINtOnaAnce manpower &rd matl-
: » - N 3 .
rial [or the Dod is abour £i3.7 birliion. It 18 important to

.

8 able LU assess maintenance cost iu performing & Logistics

.‘. N

“frad.

“Bocause 1t 1s more complex and represenvs much higher
cost thar. the other cotegories, Corrective and Preverntive
Maintenance is covered more extensively in the Appendix.

35:t1mat¢ chtained from the Directorate for M.intenarnce
Policy. OASD (I&l).
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cost analysis, not only because the absclute cost 9f maintenance
is high, but alsc because the frequency and cost of maintenance
actions often vary significantly amcng equipments produced to

the same specification Ly different suppliers.

There are numerous elements which must be taken inte account
1n estimatling maintenance cogst ¢f an end item over its life or
for some other specified duration. These inciude the operating
cnvironment, equipment design, service life, parts failure rates,
unit costs of parts, skills reguired, maintenance pan-hours for
the various pertinent maintehance actions, manpower cost rates,
preventive maintenance plan, mezintenance tools and fixtures, and
transportation cost. Costs of supply and training for direct
support of maintenance activities are not included because they
are covered by the Inventory Management and Training categories.
Administrative expenses are not included because they are not
very sensitive to changes in supplier, which is our major con-

cert.

The Government must (in order toc make maintenance cost cal-
culaction possible) state in the RFP the operating environment;
minimum and maximum service life which the bidder may use in
the calculation; restrictions regarding available skills, tools,
and fixtures; sources of falilure rates and parts ccsts; manpower
cost rates to be used; transportaticn cost standards; and spe-
cific procedures for the bidder tc follow in supplying informa-
tiorn relating to maintenance cost. The bidder must provide as
part of his proposal the equipment design, a preventive mairte-
rarce plan, and details of his development of any maintenance
information required by the RFP.

The two key questions to be answered in a calculation of

maintenance cost are:
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1. How frequently will the various mairntenance acticns
be reguired?

4. How long will the varicus mairntenance actions take,
2nd h-*v much manpower will they consume?

For reaningful consideration of logistics costs in procurerent
they xust be capable of being answered during hid evaluation

and prior to rield experience with the egquipment.

Reliabiiity Evaluation -~ The first guestion 18 an-

swered by a reliability evaluation. Por purposes of contract
award, we are concerned with the inherent reliability of the
equipment, leaving such problems as manufacturing errors, opera-
ting errors, and handling damage to the control systems which
are established to deal with them directly. We are concerned
almost exclusively with randon and wearout failures, as problems
of initiasi failure are usually short-lived and remedied by well-

esiablished corrective procedures.

(1} Randcin Failures-~-Random failures are those

whose specific times of occurrerce cannot De anticipated. Esti-
mates of their mean rates of occurrence, however, are usually
obtainable. Techniques for determining how frequently the asso-
ciated corrective maintenance tasks must be perfcrmed are well
estabiished. They have had extensive satisfactory application
in the desi:.gn and development of equipments--especially elec-
tronic eguipments. They have not been used, however, in the
Procurement decisions in which we are interested even though

these procurements are "downstream" from design and development.

One method of reliability evaluation for random
failures is the Part Failure Method. It is based on the theory
that the ultimate reliability of equipment depends on the re-

liability of the parts built into that equipr ant. Numerous
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compilations of failure rates have been develcped by both the
DoD (e.g., MIL-HARK-217 and the RADC Reliability Notebook) and
contractors. Przredures (e.g., MIL-STD-756A) and failure rates
exist in suca form that their application does not permit sub-
jective judgment and therefore cannot bias the bid evaluation

in favor of any particular bidder.

A simpler method of evalvation for random fail-
ures, commonly called the AEBEG Method is based on the number of
active elements groups (AEG's) in the end item being considered.
An AEG count is converted into a failure rate by a mathematical
equatior or from a graph based on the equation. Like the Part
Pailuce Method, the ABG Method has undergone much use in design
and development; results have had reasonably good correlation
with actual failure rates; and the method has received DoD ac-

ceptance (e.g., in NAVWEPS 00-65-502).

(2) Wearout Pailures--Wearout failures must re-

ceive different treatment from random failures in estimating
maintenance cost. Wearout failures can generally be anticipated,
80 maintenance actions made nrecessary by wear phenonema (e.g.,
stress rupture, corrosion, fatigue) can be scheduled. Thus,

such actions should be incorporated by the bidder in his pre-

ventive maintenance plan.

When wearout failure is involved, parts failure
rates cannot usually be obtained from standard tables or hand-
books, as they can for random failures. However, physical test
for failure rate is generally feasible. Once delivered, the
end item can be used for a short period of time, wear can be
measured, and the measurements extrapclated to indicate when

replacement or repair would be required. Thus, bidders' claims
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of wearout failure rates can be uscd in maintenance cost calcu-
lations, for the claims of the successful bidder can be written

into his contract and demonstration tests prescribed.

There are many variations and refinements of
these approaches to reliability evaluation. Some of these are
described in detail in the references noted. This report will
not attempt to cover them completely, although they are given
more extensive treatment in the Appendix.

Maintainability Evaluation - The second question on

Page 29 is answered by a maintainability evaluation. Such an
evaluation is directed at establishing the man-hours required
for the various maintenance tasks, the frequencies of which are

provided by the reliability evaluation.

The Government may specify (in the RFP) a standard
manpower cost per maintenance action, or standard manpower costs
for various different types of maintenance action. Such costs
would only be appropriate, however, if man-hours per maintenance
action were not likely to vary significantly among the different

bidders' versions of the egquipment.

In general, the bidders should be required to submit,
for each maintenance action identified in the reliability evalu-
ation, an estimate of man-hours ricedead to complete the action.
Any such estimate should cover as many of the following elements
as are pertinent: preparation, disassembly, and assembly: fault
diagnosis and localization; fault correction (repair or replace-
ment); cleaning and lubrication; adjustment, realignment, and
calibration; and check-out or finai test. The Government should
provide standard costs for the contractor to use ir adding tire
required for drawing material from stores and prevaring mainten-
ance reports.
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The successfu’ bidder's figures for required mainten-
ance man-hours should re incorpori.ted in the contract and demon-
stration procedures should be stipulated. An example of the
requirement and associated demonstration intanded is provided
by MIL-M-26512C (USAF).

Another interesting technique for securing estimates
o1 maintenance time was discovered in the course of the study.
It consists of a checklist of equipment characteristics, scoring
criteria for the checklist, and a regression equation for ob-
taining the time estimates from scores. This technique has been
used successfully, but not in enough cases as yet to merit un-
qualified endorsament. For more information, the reader is
referred to the Appendix.

In summary, reliability and maintainability evaluation
techniques and procedures are well established and have been
satisfactorily employed in design and development. In view of
this capability, together with the importance of allowing for
maintenance costs in making procurement decisions, a concerted
effort should bs made to apply them in logistics cost analyses.

If bidders can be expected to kriow the basic designs of
their equipments, they can be expected to carry out reliability
and maintainability evaluations according to well-defined pro-
cedures. Such procedures can be stipulated in the RPP, and the
evaluations can effectively be audited by the Government in the
Process of selecting the successful bidder.

Reliability evaluation identifies maintenance actions,
both preventive and corrective, and the frequencies with which
they must be performed. It also identifies the material (sub-
dssemblies and parts) required for a given period of tise. Tot*al
material cost can then be computed by multiplying the .umber .f
parts required by their unit prices.
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Maintainability evaluation provides the man-hours needed.
Total manpower cost is obtained by multiplying the number of
times the various maintenance tasks must be performed by the ~
assaociated man-hours, and multiplying these products in turn

by the appiicable standard manpower rates. -

INVENTORY MANAGEMENT--The key to computing Inventory Man-
agement costs associated with a specific equipment is the de-
tailed design concept being proposed. In addition, the
maintenance plan is needed to determins quantities, stock leveis
and storage points of maintenance parts: all of which directly

influence inventory costs.

This is one of the more costly categories identified by -

this study. thete are approximately 4.2 million PSN's in the

DoD 1nventory. It has been roughly estimated that these stock-

numbered items, exclusive of aircraft and missiles, are valued

at §38.9 billion.l Estimates of the annual cost of holding arn

item 1n inventory range from 15-25% of the average inventory

value.2 Using 20%3 and assuming that the average life span of

an inventory item is ten years, the cost of holding $38.9 killion

in inventory over a ten-year span is $77.8 billion.

Numerous studies and reports relating to the cost of in-

troducing and holding repair parts in inventory have been made.

1Directorate Of Statistical Services, Assistant Secretary
of Defense (Comptroller), advises that $38.9 billion is a reason-
able estimate of value of the 4.2 million FSN's in stock.

2Page 36, infra.

3Pago 37, infra.
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Estimates range from $33.98 per pattl

repair part.z

to §3,920.46 per new

In the first instance, the Air Porce has included in the
$33.98 only "identifiable costs associated with the specific
materiel management, supply and transportation organic functions
of requirements, cataloging, standardization, equipment authori-
zation, receiving, recording, storing and freight classification.'3
“From sach of these functional areas, engineered time standards
were accumulated for tasks directly and wholly relating to new
item input. The manpower for each of the functions was con-~
solidated and converted to dollars."

The U. S§. Army Engineer Maintenance Center reports that
its figure of §3,920.46 includes the costs of receipt, storage,
issue, stock control, supply control, cataloging, procurement

and transportation over the average life of an item in the DoD
inventory.

It seems evident that the Army and the Air Force approached
the problem in different ways. Yet, in essence, the cost devel-
oped by each service purports to represent the cost of adding a
new part to the supply system. In fact, the Air Force, when
using its Real/Ultimate Cost method of procurement assesses
bidders $33.98 in the bid evaluation for each new FPSN part in-
troduce? by the end item.

1
Op. cit., Page 26.

2
Corpe of Engineers Study, "Cost of Intrc.lucing a New Rs-
Pair Part Line Item into the Engineer Repair P.rts Supply System,”

1l August 1958, Planning Office, U.S. Army Engineer Maintenance
Center.

3Op. cit., Page 26.

4bid.
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Other estimates of “introducing new items into the inven-
tory” and "holding in inventory” have been made. In some in-
stances, valid comparisons can be made among the various
estimates; in others, the composition differs sc widely that
comparisons are difficult to achieve. Our rescarch has included
a2 study of several reports from which we have developed the
following:

Cogt of New PSN Introduction - Of all the costs which

can be associated with inventory management, we believe that the

cost of cataloging is the only significant one which is peculiar

to LW_W.I Bstimates of this cost vary widely.

Our research suggests that the cost of $207.00 developed by the
Army as the cost of initial cataloging and technical research
is reasonable for purposes of logistics cost analys.s.z This
amount embraces the costs associated with item idertification,
preparation of standard forms and coding of the item character-
istics, computer matching and print-out, entry into catalogs,
printing and distribution and follow-up paper work.

A prerequisite to the computation of this coet in a
logistics cost analysis is the submission of a parts list by
each bidder, identifying the parts (by FSN's when possibls)
which, in his opinion, must be carried in inventory as support
or repair parts. The first and less desirable method would re-
quire a complete verification of the accuracy of each bidder's
list as to PSN identification. To accomplish this, we believe
tre Government would incur approximately 90% of the cost it is

1lb find it more convenient and appropriate to refer to this
as FSN jdentification and assiqmment since, as will be seen, this
function does not necessarily culminate in a new PSM introduction.

209. cit., Page 34, Pootnote 2.
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attempting to avoid, since virtually every function, except
actual catalog entry, would be performed in making the verifi-
cation. Moreover, since verification would be required for
every bidder, its cost would unquestionably exceed the cost

of "introducing™ the new item.

The second method, and the one favored by LMI, would
also®require each bidder to submit a list of parts, identified
insofar as possible by PSN's. The sum of the parts not so
identified will be multiplied by $207.00 (or some other factor
the procuring agency may select) and the product will be the
cost of PSN identification and assignment. By this method, the
cost will be incurred only after the successful bidder is se-
lected and then only as to his bid, thus avoiding the cost of

verifying every bid.l

Sontipuing Management - The cost of this sub-category,
somstimes called the holding cost of inventory, has been the

subject of many studies. Our research has included reviews of
several of these studies, virtually all of which attemp: to
compute this cost as a percentage of the average inventory

value. The percentages range from 15X to 25%. The composition
of the rates generally breaks down into three groupe of expenses:

e Interest on funds invested in inventory
@ WYarehousing activities

® Obsolescence a1 deterioration

lcOnaidcration of this cost in bid evaluation might pos-

sibly influence some bidders to be overly optimistic in their
bids regarding the use of existing PSN‘'s. A counter-balancing
influence might appropriately be established by an RFP provi-
sion that errors discovered subsequent tc award will be compen-
sated for by contract price adjustments determined by multiplying
$207.00 by the total of all such errors.
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All the studies relating to Government operations have
taken interest at 4% in accordance with DoD Instruction 4140.11.

The cost of warehousing activitiosl

such as mainte-
nance in storage, receiving, issue, counting, losses and handling

equipment varied from 1.4% to 6%, with 5% as the mode.

The greatest variation among the studies reviewed oc-
curred in obsolescence and deterioration. Typical of the vari-

ances are:

6.1X ~ Fort Devens and Port H.adoz
10.0 - Prankford Araen113
l11.4X - Tobyhanna fignal Dopot2
15.06 =~ Air Force Air Materiel Areas-- 4
Ogden, San Antonio and Middletown
No attempt has becn made to evaluate the findings of
those studies. Por purposes of this project, 20% of the average

!8uchan and Koenigsberg, Scientific Inventory Nanagemsnt.
Page 288, "Holding implies two types of costs: (1) that asso-

ciated with the physical presence of goods, (2) that of the
capital tied up. The first of these costs includes both fixed
and variable components. When goods are stored in a warehouse,
the rent (or amortisation cost), electricity and heat are more
or less fixed: a reduction of inventory lavels by, say, 20%
will not raeduce the cost. The labor and equipment required
may, however, be a function of inventory level."

2nconanic Inventory Policy Report #2, "The Cost of Supply
Operations, " prepared for Deputy Chisf of Staff, Logistics,

U. 8. Army, by Harbridge House.

3!.1.1. Study, “Control Procedure for Medium and High-
Dollar Value Non-Reparable Items, " prepazed by Prankiord Arseral
for U. 8. Army Supply and Naintenance Command, May 1963.

‘Part: support for Air Porce Depot and Contractor Mainte-
nance, Project 1D~1, Logistics Management Institute, August,
1963,
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inventory value has been selectcd as the annual rclding cost.
(However, the individual servires are encouraged to develop
their own factors.) Variance about the 20% figure 1s not as
great as might be assumed. Obsolaescence tends tc be in the
upper portion of its range at depot level activities, where
warshousing cost is in the lower part of its range. At lower
level maintenance activities, the cbsolescence perceritage tends
to be lower and the warehousing cost percentage higher, so tlat
the total does not change significantly.

Numerous studies in private industry wave yielded
holding costs in the range of 15% tc 20X of avirage inventory
value, with most of the results being in the uppelr part of the
range. Comparing these figures with delciasu equipments in which
the risk of obsolescence is, in general, much higher, the 20%
figure does not appear excessive.

The ccset ©of Inventory Management <or each bidder would
thus be determined bf multiplying 20X times the aatisated service
life (in years) of the end item beirng supported, by the value (in
terms of purchase price) of the average inventory helid.

Avotagg‘invontory value wili not usuvalliy be available
10 precise terms at the time of bid cvaluation, for it depends
not only upon the demand rate, but also on variability of demand,
lead time, unit cost, cost of ordering, and in fact, the hoiding
cost of inventory. It will generally be jprchibitively expensive,
if not technicslly anfeasible, tc -onsider these factors directly
in computing the average inventory for =ach support ites. A
practical method is to use actual inventary data 1or items of a
similar price range at similar stockage points.

Suppose the Army is buying an end iter which »iil be
supported at the depot lavel by parts whose unit costs fall in
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the range of $1 to $500, and that predicted consumption of these
parts amounts to $1,000 per year. It would then be appropriate
to secure from Army depots data regarding values of issues and
inventories of parts in approximately the samc unit cost range.
Supposé that such data were obtained for a two-year period and

averages were computed as follows:

Quarterly Issues $ 30,000
Inventory on Hard $216, 000

"her apnual issues would be 4 x $30,000 = §$120,000, and the
average inventory, expressed in years, would be $216,000/
$120,000 = 1.8 years. The average inventory value would then
e 1.6 x $1,000 = $1,800. 1f the expected service life of the
end item was estimated as severn years. the inveintory holding
cost of the parts would be 20% x 7 x $1,800 = $2,520.

ALY -~The estimation of

tiaining costs requires a determinatior of the trainang program
in terms of numbers of training sites, numbers and types of
trainees and instzuctors, number and duration of sessions,
sanuals, training aids and hardware. The prograp so determined
provides the haszis for costing the folliowing sub-categories.

Hagdwage - Training hardware includes the necessary
quantity of end items, special support equipsent, repair parts
and test equipment thuixnd»:gec;chaily for training purposes.
Costs of this hardware can be obtained é;rcctly ¢rom the bidders.

BANROWeE ~ Includsd here are the costs associated with
the pay of igagructors and students, their subsistence and tra-
vel and any other fringe cosets associated with personnel. Engi-
neered standards should be dsveloped 2nd used in costing this
sub-category.
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Trainino Aids - This sub-category includes non-hardware

items such as slides, charts, mock-ups and models. Booklets,
pamphlets and manuals peculiar to training are also included.
Similar material used in training, but common to maintenance
and operational functions, is included in the Documentation
Category and is thus excluded here. Having identified the re-
quired aids, cost estimztes can be made from information on
file from similar situations or quotations can be secured from

appropriate sources.

As in the category of Inventory Management, the key to
determining the costs invelved in Training is the acquisition
with each bid of the detailed design concept being proposed.
Since the RFP must be specific as to bid evaluation criteria
and their measurement, and will of necessity be prepared with-
ou: any knowledge as to how the design will vary among the bid-
ders, it must stcipulate precisely how inferences about training
requirements will ke drawn from design infcrmation supplied
with the bids. Rules to serve this purpose will have to be
established through sound engineering judgment ard review of
any available histor:cal data regarding training requirements
generated by supplier changer for the same or closely related

equipments.

It might be concluded, for instance, that a 15% parts
change would induce need for a n¢.; training program. In such
event, the RFP would provide that if any proposed design were
tu deviate from the existing design to the extent tha% 15% of
the parts in the current design were replaced, such bidder
would be assessed an amount for additional training. The amount
should include a figure computed by adding the manpower and

training aid costs which would ensue. In addition, the RFP
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should sprcify a hardware assessment, which wculd be made by
multiply:irs the number of additional hardware required for

training by the appropriate bidder's unit hardware prace.

As noted earlier, lack of an effective ccst accounting sys-
tem for logistics purposes makes it difficult to determine the
histeoriczl costs associated with existing equipment. In estab-
lishing cost factors to be employed in evaluating training costs
associated with bidders' equipments, therefore, reliance must
continue to be placed on the judgment of knowledgeakle techni-
cal personnel responsible for training functiocns within the

military agencies.

Before leaving this category. it should be noted that
training, in the aggregate, is not an insignificent cost to the
DoD. It has been estimated that the total cost ci those sub-
categories listed herein aporoximates $1.0 tallion annually.1
While all such training is not associated exclusively with the
equipments under study, nevertheless we believe it is of suf-
ficient magnitude tou be worthy of evaluation as a logistics

cost.

INSPECTION, INSTALLATION AND CHECK-OUT--Like the category

of Training, this category subdivides readily into labor and
material costs. As in other categories, a prerequisite to cost

quantification is informatior regarding design concepts.

Hardware - Changes in equipment coniiguration fre-
quently affect the cost of inspection, installation and check-
out. New bdidders may require relocatior. or new procurenent of
inspection tools and gauges and other test equipment. Instal-

lation and check-out hardware requirements will be determined

Directcorate for Maintenance Policy, Cifice of the Secretary
of Derange (Installations and Logistics;.
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largely by the design concept. Such hardware includes, for

example, connectors, bases, stands and calibration equipment.

This sub-category needs evaluaticn to determine what
hardware will be required by virtue of changing suppliers. Its
cost may be determined from information on file in the procuring
agency or, when time permits, by quotations from appropriate

sS0uUrces.

Manpower - Labor, in terms of the technical skills re-
quired to perform operations of this functional category, is
susceptible to determination. Engineered work standards and
the average hourly or daily costs for each work standarad can
be developed. The variable in this computation is the number
and extent of operations required by the design concept of each

bidder. This variable must be estimated on a case-by-case basis.

The cost of this category for each bidder will be the
total of labor and materiel costs, plus any transportation re-

quired to relocate or procure inspection equipment.

TRANSPORTATION--Techniques for determining transportation

costs are so well established that a discussion here would con-
tribute nothing of substance.l The important thing to remenber
is that the cost of initial transportation of the end item is
only a part of the consideration. The transportation costs of
maintenance parts, for example, for movement from place of pro-
duction to place of storage or use, computed over the service
life of the equipment, should also be considered. This cost
may also vary among the bidders. Transportation for maintenance

activities is covered under "Corrective and Preventive Mainte-
nance. "

1ASPR Scction I, Part 13.
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DOCUMENTATION~-~-This category of cost, while not usually
substantial in relation to Maintenance and Training, neverthe-
less can be significant in specific cases. Once again, details
regarding the extent of desiqgn changes being proposed are re-

quired in order tc guantify this category.

Given the design concept, three types of cost must be de-
termined. First, the cost of producing the new documentation;
second, the cost of conforming existing documents to the changes:
and third, the cost of distributing the changed documentatior.

In order to develop thcse costs, it is necessary to know the

extent of documentation changes.

The logical sources of this information are the bidders.
However, the Government must make the existing documentation
available to bidders if they are to be held respcnsible for
identification of changes. This can be done by incorporating

by reference the existing documentation in the RFP.

The cost of any changes required can be secured either as
a line item in the hardware bid; from pre-determined cost stand-
ards; or, if time permits, by quotation from appropriate sources.
In any event, the successful bidder should be required, as a
contract line item, to furnish at least all original material

(text and art work) involved in the document changes.

OPERATION--In the procurement of relatively complex equip-
ments, changes in design by new biddeiss sometimes involve
changes in costs of operating the equipment. These costs are
usually reflected in additional or different types of manpower
and power or fuel consumption. Manpower costs of this nature
are susceptible to application of standard labor costs which
can be computed for the operational life of the equipment or
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some other specified time interval. The incremental manpower
requirements, if any, can be determined, hdbever, only from

knowledge of the differences in designs being offered.

Fuel or power requirements can best be determined when
egquipment is available for pre-award testing. Since this is
usually not practical, bidders should be required to provide
such information. The computation of “he cost can be accom-
plished by applying appropriate fuel rates to quantities re-
quired over the expected life span of the equipment.
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Several practical crcriens encountered in this study have
been those of determining how best to apply a lcgistics cost
analysis:; by whom it should be made; in what procurement Cir-
cumstances: in what types of procurements; and at what point

or points in the procurement cyclé.

There are two iderntifiabie intervals in the bprocurement
cycie of an equipment in which logistics cost analysis plays
a role. The first is when competition is contemplated. Tnhis
involves consideration of the economic feasibility of competi-
tion and such analysis, which we call Mode 1. The second 1is
when bids are evaluated. This involves actual applicaticn of

the analysis, calied Mode 2. Occurrence ci Mode 2 depends upon

the decision in Mode 1.

Traditionally, the competitive decision involves a choice
between twoc alternatives: sole-source and price competition.
We are now introducing a third alternative; namely, competition
with logistics cost analysis. Since there are costs associated
with making an analysis, it is important to weigh such costs

before deciding in favor of analysis.

It is evident that Mode 2 will not occur unless there has
been an affirmative decision in Mode 1 to make a competitive
procurement accompanied by a logistics cost analysis. Having
made this decition, the RFP must be prepared with the analysis
in mind, and the successful bidder must be selected through
the analytic process described in the RFP.

Design competition, in the classic sense, is not involved
in our Mode 1 since we are dealing with equipment buys beyond
the R&D stage.




46

Mode 1 - Feasibility of Competition and Logistics Cost N
Analysis--The purpose of Mode i is to avoid uneconomical expense
of logistics cost analysis or even competition when there is no
expected resultant benefit to the Government in terms of total
cost. An elabocrate, detailed, and thus expensive Mcde 1 prc-
cedure would be inconsistent with this purpose. Methods appro-
priate for Mode 1 must be restricted to utilizing pertinent data
and expert opinion which can be readily and inexpcnsiveiy obtained

and reviewed. Judgment will necessarily play a vital role.

It is important to study the Mode 1 decis:ion, including
all the questions implicit in it. These questions will be pre-
sented in this report in a sequence which portrays the logic
inherent in the decision. #PFew of the questions are capakble of
explicit treatment withi.. the Mode 1 limitations noted above.
Nevertheless, application of the best available judgment to the
various parts of the logical iramework provided wilil yield
better results than over-all judgment applied to the decision
as a whole. Only by recognizing all the logic steps which would
be followed in an ideal approach (i.e., with complete informa-
tion and resources as great as desired) can it be assumed that
the judgment required is applied as cffectively as pocssible.
Systematic application of judgment, based on less than complete

information, is not equivalent to abandonmert of the decision

to intuition.

There are four different subjects of investigation in Mode 1.
One is the dollar magnitude of the logistics cost categories and
the variability of their costs among different bidders. Second,
there is the expense involved in analyzing the categories. Third,
any logistics cost advantage associated with awarding the contract
to a former or current supplier must be considered. And fourth,
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the expected amount of tre purchase price ard 1ts variacility
among bidders may play an important rcle ir. the decision. By
examining these subjects, Mode 1 attenrpts to establish (i)

whether the logistics costs invclved, 1n concinatioh with the
expense of analyzing them, make a logistics cozt 2naiysis eco-

nomically unjustified and thus it is :ndicated n

-+

the contract
award should be made on the basis of price compeziticn; (2)
whether the equipment of scme former or currer.t sugplier repre-
sents such a logistics cost advantage tc the Government that
competition 1s not economically justifiable and thus the pro-
curement should be sole source: or (3) whether there is econcmic
Justification for competiticn incorporating ccnsideration of

certain logistics cost categories.

"Mcde i Questionnaire, ™ presents a scquerce -f questions
representing the lcgical steps of a Mode i decisicr 1n procure-
ment of a miiitary end item or part for such end 1tem, the re-
quirement (including purchase gquantity) for which has already
been generated.} Comments are added regarding some of the
questions. These are indicated on the Questionnaire ky circled
letters. The Questionnaire 1s accompanied by a “FPlow Chart »f
the Mode 1 Decision.” The numbered blocks cn the Plow Chart

correspond to the associated questions.

lPaqc 48, infra.
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11.

MODE | QUESTIONMAIRE

What logistics cost categories are pertinent to the equip-

ment? If none, select the Price Competition alternative,
and skip to Question 16.

What physical or functicnal characteristics cf the equip-
ment influence the costs of these categories?

Which of these characteristics are likely to vary among
different bidders' versions of the equipment? If none,

select the Price Competition alternative, and skip to
Question 16.

For each suck characteristic, how much variation can reason-
ably be expscted?

What is the expected cost impact of each such variation on
the pertinent logistics cost categories?

For sach logistics cost category so affected, does the equip-
ment of any former or current supplier represent a logistics
cost advantage to the Government? @ If "No” for every such

category, gliminate the Sole Source alternative, and skip to
Question 11.

What is the amount of each such advantage?

Does tho equipment of any former or current supplier repre-
sent an advantage in more than one logistics cost category?
If “"Yes, " what is the total advantage it represents?

Do the equipments of twc or mcre suppliers represent advan-
tages? If “"Yes, " which one revresents the largest total
advantage? If two or more represent the (same) iargest ad-
vantage, inate the [ alt tive, and skip to
Question 11.

Considering purchase price and all pertinent logistics costs,
is it reasonable to assume that a bidder, other than the cone
wvhose equipment represents the largest total logistics cost
advantage to the Government, can overcomes that advantage as
well as the additional source selection costsl that competi-

tion would gensrate? (B) If “No." accept the Sole Source
alternative.

Por esach logistics cost category affected by the variable
charracteristics of Question 3 (i.e., for each category iden-
tified in answering Questicn 5j), what woulid be the cost of
making an analysis in ths process of evaluating bids?

ltxcluding possible expense of logistics cost analysis.




12.

13.

14,

15.

16.

Are there combinations of logistics cost categories whose
joint analysis would cost less than the sum of the costs of
analyzing them independently? If “"Yes, " what are the com-
binations and what would be the cost of each joint analysis
so indicated?

Considering the susceptibility of the logistics cost cate-
gories tc cost variation (from Question S) and the costs of
analysis (from Questions ll and 12), for which categories
can logistics cost analysis be economically justified?

If “None, " and the Sole Source alternative has been elimi-
nated, Z select the Price Competition alternative, and skip
to Question 16. If some analysis is justified and the Sole
Sowr ce alternative has been eliminated,3 select the Compe -
tition with Logistics Cost Analysis alternative. 1f some
analysis is justified and the Sole Source aiternative has
not been eliminated, skip to Question 15.

Considering purchase price only, is it reasonable to assume
that a bidder other than the one whose equipment represents
the largest tctal advantage to the Government can overcome
that advantage as well as the additional source sslection

costs that Price Competition would generate? (B If “Yes,"

select the Price Competition alternative, and skip to
Question 16. If "No,” accept the Sole Source altéxmative.

Considering purchase price and the logistics costs whose
analysis has been economically justified.4 is it reasonable
to assume that a bidder other than the one whose equipment
represents the largest total advantage to the Govermmsnt can
overcome that advantage as well as the additional source
selection costs that Price Competition with l.ogunc: Cost
Analysu would qcmtate? ® 1f "Yu.

jtion wi Astic t tive. 1t "lo."

t 1 t .

(Answer only if Price Competition alternative has been ac-
cepted.) 1Is variation in service life expected, within the
span defined by the minirnum the Government will accept and
the maximum it is interested in, among diifersnt bidders'
versions of the equipment? @ If “Yes, " the contract asard
should be made on the basis of the lowest quotient obtained
by dividing purchase price by service life. If “No," the
contract award should be made on the basis of lowest pur-
chase price.

2By Question 6 or Question 9.

3!b' ).

4In answering Quastion 13.
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Mode 2 - Utilization of Logistics Cost Analysis--Having
determined in Mode 1 that competition with logistics cost analy-

sis will be obtained, it then becomes necessary to structure the
RPP with the analysis in mind. Specifically, those categories
vhich are to be analyzed (determined in Mode 1) must be covered
in the RPP with “"sufficient clarity and definiteness to enable
each bidder to know precisely how the bids will be evaluated."l

For purposes of illustration, let us assume it has been
decided in Mode 1 that Inventory Maragement costs are susceptible
to significant variation among the bidders and that their rela-
tionship to the cost of analyzing the category justified the
analysis. It will then be necessary to detail in the RFP the
method to be employed in evaluating this category.

As has been noted several times in this report, a prime
requisite of the analysis is information regarding the details
of design and support (maintenance) parts. Thus, the RFP must
stipulate these as requirements. By referring to Inventory
Management in Part D, suggested methods for evaluating this
category will be found.2 Regarding the suggested methods, it
is impg * »nt to note t:.. whether they or some other methods
are adopted, those selectud must be included in the RFP with
sufficient clarity that bic.=2rs can reasonably be expected to
understand how Inventory Ma agement costs are to be treated in
choosing the contractor.

Methods of quantifying -usts for each of the logistics cost
categories have been discusavd in this report. These methods

lvaqo 63, infra.

zPagc 33, supra.
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should not, in any sense, be construed as being ali-inclusive.
They represent suggestions only and the military agencies are
encouraged to use any other methods which are more suitable.
Nevertheless, for each category to be analyzed, a suggested
method of quantification is available and the procedure illus-

trated above may be foliowed in structuring the RFP.

The relative difficulty of quantifying logistics costs will
vary from item to item and from procurement to procurement.
There may be occasions when it will not be possible to devise,
in advance, a method of quantifying costs for some particular
category (e.g., Training) because the effect of predicted changes
in equipment on the costs cannot be stated equitably. In such
cases, if it is important to analyze the category and the addi-
tional expense and time has been determined in Mode 1 to he
economically justified, it is suggested that a technique similar
to two-step formal advertising be employed.l This will provide
a means of examining the proposed designs and determining their
effect on the logistics cost category in question prior to com-
micting the bidder to price proposals. The request for design
proposals, in such instances, however, must alert the bidders
to the fact that the proposed designs will be studied in light
of this objective and that each subsequent request for a price
pProposal (if any) will specify, in terms of dollars, the added
cogts of the category to be assessed that bidder.

The next step in the procedure is the evaluation of bids,
which must be done in strjct compliance with the Request for
Proposals. The sole purpose of competition with logistics cost
analysis is the selection of a contractor whose proposal repre-
sents the lowest cost to the Government, price and other factors

1
ASPR, Section II, Part 5.
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considered. This being so, the purpose of the bid evaluation
is to determine the absolute costs of each bidder, including

quoted price and, as indicated by Mode 1, logistics costs and
service life. There are, of course, many ways of evaluating

bids, but as has been stated, the method to be employed will

have been specified in the RFP. The following ilJlustrates a

bid evaluation.

Two logistics cost categories have been determined to be
significant. 1In addition, service life has been stated in the
RPP to be a variable: the minimum acceptable service life being
five years and the maximum life to be considered being ten years.
It is further stated that award will be made to the bidder whose
bid represents the lowest cost per year. The bids are:

Bidder Purchase Preventive & Cor- Inventory  Service Life
Price rective Maintenance Maragcment (in ycars)
A $1,000 $1,000 $500 10
B 900 800 100 6
Cc 800 1,200 400

For each bid, the quoted price, Maintenance cost and Inven-
tory Management cost are added and the sum is divided by the pro-
posed service life. The results are:

Bidder A -- §$250
Bidder » ~- 300
Bidder ¢ -- 300

Bidder A receives the award.

L ity
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rt P bl of Appiication of istics Ccst i8

Impediments to Logistics Cost Analysis--It was noted in

Part D that an essentiail requirement >f any method for fore-
casting and measuring the occurrence cf life cycle costing is

an ability to quantify che cost. It became evident early in

the project that there arec two major impediments to this require-
ment. One of these impediments is thec absence of psrtinent cost
information within the DoD. The other is the lack of specifics
regarding the equipment decign proposad by bidders.

Lost Information Impediment - Regarding the absence
of cost information, a study report dated 25 June 1962 had this
to say:

“The accounting systems of the Departments and
Agencies constituvte the principal means of collecting
cost data for use in the Programming System. They
furnish raw data inputs for the requirements models and
special cost stud.es, anc they provide feedback data
for measuring perfornance against plans.

"The importance of these data makes improvements
in the accounting system of vital concern to Program-
ming. On the whole, the present system is seriously
inadequate for piogramming needs. Perhaps the most
sexrious problem is the diversity of accounting systems
presently used by the Deptrtment: and Agenciss--each
covering a portion of their activicy, but none covering
the whole. Another scrious deficisacy, from the pro-
gramming standpoint, is the strony emplhasis which DoD
accounting systems piace on the discharge of account-
ability for approp.iations, funds, and cash as required
by laws and regulations, rather than on cost information
for managemsnt purposes.

“Accounting data are more likely to be classified
along appropriation lines than in the way programs are
actually managed. Because accounting practices wary
80 widely among the Services--and indeed within any
single Service--cost comparisons are hard to make and
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uniform programming procedures are difficult to install.

Accounting reports are often ponderous things--untimely

masses of data lacking much real meaning and with no

acceptable standard by which actual performance can be

judged. =1

The report optimistically noted, however, that costing

deficiencies had been recognized by OASD(Accounting) who had
“made a series of far-reaching recommendations which are designed

to meet the needs for better accounting data for both management
and programming. "

One significant step designed to rectify accounting
deficiencies was taken in August 1963 by the issuance of a DoD
1nstruction.2 Its purpose was to prescribe a uniform cost
classification structure for depot maintenance operations. 1Its
objective was to provide a basis for develcping improved manage-
ment of depot maintenance. The Instruction, issued by the As-
sistant Secretary of Defense (Comptroller), required depot
maintenance activities to employ a cost accounting system de-
signed to, among other things, "account for all elements of
cost, as describded in Section V herein, incurred in the perform-
ance of depot maintenance, including the cost of indirect support
functions and the related genexal and administrative support
functions, regardless of how such costs are financed.”

1ltudy Report on the Programming System for the Office of

the Secretary of Defense, prepared by Office of the Assistant
Secretary of Defense (Comptroller), Programming Directorate for
Systams Planning.

zn-partn-nt of Defense Instruction 7220.14, August 14,
1963, "Uniform Cost Accounting for Depot Maintenance."”
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Section V of the Instruction specified that the fol-
lowing cost elements should be included:

civilian personnel

military personnel

materials and supplies

contractual services
installation--indirect or overhead

maintenance support

contractual maintenance

This action is the first major effort of the DobD,
noted during our research, to astadblish an accounting system
designed primarily as a logistics management tool ss contrasted
with systems designed primarily to account for expenditures by
appropriations and for budgeting purposes.

Approximately one year following the issuance of DoD
Instruction 7220.14, DoD Instruction 7220.17;1 designed to pro-
vide uniform cost accounting for supply activitics, was issued.
While the results have not yet been evaluated, it is believed
that these Instructions, if vigorously implemented, will pro-

duce valuable information for logistics cost analysis.

Resiqn Information Impediment ~ This report has pointed
out that attempts to quantify logistics cost are dependent, in
virtually every cost category, upon specifics reqarding equip-
ment design. Unless the Government 18 in a position to compare
details of design, including such things as ~eliability, main-
tainability, repair parts and special support equipment, it waill
be impossible to make any meaningful analysis of the differences
irn cost among bidders. Information relstive to each particular

1Don Instruction 7220.17, “uUrm form Cost Accounting for

Major 8upply Activities, ™ 21 Auyust 1964.
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design concept therefore, must be supplied by each bidder.1
Detailed definition of design traditionally has not been sup-
plied by or required of bidders; nor has it been traditional to
require lists of spares with bids. To the contrary, spares are
usually provisioned from 3 to 18 months after contract award.

A major question confronting us therefore has been: Can
the Government secure the needed design information without incur-
ring unreasonable cost and within acceptable periods of tino?z

As to the question of cost, we believe that in the
vast majority of cases the Government will incur little or no
additional direct cost.? It is very probatle that bidders will
be put to additional expense which will undoubtedly be reflected
in increased overhead. This will ultimately bs reflected in
additional cost to the Govermment if all bidders continue to
do business with the Gov.rnmnt.4 This additicral cost is ex-
tremely difficult to isolate and measure.

11n the purchase of cummercial (off-the-shelf) equipments,

a sample of the item itself may bc supplied. In such a casc, the
need for design information cannct be regarded as an impediment.

zliddtrs' ability to supply details of design will depend
heavily on the Government's definition of the operational and
maintenance plans in the RFP's.

3Thor0 will be occasions, such as have been seen at the
Arzmy Tank-Automotive Center, when the Gnvernment may purchase
samples of major equipments for extensive test and evaluation.

‘In this connection, it is well to remember that the Govern-
ment historically has followed a policy of encouraging industry
to bid freely for Government business. Every evaluation of com-
petition tends to equate freedom of competition with greater
numbers of bidders. Only one bidder, in most instances, is
successful. Meanwvhile, many bidders have incurred the cost of
bidding which must somehow be reccvered. 1t is logical to as-
sume that those costs are now being passed on to the Government,
at least in part, in the form of incraased overhead.
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We believe that if bidders are required to submit de-
tailed and specific design information with each bid, the number
of bidders may well be reduced, primarily among those fringe
bidders who have no real qualification in the instant procure-
ment. We further believe that this reduction will have the
effect of off-setting the additional costs which will be incun-
red by fewer, but generally better qualified bidders, without
impairing the effectiveness cf the competition.

We have concluded therefore that increases in cost to
the Govermment for the additicnal effort required of bidders may
be more illusory than real. Actual tests should determine whether
we have postulated correctly.

Regarding the additional time which may be required,
we are of the opinion that better advance procurement planning
should effectively overcome this obstacle. Other studies by
the military services and LMI have clearly enunciated the ad-
vantages and importance of advance planning, which should pro-
vide the additional time, particularly if the advance planning
is coupled with an expanded use of multi-year contracts.

There are at least two precedents for requiring the
kinds of information being considered here. One is the practice
of securing bid samples. Another is the use of two-step formal
advertising. Although this report is not directed-to the use of
logistics cost analysis in formal advortising,l its techniques
are certainly adaptable to negotiated competition whanever they
can advantageously be employed. Virtually the only difference
between two-step formal advertising and the use of a lcgistics
cost analysis in negotiated competition is delayed subaission

1).9. 60, infra.
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of price proposals in the first instance, and a concurrent sub-
mission of technical and price proposals in the second. The
latter is actually preferable fron a time standpoint.

n igation iments ~ In addi-
tion to cost and design information impediments, there is anothar
obstacle which ultimately will require attention. This is the
obstacle inherent in appropriation methods and separation of
functional responsibilities.

Usually end items are procured against one appropria-
tion and logistics functions are supported by others. Por in-
stance, the costs of maintenance, supply and training are rarely
charged to the appropriation used for procurement of end items.
By the same tok;ﬁ. individuals responsible for establishing
operational requirements for and items are distinct from those

responsible for maintenance or supply or training.

This diffusion of responsibility and multiplicity of
appropriations ssems to have produced parochial interests in
those responsible for administracion of appropriations. Bach
is motivated to use the funds assigned him to achieve maximum
results in his own specific area and is not motivated to con-
sider the effect of his actions on costs of sther functions.
Thus, the importance cf assessing total cover-ail costs is
obscured.

This obstacle is illustrated by the reluctance of
thoose responsible for operational requirements to sacrifice

procurement funds in favor of beneficial reductions in logis-
tics costs. This is not surprising since, to date, there has
been no convincing way to demonstrate such reductions Scfore the

S LN R S

fact. Moreover, the lack of a firm policy requiring logistics
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cost analyses in competitive procurements and, more importarntiy,
supporting those at the operating level who attempt to consider
logistics costs, adds to this impediment. Finally, compart-
mentalization of functional responsibilities, a common charac-
teristic of the military agencies, has tended tc isolate
techriical and purchase perscnnel from one another, resulting in
inadequate consideration of all pertinent factors at appropriate
times in the procurement process.

Hopefully, demonstration of reliable aethods of
making logistics cost analyses will be halpful in alleviating
these obstructioncs. The issuance 5f a xirm policy statement
at an appropriate time (preferably after succes.iul testing of
logistics cost anslyses methods) seeus desirabla.

Finally, a grcutcer degrec of joint aad coopcrative
ingg: (including Reguircment:) .
Maintenance. Supply. Ixeaning. Comptioller and Purchsge func-
tions in meking comprtitive procurement decisions. I% cannot
be over-emphasized that a logistics cost analysis requires the
utedst in team effort by individuals responsible for such func~

effort is required among

tions.l The weapon aystem management concept icpresents one

licur Admiral E. E. Fawkes, Burcau of Navel Woapons.

Presentation to NSIA Maintenance Advisory Cumnattee, Williamsburg,
Virginia, 3-5 June 1962. “Coordinatiorn of decisions relsted to
support equipment repair parts and technical manuals is very

-difficult &£nd is scldom achicved vith coplete success. The

timeliness of these actions .is also subject to question. These
actions are usually taken after the werpon system technical
characteristics are woll established and when we are confronted
with a rather inflexible demand for 3upport resources, we are
victims nf the classic maintenance protiem: the normal reaction
is that we are too early, yet wher we are permitted to partici-
pete in the weapon systrm developsent procran, wg La0d we %€
£00 Jate. The design is frozen and we must obtain the readi-
ness resources vhich the desigr of the weapdn system dictates.
We £ind at this time there is no mancuveriny 100om in the support
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approach to this problem. It must be borne in mind, however,
that the preponderance of equipments subject to logistics cost
analysis are not candidates for systems management. It is
necessary, therefore, to devise ways of creating greater team
effort within the functional crganizations cf the military

services.

While this problem has been observed during our study,
no effort has been devoted to its solution. Interfaces between
the technical and procurement personnel and functions are the
subject of an LMI reconnaissance study.l

Testing of logistics cost analysis techniques will go
far to either validate or vitiate these conclusions.

Application of Logistics Cost Analyses to Formal Advertising--

Th.s report has heretofore addressed itself exclusively to nego-

tiated procurements. Early in the project, however, study was
devoted to the propriety of considering lngistics costs in the
evaluation of bids submitted pursuant to the formal advertising
procedure. Section 2305 (c) Title 10, United States Code pro-
vides that such bids "shall ke opened publicly at the time and
place stated in the advertisement. Award shal. be¢ made . .
to the responsible bidder whose bid . . . will be most advan-
tageous to the United States, price and other Jactcrs considered.”

(Bmphasis supplied.)

decision-making process and we have lost the lead time required
for obtaining and training personnel; the development, evaluation
and production of tcaining devices and support equipment; and the
timely procurement and distribution of spare parts and manuals.”

lOtganisgtional and Procedural Guidelines for Optimization
of Technical/Procurement Interfacing.
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it woul’ seem therefore that from a legal viewpcint, the

DoD need not make awards based only tn the lowest guoted price.
This has been confirmed by the Comptrolier General in several
decisions. 1In B-151177 dated 17 June 1963 he stated:

It should be pointed out that, contrary to the
implications raised in your letter, vur Office has
expressly held that the cost of maintenance and opera-
tion of equipment is of primary importance and that no
legal objection is seer to the issuvance of a specifi-
cation advising prospective bidders that such elements
will be taken into consideration in addition to price
in the acceptance or rejsct -n of bids. 36 Comp. Gen.
380, 384 citing A-50925, Sep.ember 21, 1933. To the
same effect with reference toc che cost of Government
inspectior. see 3 Cnmp. Gen. 64¢. With respect to the
stated factors of installation expense and need and
cost of spaie parts it is no: uncommon for invitation
for bids tc prcvide that such factors will be taken
into cons deration ir evaluating bids and we have not
objected tc the cconsideration of these factors. Sec.
36 Comp. Gen. 3B0 and B-126830, Febraary 21, 195¢. 1In
the latter decision we stated, in pertisent part, that:

‘In the evaluation of competitive bids, the
rule has been established that >rly such factors
{other than prices bid} may be ccusidered as
have been clearly indicated by the invitation
or may be considered tc have becn neccessar:ly
known to all parties, such as transportacicon
costs where the articles cffered are priced

at a point other than that at which they are
desired. The language of paragraph 15 of thas
invitation . . . that any clemenct which would
affect tne final cost to the Government would
be considered, may be sufficient to justify the
use of installation costs of the equipment in-
volved--foundation, building, and cooling ap~-
paratus--as a factor in evaluating the bids
received, since the necessity for such inatal-
lation was obvious from the very nature of the
reguirements stated . . . .’

“The chief legal problem that arises in connection
with the factors discussed above is not whether such




factors may properly be used in evaluating bids, but
whether these factors can be stated with sufficient
clarity and definiteness to enable bdidders to know
precisely how their bids wili be evaluated. Such
knowledge is imperative if bidders are to compete
on an equal basis as required by the laws governing
formal advertising. As stated in 36 Comp. Gen. 380:

‘Tha "basis”™ of evaluation which must be
made known in advance to the bidders should
be as clear, precise and exact as possible.
Ideally, it should he capable of beirg stated
as a mathematical equation. In many cases,
however, that is not possible. At the minipum,
" _must stated with sufficient
clarity and exactness tc inform each bidder
pEior to bid opening, no aatter how varied the
. regponses, of cobjsctiveiy determin-
3able factors from which the bicder may estimate
within reasonable limits the effect of the ap-
plication of such evaluaticn factor on his bid
in relation to other possible bids. Ry the
term “"objectively determinabie factors" we mean
factors which are made known to or which can be
ascertained by che bidder at the time his bid

is being prepared. . . .' {(Undecrscoring supplied.)

"While we reconnize cnd a¢guoee thet 1t would be
in the Government's best interest %o rnake .uch fac-
tors as you list a part cf all bid eainction for-
mulas 80 as to arrive at the lowest "total cost, '
it must be noted that the factors lizctcd cannst in
every instance be descrilked or _vilviied with the
precision and accuracy requirec by the fcrmal adver-~
tising laws. In those cases where such facters can
be so described and evaluated we have held, is noted,
that they pror 'rly may be inciuded in the bis evalua-
tion formula and, conversely, when chis cannot be doae
we have held that the bid evaluation formula sl.ould
not contain such factors. Por examples, sees 33 Comp.
Gen. 108 with respect to the factor »f prospactive
depreciation on automobiles; 35 Comp. Gen. 292 for
administrative expenses and iucerest ioncident Lo
progress payments; and 38 Comp. Gen. 747 for main-
tenance costs over a 30-year period.”
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The major conclusion to be drawn from this opinion is that
no legal objection is seen to considering logistics costs, in
addition to price, in accepting or rejecting bids:; provided
that only those factors {other than price) may be considered
which have been stated in the invitation with "sufficient clarity

and definiteness to enable bidders toc know precisely how the bids
will be evaluated.”

The clarity and definiteness required by the Comptroller
General may prove to be somewhat difficult to attain until ex-
perience has been gained in the use of logistics cost anaivses.
We belicve therefore that until the required proficieacy is

developed, their use should be confined to negotiated procure-
1
asnts.

In this connection, it is interesting to note that o the

~ .

$4.07 billion2 competed by rformal advertising during FY 1964,
$2.58 billion was for commodities which have no lcgistics cost

implications. The balance of $1.49 billion was included in the
$6.46 billion3 of items which would have been subject to analysis.

If logistics cost analysis had been confined tc negotiated pro-

curements, the $1.49 billion would naturally have been excluded
since it was obligated by formal advertising. Nevcrtheless,
over 75% of the "military end items and parts fo. such end

items" would have been candidates for analysis if the technique
had been available in 1964.

1Tho one éxception to this general conclusion relates to

consideration of service life in negotiated and advertiged
procurement of non-reparables and is covered in Section 1IV.

Zpxhibit 2.

dgxhibit 1.




ADE ation of Logistics Cost Analyses at the Subcontract
Jayal--In consideration of the millions of dollars spent by
prime contractors for equipments similar in nature to those
bought dirsctly by the Govermment and with which we are con-
cerned, attention has been given to the utility and practicability
of requiring logistics cost analyses of prime contractors in their
subcontracting decisions.

While such an idea seems appealing on the surface, particu-
larly in view of the emphasis being given to greater subcontract
competition, a closer examination of its implications reveals
its impracticability and indeed its needlessness.

Pirxst, if we are to consider subcontracts for production
quantities of equipment, we would perforce be imposing the re-
quirement for logistics cost analyses on production prime con-
tractors. That being so, the prime contracts are likely to be
firm-fixed-price, fixed-price-incentive and cost-plus-incentive-
fee types, in that order of preference.

We know of no way the Government can require a prime con-
tractor to award a subcontract, resulting from competition, on
the basis of logistics cost analysis without specifically re-
serving such right in the prime contract. The standard "changes"
clauses do not grant such right nor do clauses providing for
consent to subcontract or subcontract approvals. In the absence
of a unilateral right reserved to the Government, it is not
reasonable to expect contractors willingly to increase their
costs, thus reducing their profits, by carrying out logistics
cost analyses or by awarding subcontracts to other than the
lowest bidder in order to save the Govermment subsequent logis-
tics costs.
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It is possible, of course, for the Government to reserve
the right, by contract, to regquire its contractors to make logis-
tics cost analyses. Cesrtain disadvantages, however, Lecome im-
mediately apparent.

Pirst, the prime contract would be subject to an increase
in price to cover additional cost each time the analysis re-
flected an increase.

Second, the Govermment would bs required to participate in
the analysis since much of the logistics cost information must
come from the Govermment.

Third, whether the analysis were economically feasible in
each subcontracting decision would necessarily be a dacision of
the Goverrment since the cost of the analysis and any subsequent
cost of awarding to other than the lowest bidder would be borne
by the Government. )

In our opinion, a more practical method of dealing with
this problem is provided by the controls being imposed on prime
contractors by ANA Bulletin 445 and its proposed successor mili-
tary standard. We understand that contractors will not be allowed
to make changes in the end product, after formal configuraticn
controls have been imposed, it such changes, including changes
in subcontractors, adversely affect the interests of the Govern-
ment. While the interest of the Government is being broadly
interpreted, it is also being very explicitly defined. 1In de-
termining whether a change creates an adverse effact, the same
logistics costs considered in this study are considered in ap-
proving or disapproving the change.

A significant difference between requiring prime contractors
to make a logistics cost analyses on the one hand and relying on
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ANA Bullstin 445 on the other, clearly favors the latter. From
our viewpoint, the di’furence is requiring consideration of an
analysis in gyery subcontracting decision in the firast instance
and making an amalysis oply when a proposed change in subcon-
tractors vill affect the Governmsnt's interest in the second.
There can be a vast difference in cost between the two.

57
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Pas L G: _Alternatives to teoyistics Cost Analysis

Ef forts have becen made in this study to consider suitable
alternatives to logistics cost analysis which might be effec-
tive in minimigzing life cycle costs. Although relatively little
effort has been devoted to this aspect of the task, it is pos-

sible to report the following observations.

Detajled Specifications, Plans and Drawings--In theory.
the most effective alternative method for minimizing life cycle

costs is to use rigid, detailed specifications, plans, drawings
and bills of materials and to refrain from all changes except
those evaluated on a logistics cost basis. Although theorctically
this may be effective, most DoD technical personnel questioned
stated that the use of such data is neither prac icable nor
workable. This school of opinion holds that such rigidity would
tend to discourage advancements in techrology and improvements
in equipment. The theory is also advanced that prospective
bidders would be discouraged if they were¢ deprived of the op-
portunity to make design changes in order to take maximum ad-
vantage of their own peculiar manufacturing techniques, skills,
materials, vendors and facilities. Moreover, as we have seen,
so-called detailed production data do not assure receipt of
identical equipment nor do they preclude completely the need

for logistics cost analyses.

Our research has led us to conciude that heavy reliance on
performance specification stems largely from a lack of engineer-
ing manpower within the military services available to evaluate
the technical production data in their possession. Por this
reason, there is little confidence in the integrity of the data
for reprocurement purposes. As a consequence, parformance
specifications are made controlling even when detailed procure-
ment data are included in the contract.
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With the incressing emphasis being placed on design and

production data, project definition, rights-in-data and con-
figuration management, it is possible that a renaissance in the

use of detailed procurement data packages may be taking place.
Malistically, howevar, we believe that it will be quite some
time before confidence in detailed data is sufficient to serve
these needs. We have little hope for it as an early alternative.

Iailure Free WMarranty--Another alternative to logistics

cost analysis, or more properly, a partial alternative, has been
introduced to the DoD in recent months. It was conceived by the

Instrument Division of Lear Siegler, Incocporated and is called

*Pailure Pree Warranty."

According to Lear Siegler, Failure Free Warranty
*. . . places full financial responsicility for rel:-
abiiity performance throughout product iife squarely
on the contractor. It yrovides the maxinmum incentive
for constant value engireering and reliapility improve-
ment through the elimination of known and observed
failure mechanisms. Decisions with respect to trace-
offs between technical and logistics considerations
must be made and paid for by the contractor. a:ir

Porce support logistics for the product are nominal,

or eliminated entirely.

“Pailure Pree Warranty reprecents the l:st Dossibie
instrument for ensuring truly fair and cqual csmpe-
tition. All bidders must recognize and provide for
not only the production costs, bLuc for all costs as-
sociated with maintenance and support of th: prnduct
during its sarvice life. Irresponsible contractors,
who lack full confidence in their own capabilities
and in the integrity of their product, will tend to
sliminate themselves prior to the competitive process.

“In conclusion, we believe that, for certain prouucts,
Pailure Pree Warranty provides the best possible
guarantee of optimum reliability and operational ef-
2iciency. We can conclusively demonstrate that it
collaterally offers the Government an oppnrtunity for
meior cost savings and precise budgetary control.”
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The Pailure Free Warranty concept envisages a gusrantee by

contractors that their products will be free of all defects in

material and workmanship for a period of years or for a number

of hours of operation when properly installed and operated. De-

fects or failures occurring within the warranty period will be

repaired or replaced by the coriractor at no additional charge

to the customer upon receipt of verification. The Government

resident quality control inspector is to be the final authority

for repair responsibility.

The merits of thig concept, as seen by Lear Siegler are:

It provides an enforceable guarantee with
minimum exceptions

It provides for practical definitions of
failure criteria

It increases operational readiness due to
contractor incentives to reduce failure rates

It reduces cost for detection, isolation,
removal, transportation

It shortens pipelines by guaranteeing a
specific repair/turnaround period

It reduces logistics costs by

--gliminating need for spare parts procure-
ment or inventory

-~gliminating breakout problems

--eliminating repair depot tooling
facilities or personnel

--reducing data acquisition

e It guarantees budget control

Lear Siegler belisves that contractors will have to be
relieved of configuration management and engineering change
controls, except for form, fit and function if the failure free
warranty concept is to work. They also suggest that, at least
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initially the concept be applied only to sealed units which are
not to be broken open in service and that the procurements be

on a multi-year basis in order to provide sufficient gquantity
over which to spread the additiocnal costs which will be incurred.

Although it now appears that Failure Free Warranty may be
rather limited in its application, this limitation cannot be
satisfactozrily mesasured except by experimentation, which we
encourage.




P DTy

Numerous studies and reports have been reviewed and a sub-
stantial number of field investigations have been carried out in
the course of this project. It has become evident that past
studies have produced a consensus that the effect of competitinn
on logistics cost can be measured in varying degrees and considered
in evaluating bids. Our study has shown that reliability pre-
diction and measurement are well within the state-of-the-art.
Prediction techniques for maintainability are constantly im-
proving. Maintenance costs, being a function of the frequency
of repair and the cost per repair {(i.e., of reliability anad
maintainability), would thus seem to be surrendering to fore-
casting techniques. The study has likewise suggested ways of
computing other logistics costs.

That problems exist and, in some instances, information 1is
either deficient or totally lacking is acknowledged. Two major
inpediments have been discussed in some detail. The first im-
pediment, lack of an effective cost accounting system, is at
last receiving high-level attention. The issuance in August
1963 of DoD Instruction 7220.14, the purpose of which was to
prescribe a uniform cost classification structure for depot
maintenance, is a promising step towerd providing a cost systes
geared to the needs of logisticas wrInagers. DoD Instruction
7220.17 of August 1964, designed to provide uniform cost account-
ing for supply activities, represents a further effort to collect
costs useful in logistics mansgement.

71
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In Pebruary 1965 a planni g group was convened in the DobD
to review the entire subject of financial management. The group
was comprised o¢ representatives of the General Accounting Office,
Bureau of the Budget, OASD {(J&L), OASD (Comptroller), Army, Navy,
and Air Force. 1Its objective was to evaluate the desirability
and practicability nf adopting ar integrated, uniform accounting
system to serve all anagement needs of DoD as vwell as appropria-
tion, budget and all legal requirements. Thus this group consti-
tutes another practical demonstration of the concern over accounting

problems encountered at aimost every level of DoD management.

The secopd major impediment to the application of logistics
cost analysis relates to the difficulty of obtaining detailed
deaign information, including spares identification, from bid-
ders. While t:e problem is recognized, our study suggests that
bidders can supply such information with bids at little or no
increase in coat to the Government. It has been pointed out that
the two-step formal advertising technigque has established a pre-
cedent for obtaining specific design information prior to an

award.

In addition to the “~o major impediments, compartmentaliza-
tion of functional responsibilities within the military agencies,
separating those persons who must jointly carry out any logistics

cost analyses, has been noted as another obstacle.

In spite of the impediments, we believe there is a capa-
bility within the DoD to deal effectively with logistics costs
in the procurement decision process. Ways of considering and

meaguring such costs have been suggested.

As a consequence, it has been concluded that the time has

come to test, in actual procurements, the practicability of
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evaluating logistics costs. The guidelines outlined in this re-
port should be made a part of such tests. In order that the
tests include both examination of the cost and design information
impediments and quantification of logistics costs, they should

be restricted to non-commercial, reparable equipments.

For nop-xreparables. changes in suppliers do not usually
produce consequential changes in logistics costs. Service life

say vary significantly. however, among different bidders' non-
reparab.e equipments. Thus a fixed quautity of a non-reparable
purchased from one supplier may represent a different amount of
utility {(i.e., a different total number of units of service life)
from the same quantity purchased from other suppliers. The
Government's interest is not necessarily served best by select-
ing the lowest price per unit of equipment. To the contrary,
selecting the lowest price per unit of service life is to be
preferred. It appears then that, when service life in excess
of the minimum required is useful, variation in service life
should be a major factor, along with purchase price, in the
swaxd of contracts for non-reparables. Accordingly, it has been
concluded that such service life consideration should be given

prompt and comprehensive testing in actual procurements.

Recommendations

In line with the above conclusions regarding expediency of
testing (1) the practicability of evaluating logistics costs in
the procurement of non-commercial reparable equipments and (2)
award of contracts for non-reparable equipments on the basis of
lowest price per unit of service life, two recommendations are

presented:
l.




In implementing this recommendation three teams of individu-
als should be formed, one in each of the military services. Bach
team should he under the management of a test director and
menmbership should consist of representatives of Procurement,
Engineering (including Requirements), Maintenance, Supply
(Inventory Management) and Comptroller. In addition, Training
should be represented as needed. It is important that the
responsibilities assigned cach team member correspond to the

organizational function which he represents.

All tests should be under the general surveillance of an
08D Ad Hoc Connittee.l chaired by an individual reporting di-
rectly to the Assistant Secretary of Defense (I&L). This
committee's first responsibility should be to establish ground
rules for the tests. It should then refrain from active par-
ticipation, except for providing guidance when requested by the
individual teams. Finally, it should carry out a complete,
detailed anaslysis of each test. (All recommendations contained
herein relating to test procedures should be subject to the
committee's acceptance.)

»

The test director of each team should select from his own

military service a planned reprocurement of a non-commercial,

lThe DoD Planning Group for Spare Parts Pricing might

serve as an appropriate prototype for this Ad Hoc Committee.
PFor further information, see "Guide for Testing Application of
Price Catalogs in the Procu-»ment of Sole Source Replenishment
Spare Parts.” OASD (I&L) November, 1964.

e ot RO S
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repariable end item which, if possible, is open to competition
for the first time. After the selection has been made, each
team should apply the logic cutliined for use in Mode l.l Any
additional appropriate questions should be pursued. Successes,
difficulties and failures associated with each question should
be carefully recorded as should the means employed by the team
to secure information. Where vital information is lacking, it

should be so noted.

Should Mode 1 produce a decision to procure sole source or
to secure price competition (without logistics cost analysis),
a report of the decision should be prepared and forwarded to
the appropriate service representative on the 0SD Ad HBoc Com-
mittee. The test director should trhen select another procure-
ment to be subjected to the HMode . trocedure. This process
should be continued until the tear nas reached a Mode 1 verdict

to secure competition with .ogist:cs cost analysis.

The team should then proceec to the preparation of the RFP.
This report may serve as a guide :r. preparing the RFP. VWhen
proposals are received, the analys.s should be made as promptly

as possible.

In each instance, estimates of the cost of making the analy-
sis for each logistics cost categury must be carefully recorded.
Each team should then record as accurately as possible the .ctual
cost of the analysig., Bidders should be requosted to provide
information as to the.r cos:ts of developing and supplying details
of design anc spares requir..ants s well as all other additional

costs occasioned by t..& i0g.stics cost provisioas of the RPP,

1Paqa 48, supra.
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The cost of and time required for negotiating the final
contract should be recorded. Bidders' reactions and gcneral
attitudes regarding any aspect of the procurement should be
carefully noted.

Upon completion of each test, a complete analytical case
history should be prepared for study and evaluation. Each case
history should comprehensively report every facet of the test:
®.g., the problems encountered and all attempts at solution,
whether successful or not: recommendations for avoiding or
eliminating impediments:; standard costs used and how they were
developed: any additional cost categories or sub-categories
which should be included: and details considered pertinent to
an understanding of the test results.

Case histories should be analyzed by the 0SD Ad Hoc Committee

after which ensuing recommendations regarding additional studies
or implementation procedures should be made to the Assistant
Secretary of Defense (Installations and Logistics).

2. d tracts for n- le \ nt
1 t ce unit of se
est in tua ements .

- Accompl ishment of this recommendation should be independent
of Recosmendation 1. Not only does this recommendation pertain
to a separate class of equipments; it permits different imple-
menting organization and procedure, which should more readily
produce conclusive results. Purthermore, since it is so limited
in scops, the reasons previously qivcnl for confinement of the
study as a whole 0 negotiated procurements are not germane.
Hence, this recommendation allows ismsdiate application to for-

mal advertised procurements.

lvaqo 60, supra.




77

It is suggested that the Assistant Secretaries (Installa-
tions and Logistics) of the respective military services and
the Director of the Defense Supply Agency sach select a procuring
activity to serve as a test activity. we Head of the Procuring
Activity in each instance should take whatever aciion is appro-
priate, including appointment of a test directcs, to initiate
testing. The test director should apply the following procedure
in reprocurement of non-reparable equipments which have previously

been purchased to specifications stipulating minimum or fixed

service life.

Prior to release of an IFB or an RFP for a non-reparable
item, appropriate personnel should establish whether service
life in excess of the minimum required would be useful. If they
decide in the affirmative, they should further establish a
“ceiling, " above which additional service life does not nsces-
sarily constitute an advantage tc the Government. The contract
should then te awarded on the basis of the lowest quotient ob-
tained by dividing purchase price by service life. Any service
life amount used in such a calculation would necessarily be re-

stricted to the range defined by the minimum acceptable and the
ceiling.

Basad on the operational and environmental conditions and
the service life definition stated by the Government, each bid
(proposal) should be required to include the service life claimed
for the proposed equipment. The ensuing contract should specify
the service life upon which the award was predicated. Compliance
with this specificaticn presents the sam: problems as does com-
pliance with a minimum or fixed service life. Thus, it is es-
sential that demonstration procedures for service life be stated
explicitly and in detail in the IPB(RFP). These procedures
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should be of the same type as would be necessary to assure the
effectiveness of a minimum or fixed service life.

The tests should be continued until each test activity has
made twenty-five to fifty contract awards on the basis of lowest
price per unit of service life. The test director should then
coxplete his analysis of the results and prepare a test report
for the Bead of the Procuring Activity. This report should in-
clude, as an appendix, the service life portion of each IPB or
RPP in the test, the price/service life calculation performed
in evaluating each bid or proposal, and individual descriptions
of all problems encountered. The report should be sufficiently
coaprehensive tc enable the Head of the Procuring Activity,
after study and evaluation, to make recommendations regarding
full isplementation to the appropriate Assistant Secretary (I&L)
or the Director of DEA.

T g
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LXHIBIT 1

(in billions)

Total Procurement
from all U. 8. Firms

Less Missilc Systems

(Excluding Spare Parts
& Major Components)

Less Aircraft

(Bxcluding Spare Parts
& Major Components)

Less 8hips

(Bxcluding Spare Parts
& Major Components)

Less Ammunition

088 8ervices

iless: Subsistance
Textile, Clothing
and Equipage
Puels & Lubricants
Construction
Less than $10,000

$5.579

6.“7

2:237

1.480

.579

.262
.788
1.360

$26.221

3.368

$20.853

$14.623
J
$13.963

—3a000
$12.163

$ 6.464




(in billions)

(FY 1964)
Pormally Advertised
Begotiated
Total Competed
Less Ships Competed $1.05
(Excluding Spare.
Parts and Major
Components .08
Less:
Ammunition .298
Puels and Lubricants .720
Textilos, Clothing
and Bquipage .259
Subsistence . 560
Conatruction 1.250
Services . 902

3.989

$ 4.07

6‘96

$11.03

.97

$10.06

3.99

$ 6.07
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EXUIBI™ 3
SUPPORT COST CATEGORIES

CORRECTIVE AND PREVENTIVE MAINTENANCE
-=-Repair Parts
~=-Marn.power

~--Transportation

INVENTORY MANAGEMENT

--FPSN Identification and Assignment
--Continuing Management

TRAINING '

-=Maintcnance
Hardwarc

ManpowcCr
Training Aids

-=-Operational
Hardware

Manpower
Training Aids

INSPECTION, INSTALLATION ARD CHECK~-OUT
--Hardware

-=Manpower
TRANSPORTATION

DOCUMENTAT ION
~-Drawings
--Manuails
-~Parts Lists

~=Spocificat ion
OPERRAT ION

~=Nanpower
-=Oparating Expenses

L AR i




EXHIBIT 4

EQUIPMENTS EXAMINED

8hips Inertial Navigation System
M113Bl Armored Pull-Tracked Personnel Carrier

Beavy Bquipment Transporter

Truck-Tractor (25 Ton, €x6, M523E2
PSN 2320-226-5769)

Semi-Trailer (55 Ton, Low Bed, M524E2
FSN 2330-226-5770)

M48 Al Tank

Commercial BEngine (Diesel or CIE Puel) for the
Army's M39 Series 5-Ton Truck
Mack Model (ENDTL)
Cummins Model

Continental Model

Commercial Bngine for the Army 10-Ton Truck
Mack Model (ENDT T-864)
GM Model (8V-71)
Cummins Model (V8-300)

Truck (cargo} 2 1/2 Ton XM-410El

Truck (cargo) 2 1/2 Ton M-35
Truck (carqgo) S Ton XM-656
Truck (cargo) 5 Ton M-54

Air PForce TACAS Equipment (AN/ARN-21)
Surface Search Radar

Radar Nose Cone Assembly for F8U Aircraft
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Page 2

ARC-84 VHF Transceiver

ARC-52 UHF Transceiver

Re-usalile Metal Conta.ners for Jet Engines

ECV - 9M Power Supply (AGE)

PLAT (Pilot's Landing Aid, Television)

VHF Transmitter AN/GRT - 3 & 3A

Relay Armature

PRC-25 - Man Pack Radio

VRC-12 - Vehicular Radio

GRC-50 - Combat Area Microwave Transmitter/Receiver
GVR-10 Geocentric Vertical Reference Systen

Model 5103R Bombing and Acrtitude Reference System
AR/AJB-3A Attitude Reference and Bombing Computer Set
Model 4005 G Attitude Indicator

Model 5404G Indicator Amplifier

Model SB08E Bomb Relcasc Computer

Model 4060P Attitude Indicator

MD-1 Vertical Gyroscope

MC-1 Switching Rate Gyroscove

Model 1903A Rate Integrating Gyroscope

Model 2171% and 2171AB Gyroscopes

Navy Phase I1 VGI fystom
Dxaplaca-ont Gyroscope - PSN VQ6615-020-9327-VGCY
Attitude Indicator - PSN VQ6610-020-9328-VIDN
Attitude Indicator - FSN VH6610-061-7882-VJG3
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Rate Gyroscope -~ FSN V06615-855-3857-VGCZ
Shockmount
ARV-2B/A Attitude Indicator
MG-1A Central Air Data Computar
BCK-7/A24G Central Air Data Compensator
BCK-~8/A24G Central Air Data Converter
AVU-1/A24G-6 Mach-Airspeed Indicator
ASK-5/A24G-6 Mach-Airspeed Indicator Amplifier
AAV-1/A24G-7 Attitude-Vertical Speed Indicator
ASK~6/A24G-7 Attitude-Vertical Speed Indicator Amplifier
AF/A24J-]1 Horizontal Situvation Indicator
CPU-4/A Flight Director Computer
AF/A24G~1 Two Gyrc Control
AF/A24G-~1 Power Supply Amplifier
AF/A24G-1 Compass Adaptor
AF/A24G-1 Compass Controller
ECK-10/A24G~1 Third Gimbal Controller
ARV-2A/A Attitude Director Indicator
TRV-2/A Transmitter Rate Qyro

B ey A R ]



APPENRDIX

CORRECTIVE AND PREVENTIVE MAIRTERANCE COST

Pefinitiop - MIL-3TD-778 defines pajintenance as:

“"All actions necessary for retaining an item
in, or restoring it to a serviceable condi-
tion. Maintenance includes servicing, repair,
modification, modexrniszation, overhaul, in-
spection, and condition determination.”

The tera "maintenance cost™ will be used to refer to the cost
of labor and material consumed in performance of thaese actions.
At some points it will be useful te distinguish between correc-
tive and preventive maintenance. is defined in MIL-STD-778,
SQrrsctive maintepance is:

“"That maintenance performed to restore an
item to a satisfactory condition by providing
correction of a malfunction which has caused
degradation of the item below the specified
pezformance.”

Exsventiva maintenance is:
“Mhat maintenance performed tc retain an item
in satisfactory operational conditioen by

providing systematic inspection, detection
and prevention of incipient failure."”

aptibilit 5 Chapnae - There are

s _ 1

Magsscude. and Sw , :
approximately 950,000 persons directly engaged in DoD mainte-
nance activities. Of this total, 675,000 are military peraonnel,

183,000 are GS civiiians, and 90,000 are civilians on contract
with the Govexnment. At estimated costs of $6,00C per wmilitary

1lntinatos on magnitude of meintenance cost were obtained

from the Directorats for Maintenance Policy, GASD(IaL).




Appendix
Page 2
man-year and $10,210 per civilian man-year, the annual cost of

seintenance manpower is $6,837,750,000.

In the aggregate, the annual cost of maintenance manpower
has approximately equalled that of maintenance material over
the past few years. On that basis, the total cost of mainte-
nance manpower and material currently runs about $13.7 billion
anmually. This figure does not include the cost of non-
maintenance activities required to support maintenance {e.g.,
parts supply, maintenance training, and transportation of

material to and from maintenance activities).

The magnitude of maintenance cost is further indicated by
consideration of individual types of reparable equipment. In
every type reviewed, it was observed or reported that most
items had life cycle maintenance costs amounting to a large
percentage of their purchase prices. In the arca of clectrorics.
this percentage secemed particularly high. One report,1 for
example, listed military electronics equipment ss having annual
maintenance cost ranging from 60 to 1000 percent of its origi-
nal procurement cost. This report referred to Air Porce
studies indicating that apnuaj} maintenance cost of electronic
equipment varies from 3 to 29 times original equipment cost,
and to a BuShips article stating that active life mainctenance
cost of electronics equipment ranges from 7 to 100 tizes origi-
nal equipment cost. Another report2 investigated maintenance

18.!. Dertinger, PFunding Reliabill G
preparad by the Product Ascurancc uanager of the Bquipment
Division (Waltham, Massachusetts: Available from Mr. Dertinger,
The Raythecn Company) .

2H. Dean Voegtlen, The Cost of Unreliability to the Air Force

Ruring Qvexation and Maintenance. A reportepared by the Manager,
Product Bffectivenaess, Baliistics Systems Division of the Aero-
space Group, (Los Angeles: Available from Mr. Voegtlen, Hughes
Aircraft Company) .

PR S A— _ o
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cost on three Air Force equipments--a ground-based search radar,
a navigational aid, and a UHF communications equipmert. The
ratio of annual maintenance manpower and material cost to origi-
nal equipment cost was 0.6 for the radar, 12 for the navigational

aid, and 6 for the communications eguipment.

Maintenance cost is, therefore, a very prominent part cf
total logistics cost and very significant relative to purchase
price for most reparable items. In addition, experience has
made it clear that the frequency and cost of maintenance actions
can vary significantly among different suppliers' equipments
produced to essentially the same specification. Such variance
naturally increases as the specification becomes less detailed.
It is widely recognized as being present in procurements based
on performence (form, fit and function) specifications. Pro-
ject fieldwork revealed that it is also a factor in large numbers
of procurements, the specifications of which are rererred to
as detailed.

Procurements cannot be meaningfully grouped into the two
categories, performance and detailed. A large percentage do
not fall cleanly into either class. Often drawings are used
which only partially detail the item to be purchased. Many
times, for example, they impose envelope and performance re-
strictions on subassemblies but do not spell out their internal
makeup. Design changes are permitted and can cause changes in
maintenance cost of the equipment. Therefore, it cannot be
inferred from mere use of the term "detailed specificatior™ in

a procurement that a maintenance cost calculation is unneces-
Sary.

A primary reason why maintenance cost among different sup-
pliers' equipments (made to the same specification) can vary
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significantly is that it is not uncommon for frequency of cor-
rective maintenance actions requircd on an equipment to 3differ
very substantially among the various bidders' versions. While
most cost-influencing factors tend to change in relatively srall
increments, it is not rare for failure frequency to undergo an
order of magnitude change. In the course of the project, numerous
cases have been reviewed in which the failure fieguency of one
supplier's equipment was several times that of another supplier's.

The sensitivity to changes in supplier, combined with the
amount of money involved, makes maintenance cost the most im-

portant logistics cost category to consider in the procurement
decision process.

Belationship to Total Cost - To esamine the way in
which changes affecting maintenance cost influence total cost
(purchase price plus total support and operating costs), it 1s
convenient to employ a simplified model. Suppose we let:

I = unit initial cost of the cnd item, including purchase
price, transportation, support equipment, initial
training, documentation, PSN introduction, initial

filling of the parts pipeline (to provide for saiate-
nance turnaround time only), and buying costs.

L = gervice life of the end item.
= pean time between failures (MTBP) for the i-th part.

cic' mean cost of a corrective maintenance action re~-
sulting from failure of the i-th part.

M, = mean time between preventive maintenmance actions on
the 1~-th part.

C, = mean cost of a preventive maintenance action on the
i-th part.

n = number of parts in the end item.
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T = total cost of the end item over its service life.

Then,
“‘i'; - 1) cip'

n . n
Terelee - cic o ¥
i=
The model is simplified because it neglects operating costs as

i=]1

well as continuing support costs other than those for mainte-
nance material and labor. S8Such exclusion it not critical,
however, because the purpose of the mocel is to exhibit the

shapge in total cost induced by changes in "ic‘ cic' uip' and

cip: and these eloments will generully not produce differences
of any magnitude in the costs omitted.

The model can be further s'aplificd without hampering its
purpose. If we let

M = mcan time betweun consecutive maintenance actions

(not necessari’y of the same type or relating to
the same part):

C = mean cost of a maintanance action (of any type, re-
lating to any part):

and I, L, and T be the same as befcore:

then the equation becomes

r-x+i+-1) c. (1)
Next, let us consider changes in frequency of maintenance.
cost of a maintenance action, and initial cost, resulting
possibly in a change in total cost. We may represent these
changes by AN, AC. AI. and AT, respectively: and the result-
ing equation is

"A,-I’Ax*li&ﬁ -1’ (C+p0). (2)

To solve for the change in total cocet we subtract eguation
(1) from equation (2) yielding:
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A‘r-ou(,,-kﬁ - 1) (C+aC) -(k - 1) c

'M*W-C-M-w'o»c

= a1-gce MR ANC)

That portion of the total cost change resulting directly from
changes in frequency and cost of maintenance actions will be
designated by'A?; and equals:

- oc + LAl

The purpose of our logistics cost analysis is, of course, to see
whether -Ar. is greater or less than AI. The net change is to
the advantage of the Government only if -A!; is greater than Al:

1.e., if
ac - ANl 5 ar.

Suppose the Government 1s procuring a quantity item whose
estimated service l.fe (L) is 5000 hourxs. Supplier A's version
is evaiuated as having a mean time between maintenance actions
(X) of 20 hours and mean cost of a maintenance action (C) of
$30. Supplier B's version is evaluated as allowing 20 additiocnal
hours between maintenance actions (AM)., but an additional cost
per maintenance action (4C) of $5. Then

"A,. =+~ + 5
= +505.
This calculation tells us that it is to the economic advantage
of the Govermment to buy supplier A's product guly if its unit
initial cost is at least $505 less than supplier B's product.
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Suppose the circumstances of the procurament were the same
except that supplier B's version had a mean time between mainte-

nance actions greater than supplier A's by 6 hours instead of 20
hours. Then

9 - [ J
~4T = 45 - 50 ?so"éz“')'&'o 200

= -95.

This resuit means that it is to the economic advantage of the

Government to buy supplier A s product ynless its unit initial

cost is at least $95 more than supplier B's.
{
Figure 1 uses the relationship T- = ‘:' - 1} C, where Ty

1s total maintenance cost, to illustrate the varying sensi-
tivity of maintenance cost to changes in mean time between
maintenance actions (M) for different levels of M. Hypotheti-

cal service life of 5000 hours is used in the example.

Elcments of Maintenance Cost--A large number of elements
influence the maintenance cost of an cquipment and, thercfore
must be known in order to calculate it in advance. The major
elements will be listed here. Brief comments will be made

regarding the source of required information regarding each ele-
ment .

Gperating Envizonment - The range of conditions in
which the equipment sust operate within specifications pre-
scribed must be stated clearly by the Government in the RFP.

If demonstration of the equipment's maintenance characteristics
is required, test conditions must be stated precisely. 8Such
statenent is necessary whether the test is physical or simulat-d.
and whether the test environment is artificial or resl.
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Pigqure 1: SENSITIVITY OF MAINTENANCE COST

-~ Tm = Total Maintenance Cost ‘(& -1l1cC

L = Service Life = 5000 hours
M = Mean Time Between Maintearance Actions (hours)
C = Average Cost of a Maintenance Action ($)

! !

b .

) 5500 | % | 180 | 360_‘* 540 720 | 966
- 400 g 115 230 . 460 €90 | 920 1,150 z

300 || 156 312 | 624 936 1,248 1,560

200 240! 480 ! 960 ¢ 1,440 ; 1,920 2,400

2,940 3,920 = 4,900
5.940 . 7,920  9,90C

11,940 | 15,920 19,900 |

c=60 C=8 C =100

é
|
§
|
c

AR S

{
T. = Total Maintenance Cost =(ﬁ -1) C

$3000 < L= Service Life= 5000 hours

M= Mean Time Between Malintenance
Actions (hours)

C= Average Cost of a Maintenance

$4000 - Action (§)

$1000 -ﬁ

oy S il R RO S S e e e
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BEquipment Desgign - As was pointed out 1n “Design In-
formation Impediments,” the procurement situations being con-
tidered are those which allow discretion to the bidders in
design of their equipments. Estimation of maintenance Cost,
like several other logistics costs previously discussed, pre-
supposes availability of detailed design informatior--not t< the
point of parts identification by number and supplicr, but to a
far greater extent than is the current practice. Such inforra-

tion can only be supplied by the bidders.

Sexvice Life - The equipment specification should
establish a minimum acceptable service life. which may be stated
in such terms as ;onths. operating hours, or miles. The govern-
ment may also stipulate the maximum service life allowable for
use in calculating maintenance cost. Such a maximum will general-
ly be desirable, because the need for most equipments 18 not
forecast to extend for an unlimited Gurstion. If the minicum
and maximum figures are not the same, each hidder must state at
vhat point within the allowable range the service life of his
equipment falls. His preventive maintenance plan and reliabiiity
evaluation (to be discussed) must naturally be consistent wi.T
the service life stated.

Parta Failuke Rates - The government must expleirn in
the RPP how failure rates are to be obtained for use .n any
estimation of maintenance cost. The government must assuce
this responsibility no matter which party perforns the failure
frequency calculations. Many possibilities exist as data sources:
e.g.. standerd feilure rate tabies, standard prediction techn.iques,
actual data from past experience. special testing. and contrac-
tor warranty figures. Failure rates will be treated in greater
detail under “Reliability.®
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Parts Costs - Unit -costs of maintecnance material are
an important factor in comput:ng maintenance cost. 7Two key
sources for unit costs of parts 2re the bidders' proposed prices
for initial spares, and parts catalogs. The sc¢curing of parts
information with the bid is discussed elsewhere in the report.
Whenever practical, it is desirable to avoid detailed treatment
of parts cost lw using cost standards, such as average material
cost of a repair or the overcil ratio of material cost to labor
cost. Variance of such factors among items 18 SO0 great, however,
and factors valid for individual items are so difficult to ob-
tain., that unit parts costs (to be used with frequencies of need)
will often be the most appropriate approach.

§kills - The Government should i1ndicate in the RFP. as
part of the maintenance pian, those skill levels which the bid-
ders may assume to be available for maintenance of the equipment.
Any sadditional or special skill requirements must be identified
by the bidder. The government should estimate thc increase in
cost (@.g., training or transportation cost) imposed by these
requizements. (Costing of this sort 1s covered under other cate-
gories in this report.) The cost increase should be added %o

the bidder‘'s end itee price in evcluation of his proposal.

Maintsnance Maghours - The Government must describe
An the RFP any techniques or proced.res which are to be used 1n
establishing the maintenance manpowe:r demands of the equipment.
It must state precisely the extent to which the bidders must
- furnish design information with their bids., as well as those parts
of the sanpower evaluations they will be expccted to participste
in. Any standard factors to be employed must be identified by
the Guvernment. On occesion (especielly for commercizl 1tens)
the Government nly»ioquxrn that senmple equipments be made available




Append:x
Page 11

for physical test prior to contract award. Maintenance mANPOWEr
requirement prediction will be discussed more tully under

“Maintainability.*

r Cost tey; - The Government must specifs thre
mANPpOWer Cost rates to be used i1n any caiculaticn of maint :nance
Cost. except for maintenance manpower tc pe scppiied by the con-
tractor. Extent of contractur maintenance should te clearly
de“ined by the combination of government specificatior. ana con-
tracu r bid, and the price of manpower for such matatenance should
be requi -ed as part of the bid. For government manpower, it wiil
Sometimes be satiafactory to use ccst standards for categories
Oof repair, service and overhaul on a "per jou"” basis, rather
than applying hourly rates to estimates of manhours required.
"Per job" stardards, where data are available to support them,
will substantially simplify the maintenance cost calculation.
Total cost of manpower for maintenance should naturally be con-

sldered in evaluation of bids.

Freventi ' #daintenance Plar - Each bidder must be re-
quired to provide a procram of preventive maintenance actions,
consistent with the Government’'s maintenance plan, upon whach

, H
the maintenance and performance ciaims in .3s bid are based.

- The Governnent should

indicate 1n the RFP, as part of the maintenance plan, the level

ot tooling and faxtures which the bLidders rmay assume 1s avalla-
ble for maintenance of the equipncnt. Any additional or special
Tequirements must be identificd Ly tre biddess. They should be
required to quote onh special tooling and fixtures. and the praces
80 obtained should be added to their end item prices in evaluation

of their proposals.

1'l'hu program should be written into the contract as de-
fining adequate preventive saintenance for the equiprent.
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Transportation Cost - If the combiration of unit ship-
ping rate, discance to repair, service, or overhaul facilities,
and prcbable frequency of need for these facilities is such that
maintenance transpnrtation cost is likely to ke substantial and
vary significantly among the bidders, such cost should be con-
sidered in bid 2valuation. The Governwent shoulé make the cal-
culations, using transportstion cosi stardards. Inputs from
sever2l other parts of the logistics cost analysis will be essan-~
tial. The maintenance 2ad operating plans ststed in the RFP?
must be sufficiently well-~defined to indicate what distances will
be involved. Inputs on failure rates and the preventive mainte-
nance schedulz have already been mentioned. The bidders must
supply minimum shipping weights, dimensions, and réQuireaents
for packaging and otner preparations with their bids. &ince
these data are frequently necessary for computing cost of trans-
portation from place of production to place of initial storage
or use, their need for calculation of maintenance cost may not

constitute an additional inforsation resjuirement on the bidders.

Administyative, cupply, apd Training GQverhead ~ Since
major parts of the administrative, supply. and training funcégcns
are for support of maintenance activities, these functions are
often treated partly as maintenance overhead coats. In logistics
cost analysis for procurement, however, we are interested in
cost differences among equipments of different suppliers.
Applying an overhead rate to some base would infer that the costs
covered by that rate vary in direct proportion to the base. Fox
item by item analyses, we can find no base in maintenance for
which such treatment can be justified. Therefore, supply and
training costs for support of maintenance are covered more

directly under the Inventory Management and Training (Msintenance

(kv
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and Operational) categoriea, respectively. Administrative costs
of maintenance (consisting primarily of the locsi clerical func-
tiong required) vary with tha nuaber of maintenance transactions
rather than .ith such factors as the manpower cost of repair or
the purchase price. If administrative cost differences among
different suprliers’ products are iikely to be significant, they
should be computed thiough use 3% Joverrment cost atandards, on
a "per repair” or “per waintenance action® basis. Pailure rates
and possibly the ptevent;Ué maintenance schedule are prerequisite
dasta.

cost of Maintenance Downtime - In sddition to the man-
povier and material costs of service, repair, overhaul, and
replacement cof equipasnt. asintenance involves equipment down-
Yime-~perfaps only for the item repaired, but perhaps for a
iarger eguipment of which tee item in guextion is a subsssembly
or vart. A value may be é#signeﬁ to the readiness (ox lack
thereof) of the equipment during sd;ﬁ time. Cost of downtinge
will be discuasad brielly under “Availabiiity.” but this pro-
ject does not undertake to deal with methods for establishing
the vaiuz of having the equipment ™up,”’ or, conversely, for

assigning a cost to having the equipment “*down.”

From tnhe above list of maintenance cost elements, it can
be yveen that the two most complicated questions to answer in
estimation of maintenance cost avre: (1) How frequently will
tha Various maintenance actions be required? and (2) How long
will the various weintenance actions take, and how much man~-
power will they consume? Por meaningful consideration of
logistics costs in procuresment. we must be able tu answer these
during the bid evaluation process and prior to actual field ex-
perience with the equipment. The methods for handling the
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questions must be rigorously established in any procurement by
the time the RFP is released. Techniques and measures employed

must be objective.

The first question will be considered under "Reliabilaty”;

the second will be addressed under “Maintainability.”
Reliabiljity--

Definition and Introducrion - MIL-STD-7214 defines
reiiability as: “The probakiriity that materiel will perform its

intended function for a specificd pecriod under stated conditions.”
Thus the three factors to Le¢ considerced in reliabil:ity acter-
mination are the end item's functional requirements, a duration
of time in which thesc requirementis will not be violated, and
the probability that such achievement can be anticipated. It

18 not necessary for our purposes to treat all three factors as
independent variables. We can assume functional requirements as
fixed. We can also select a specific probability level at which
all bidders’' products will pe evaluated. Then wc neecd only to
measure the time period during which the equipment will, with
the stated probability, mcet 1ts functional requirements. Fer
convenience of explanaticn, we snall tend to usc the fifty per-
cent pzobagfi;ty level and speakx 1n terms cof mean time between
failure (MTBF} and mean time betwien maintenance actions (MTBM).

Other probability levels can conveniently be used in practice.

It is important to note that the term “reliab:litvy” 1s
ugsed in the sense of jnherent reliability of the equipment.
Manufacturing errors, human errors in operation, handling damage,
and other such problems which dc not arise from the equipment
itself are not included in our definition. Quality control in
manufacturing is likewise not included in our discussion. It is

covered separately by specifications and inspectiocn procedures.




Appendix
Pagce 15

No exclusions are made, however, regarding failures reguiir-
ing certain levels of corrective maintenance. Wnerever possikle
and significant, repalirs to be rendercd locally arc considered
as well as those necessitatin: work which must be periormeé ny
more specialized, better equipped, often remote maintenance or-

canizations, both government and contractor.

Faiiures fall generally into three catecor:ies, initial,
wearout, and rardom. Initial failures are thoese ar:ising be-
cause the equipment was not right to begin with. Wceargut fazlures
are those whose occurrence can be predicted fairly accurately
vecause the variance about the mean time of occurrence is small.
Thus, wearout failures can coften De anticipated and prevented by
schcduled maintenance replacements or overhauls. Random fa:iures
afe€ thase w»nich cannot be predictad with sufficient accuracv to
¢ economicaily eliminated by preventive maintenance. Inmatiai
and wearout failures which occur so 1nfrequently that their
battelns are not recognized are treated as random. The assunp-
tion of rarndomness can often e justified by the heterogene:yty

0f the failures included in the random category.

Reliapiliity evaluation ior the purpose of maintenance cost
estimation will be considered for each of the three failure tyres.
The state-nf-~the-art will be 1ndicated primarily by brief cdescrip-

tons of a3 few of the differcnt types of techniques available.

injtial Fariurce - initial :ariures inclucde those cases
in which the item does not perform adequately from the start, as
well as cases Of early failure in which it is indicated that the
item had not been satisfactory from the beginnirng. Such faiiures
are most apt to happen with items from the first part of a pro-

duction run, especially with a new supplier, whcn the production
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will be repeated in the procurement at hand., the past records
of the bidders should more appropriately be considered in the
evaluation of their technical qualifications as a part of source

selection.

Initial failures cannot be anticipated on individual 1tems.

They can be predicted only in total. Therefore, maintenance
cost calculations should attempt to disregard early failures
which can be eliminated (cxcept when debugging expense or usc
of learning curves is justified} and should treat othets as
random. They could theoretically be treated as random at spe-
cial rates for the ear.y period of use, but separate failure
rates for that period are not likely to be available. Thus we
shall be concerned with random and wearout failures much more

than with initial failures.

Random Fajlure - If a certain type of failure of an
equipment has random occurrence, we cannot predict when it wiil
happen. 8uch a failure has very low probability of occurrence
in any specific small period of its life. This 1s not to say,
though, that we have no knowledge of what the failure exper:erce
will be. We are very likcly to have a good estimate of the mcan
rate of the failure. This rate will not enable us to say with
confidence at what éoints in the life of the equipment such
failure may be expected, but it will permit us to calculate fair-
ly accurately, for a long period or for many end Ltems, the
total number of failures that will occur. Bven when the end
items are few and the time period abbreviated, the involvewent
of many different types of random failures will permit failure
calculation which has a high probability of being close to the
actusl number of failures in total. Random failures can occur

in almost every type of equipment, but are highly predoainant in
electronic items.
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MIL-STD-756A presents a generalized reliability prediction
Procedure based on the premise that end item failure charac-
teristics can be inferred from part failure experience. The
standard desis with drawing a reliability block diagram, de-
veloping equations representing reliability of the various
blocks and of the total product, stating assumptions and sim-
pPlifications, listing parts for each block, obtaining failure
rates, adjusting failure rates by government-specified environ-
mental factors, calculating block reliability, and calculating
product reliability.

This approach comprises the Part Pailure Method. It is
a4 very convenient and appropriate method when design informa-
tion can be obtained and when part failure rates can be con-
sidered constant over time. Then the exponential distribution
may be used and combination of probabilities is simple. When
part failures are not constant over time, the method becomes
more complicated but is often still practical. It msay be satis-
factory to treat the failure rates as constant over discrete
subperiods so that the difficulties of combining chznging rates
are minimized.

RIL-STD-756A specifies MIL-HDBK-217 as the data source for
failure rates of electronic parts and requires substantiation
of all rates not obtainable from this handbook. The standard
lists specific multipliers for adjusting failure rates accord-

i
ing to environment.

Another approach to reliability prediction is the Active
Element Group (ABG) concept. This concept is of particular
interest because it does not assume finely detailed knowledge
of the hardware under consideration. MNAVWEPS 00-65-502 pre-
sents a procedure for use of the ABG concept when insufficient
data can be obtained for employment of the Part Failure Method.




Appendix
Page 19

The ABG was seclected as the smallest functional block that
could bc considered short of tying-in to specific parts and
fine detalls of design. An active cicmept 1s dcfined to be a
device which controls or converts energy. An AEG consists of
Jne active element and a number of passive elements which per-
form a specific function. Transistors, clectron tubes, com-~
bustion chambers, and pumps are example:s of active elements.
Two examples (from NAVWEPS 00-65-502) of AEG s are: (1) a transis-
tor and several resistors and capacitors: (2) a relay. 1its

solenoid, and from two to ten circuit contacts.

Plots of the number of AEG's in various cquipments against
MTBF's calculated by the method of MIL-STD-756A with failure
rates from MIL-HDBK 217 have indicated gcod correlation. For
many clectronic equipments graphs are avaiiabie {rom whach
(eather darectly or through equations of the exhibited relation-
ships) ABG counts or estimates can be converted to MTBI estimatcs.
With assumption of exponential failure distributions., the MTBF's
can be¢ convertead into failure rates or probabilities of failure-

free operation for specific lengths of time.

The ABG procedure of NAVWEPS 00-65-502 employs reliability
block diagrams and mathematical models, but does not require
that these be so detailed as those in the Part Failure Method.
The diagrams and models are structured so that reliability es-
timates can be attained for each functional block as well as
for the equipment as a wholie. In contrast to the Part Failure
Mcthod, the ABG approach leaves to the option of the v.cr the
Gegrec to which (if at all) the evaluation will exicnu velow
the block level. Such design features as application of re-
dundancy or unique devices at the lower levels could, however,
make 1t highly advisable to undertake more than the minisua
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analysis in particular cases. Significant differences 1n repair
costs for different type failures of the same functional block

could also force added detail into the calculation.

The ABG approaclh. shows considerable promise, but many more
correlation studies are needed to find the range of equipments
over which 1ts results are sufficiently accurate. Its unique
feature of providing reliability estimates without minutely de-
tailed design data 1s encouraging, but will be of little value
for our purposes unless the otier parts of a logistics ccet

ana.iysis can also be maade without this detasl.

The RADC Reliability Notebook is arother valuable source
of i1nformation. It is composed primarily of parts reliability
factors which may be used in application of the Part Failure
Method. but alsc contains sections on the mathematics of reiia-
bility prediction, testing for reliability, and reliability
factors in design. The Notebook adds to the sophistication of
the Part Failure Method by including allowance for the effect of
stress factors on the failure rate of each par: coasidered.
Supporting parts failure rates are presented as functions of
electrical and thermal stresses. according more realism to the

input and the model cof the reliabiiity evaluation.

Another prediction technique described by thc RADC Relia-
bility Nctebuok 18 the BuShips Procedure. which cmploys a
“severaty of application” index i1n evaluating clectronic cqulip-
acnt. Varicus severity categories arc defined, pascd on the
ratios of voultage and current to rated values, and the ratio of
power dissipation to rated value. Severity ratings and numbers
of applications ¢f the different type parts permit selection

of the numbers of failures per 5000 operating hours from a sect
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of curves developed by the Vitic Ccrporation of America. For
each type part. the number of faiiures so obtained 1s multipliied
by an empirical factor of 1.2 for adjustments and mechanical

farlures. The resuiting figure 138 divided into 5000 to getr the
M7TBF .

The simplest reilapility prediction technique 1s the Parts
Count Method. Its use presuamcs knowledge of zquipment design.
Averagyc tailure rates for classes of parts, such as transistors,
switches, transformers andé coils, or blowers anc motors, are
multiplied by the numbers of applications: and then the results
are added to get the end item failure rate, the reciprocal of
which 15 the MTBF. This metliod does not produce as accurate an
MTBF as thc aore detarled procedurcs, but i1t 18 very likely to
provide a good estimate of the relationship among the relia-
bilities of equipments of the same type., and 1t 13 1nexpensive
to appiy. Average failure rates for such a method may also be

found i1n the RADC Reliability Notebook.

MIL-HDBK 217 has already been mentioned as a source of
parts failure rates and is probably the most widely used docu-
ment for this purpose. although many others have been develcped
by various contraciors and arz successfully uscd 1n cquapment
design. The iHandpook has considcerakle overiap with the RADC
Reliability Notcbook and 18 bascd exclusively on the Pa:t Failure
Method. as i1s clearly indicated Ly :1ts cpening statements:

“After all othu. factors are taken
into account, and after the best experience
of the designer has been brought into
play, the ultimate reliability of com-
plex electronic equipment depends upon

the reliability of the parts built into
that equipment.
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in estimating maintenancz ccst. The nced for specific wearout
repairs and replacements can be anticipated at definmite inter-
vals in an equipment's life, provided the operating corditions
are known. Thus these ma:ntenance actions canh e regarded as
scheduled actions i1n establishment of a ma.ntenance cost esti-
mate. Many of the act:ons w:iil, 1n fact, be perforned on a
scheduled basis, for the predictability of L.¢.: newd citen
aakes it economically advantageous to perfars them uccording
to & fixec plan rather than on an unsched.led basis ag they
arise.

Wearout failures a2re prevalent in mechsnical items. They
are dependent primarily on the design of the equipment. the

properties of the materials usca, and the operating conditions.

There are six key wearout failure types. Stx¢s
results simply from constant conditions of load and temparature
over a period of time. (QOIiosiQn 18 de~erirration of metal by
chemical or electrochenical acrion. Fatigug 1s caused by re-
peated or fluctuating stress less than the tensiie atrength.
IERact results from sudden appiicution of a moving load. Thermal
Laliliuie s deterioration by meiting, vaporization, decomposition,
and welding as a resuilt of nigh tesperatures. Fiaally. wgal
is the remcval of materia. from a solid surface caused by me-
chanical action. The wearcut faiiure type regardnd as the most
important in mechanical and vlectromechanical equipaents is wear.
In fact, the ma)or problem may be stated in a nairowar sense as
fatidie Welkl., @ sub-category cf Qatr chnractetx:eﬁ by repeated
losding and unloading contributing heavily to *he fnilure rate.

Part failure rates are available for items fron many
sources, and are generally given in terms of type cf material,

type of contact, and load conditions.
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For many of the tailere ratcs prcacnted by MIL-HOBK 217,
adjustment facters are also given. These are tascd in most
casces upern such elements as ohmic or capacitance value. ty
of insulation, or part ratiag. For reiays and switches, how-
ever, the adjustment facturs provided depend upon manufacturer,

CesLYNEr, ana user.

It can be secn free the alove accuunt that reliability
pregiction for randomly fa:iing items is highly developed.
Additional rcsearch is expevted to be very helpiui. vipecially
in combination of failire rates, oot the tocis at hand ere su’-
ficient to support wcaningfui and ¢ffective reilsblilty evaiuatiorn.

1 Lidoers can be expected to know the basic designs of
thelsr &juaipments, lhey Can e expected to carry out reilabiiity
evaluations according to wel.-defined, estabiishcd procedures.
Such procedures can be stipulated in the RFP  and the reliabil:i-
ty evaluations can cifectively be audited by the Government .

the process of select:ns the successful badder.

wehLout Fallusig - Since wearout fai.ures are by det.~
nition those whose occurrence can be predicted on spe¢i£‘c
itexs (i.¢., those having small variaance about ihieii Tedn tioe

of occurzence), they are handled differently froc random fail.res
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Tests of short duration are sometimes feasible for failure
rate establishment because wzar can usually be measured. Mea-
surements of wWear over a short period can be extrapolated to
determine the point in time when replacement or repair would
be necessary. For determining failure rates, extrapolation
from short term tests under normal ccnditions is generally more
accurate than accelerated tests to failure under artificially
severe conditicns. Block diagrams and equaticns for combination

1

of rates arc essential features of a wearout analysis,” just

as they are in the case of random failure.

Prom the wearout analysis .t can be established that cer-
tain maintenance actions must be performed no later than at
certain times. These times can be fixed and the failures eliami-
nated from further consideration. Por many anticipated failures,
it is desirable to schedule the repair or replacement considera-
bly ia advance, to tazke acvantage of the economy which may
result from substitution of one larger maintenance action for

two or more smaller ones.

The Government may reqguire wearout failures to be evaluated
by the contractoer in accordance with an established procedure.
It is prabably most practica: to require the result in the form
of a schedule of repairs anc repiacerents for items having wear-
out characteristics. Requirements for all such evaluations
must be clearly defined in the RFP ané the techniques and

procedures must be made subject to government audit.

In some cases, it may be practical and useful for the

Government to require sample equipments for physical testing

lRADC-TDR-64-50 15 an cxample of a document containing

both wearout failure rates and prediction techniques.
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#s part of the bid evaluation process. Such testing would e
rost likely for commercial items. When physical tests are
employed, the methods of testing must still be clearly explained

in the RFP.

Vexrificetion - Verification of the bidders' conform=
ance with reliability analysis requirements for bid evaluat:ion
should not be confused with Gemonstration that the delivered
equipment meets i1ts technical cpecifications. They are inde-
pendent and for separate purﬁséés. Conformance with reliabili-
ty evaluation requirements stated in the RFP simply entaiis the
bidders' carrying out thé evaluations in precisely the way the
Government stipulated and including reports oi the evaluations
with their bids. It does not iampose additional conditions on
the equipment delivired, except as information presented with
the bids 1s written into theé contract,l Verification should be
accomplished through government auait of the reliability re-

ports accompanying the bads.

Maintainabilicy--
Definitions and Introducticp - MIL-STD-778 defines
maintaipapbility as:

“a characteristic of design and instal-
lation which is expressed as the proba-
bility that an item will ccnform tO
gspecified conditions within a gliven
period of time when maintenance act Jn
i1s performed 1n accordance Witn pre-
scribed procedures and resources.”

llncorporatlon cf such data in the reliability specifi-
cation of the contract is virtually useless unless coupled with
valid demcnstration procedurcs. Such prccedures, since they
have to do with the contract rather than the bic evaluation
process. are nct covered by this repurt. Adcguate demopstration
techniques are avallable, however, and arc generally economically
feasible provided the specified probability level of the tests
is within reason.
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Maintenance procedurss are: “Established methods for periodic
checking and servicing items to prevent failure, or to effect

a repair.” Maintenance resources are described as: "Facilities,
ground support equipment, manpower, spares, consumables, and
funds available to maintain and support an item in its opera-

tional envirounment.*

As in the case of reliability, it is not necessary that we
emphasize the probability part of the definition. We may fix
the probability (for convenience at fifty per cent), assume the
specified conditions are known, and attempt to estakblish the

maintenance actions required.

A\ntenance task 1s defined by MIL-STD-778 as: “Any ac-
tion or actions required to precliucde the occurrence of a mal-
function or restore an equipment to satisfactory overating
condition.® Maintcnance tasks to be performed and their fre-
quency are provided by the failure identificaticn and MTBF
techniques of reliability anaiysis. Parts requiremcnts over
time also result from the reliability analysis when parts fail-
ure rates are employed. When less detailed reliability techaniques
are used, a standard materiai cost of repair will probably have
to be prescribed by the Goverrment. This standard could be the
average historical material cost of a repair for the type equip-~
ment in question. a fixed percentsge of the cost of the func-
ticnal block failing, or another figure of this nature. Special
tooling, facilities, and support equipment must be specified by
the bidders, after the Government has stated, in the mainte-
nance pian, the level of such DoD resources which can be assumed
available.

We are then left with the problem of establishing time
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and manpower for Carrying out tne maintenance tasks. From these

and the above informaticn, maintenance cost can be estimated._

There are eight key elements in maintenance task perform-
ance. Maintenance cost evaiuation should be capable of covering
all of them. although nct all eight occur on every task. The

elements are:

® preparation, Gisassembly, and assembly
fault diagrosis and localigation
Securing material

favlt correction (repair or replacement)
¢leaning ané iubricatiop

lustaent ealignment libratior

checkout or finai test

Pfcparation Of reports

When maintenance time is measured or estimated for a task,
orly six of these elements--all except gecuring material and

1NG re ts--shouid e included. Government standards

should be made available for the excluded elements.

Predicrion Techniques - The simpiest way to obtain a

Prediction of the man-hours required for gorrective malntenance
15 to calculate, from histcrical data on similar equipaents,

the average man-hours per repair. This average can then be
multiplied by the number of predicted failures (obtained from
the reliability evaluation) over the expected service life of
the equipment. An analagous procedure can be followed for pre-
¥Yentive maintenance actions, but it will usually be advantageous
to distinguish overhauis from other preventive actions because
of the large difference in cost. The average man-hours per
Rreventive action, exclusive of overhauls. can be multiplied by
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the forecast number of such actions; and a corresponding multi-
plication can ﬁe performed for overhauis. This type of simple
calculation (which we shali cali Methcd I) is advisable when

the manpower coust of a maintenance action is not likely tc vary,
but substancial differences are expected in the reliabilities

of the items evaluated. If man-hours per maintenance action are
iikely to be sigrificantiy different for the virious items, how-
ever, such calculation wocld fail to accomplish a primary objective

ot logistics cos:t analysis.

A more sophisticated handling of mainterance manpower
{#hich we shali call Method I1I) would be to require the bidders
to submit, for each maintenance action identified by the relia-
biliey evaliuaticn, an estimate of man-hours needed to perform
the six maintenance task elenents cited above.1 Maintenance

could then be costed ocut at standard hourly manpcwer rates.

An entirely different type of maintainadility prediction
technique (to be called Method III) was developed by RcA® for
electronic systems. The sutput of the technique is acgtive
majrntergnge dQ!&t;aGB rather than maintenance man-nours.
Mzinterance msn-hours, however, L.ave been shown by other studies
10 bear a relatavely fixed matnematical relationship to active

mzantenance downt.me on numercus electronic equipments.

“Such a requirement is inciuded in MIL-M-26512 (USAF) .

“Repsrted 1n Volumes i and II of RADC-IDR-63-85.

3 . . _
Froo MIL-STD-776: ACtive agantcpance time i1s “the time

Guring which preventive and corrective maintenance work is
actualiy being done on tihe item." pDowntime 1s "that portion of
calenda: timc during waich the item is not in condition to per-
form 1ts intended function.“
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Therefore, 1t 1s nNighly provatic that the saac type technique

could bLe used IOr predictling @ALnLLenance Sun-howls.

In ceveiopment of the RCA technlgque, a lencthy set of
checkiists was prepared. Scorirng criteria were aisc set up
and 2 fixed number of points was assignec UC eacr statement on
the list. Deternining which statements ccrreszond to the equip-
ment being evaiuateé 18 & simple matter for scnecne who knows
the Gesign i the equipment, since the statemernis COncCern

characteristics which can easily te observed from the desigh.

Varicus &guipnenls wiicsSe active maintenaace downtimes
were Known were scorecé oy means ¢f the cnheckiists. 1In a re-
gression analysis of checkiist scores against downtimes, a
gocod correlation was found to exist. As a result, a nomograph
was deveioped for ready calculation of downt.mes from the point
totais. The procecure was then used for successful prediction

of active maintenance downtimes for additicnal electronic sys-

tems .

Such a technique 1s not now available for prediction of
maintenance man-hours in maintenance cost computation. Con-
sidering the extensive work which has been done in tre areas
of maintainability checklists and factors influencing main-
tainability (see. for example, ASD Technical Report 61-24),
research on such tecnhniques could be undertaken with high

probakility of achieving productive results within onc ycar.

Verifaicactiop - If historical mainterance man-hours
(Method I) or techniques of the checklist-type (Method I1II)
are employed, verification of a bidder's compliance with main-

tainability eva.uation requirements of an KRFP 1s simple. It
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amounts to a check that tne bidder followed the stipulated

rules rigorously 1in performing his analysis.

The currently limited state-of-the-art for procurenent
evaluations, however, would make it necessary 1n Iary cases to
use maintenance man-hour estimates obtained from the bidders
(Method II). It would not usualily be possible tc check the
accuracy of these estimates during bid evaluation, s0 they
would have to be written intd the contract specifications, accom~

panied by a demonstration procedure.

Such a procedure is outlined (although not for procure-
ment purposes) by MIL-M-26512C. After assigning mainternance
man-hours to tasks, a bidder groups together tasks which are
similar with respect to failure rate and maintenance man-hours.
He then determines an average railure rate and average mainte-
nance man-hours for each group. For each grcup he multipl:es
the average failure rate by the average maintenance man-hours
per task by the number of tasks an the group. The resulting
nzmber is then divided by the totai of all such numbers to get
that group's percentage cocntribution to total maintenance ran-

hour requirement of the enc item.

This percentage willi de used in crawing a samplic of LasSKs
to be tested. First, however, the CONtractor aust know the to-
tal size of the sampiec. He obtains this by using a statistical
formula (also presented by MIL-M-26512C). The Government aust
provide the confidence and accuracy levels to be used in the
formula, while the contractor must enter the mean and standard

deviation of the estimated man-hours for the maintenance tasks.

Trne percentage contribution of each group of tasks 1s then

aultiplied by the total sampie size to yield the number of tasks
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of that group which are tc be tested. Once the eguipaent :is
available, the tests can be carried out wherever it 1§ moOst
advantageous. It would e desirable to have tne tasks performed
with government facilities, but 1f contractor personnel are to
be used, tiie contractor's plant zmight provide a more economli~

cal arrangement.

Avaiilekbliitv--
Definitidn ancé Introducti - Rvallapaility is de-
fined oy MIL-STD-778 t¢ be:
“The prcbability that a system O equip-
maent when used under stawcé condations 1in
an ideal support envircnment (i.e.,
avallable tools, parts, manpower, manuals,

etc.) shall operate satisfactorily at
any given time."

Trus the concept has to Go with uptime and downtlme and the
likel:ihood Sf being 1n an “up” state or a “down” state.
Avcliabiiity may be expressed as

_ MTRM
A = THTBM + MTTR

wiere MToM represents mear time Letween malntenance actions
1nvolving downtime, and MTTR stands for mean time to restore

to operating condition (i.e., mean downtime) .

lhlong with the demonstration procedurc the contract shouid
orovide a penalty in the cvent the test outcome indicates the
maintenance man-hours to exceec those estimated by the contrac-
tor. The percentage by which the total test man-hours are
greater than the contractor's estimates for the tested tasks
should be multiplied by the estimated total manpcwer cost used
in the bid evaluaticn, to produce the amount by which the coa-
tract price will be reduced.

2The term “availability” used in this report 1is ’achxeveé
availability”, distinct from "inherent availability” 1a that it
includes prevertive maintenance downtime, ang distinct from
“operational availability” in that it excludes supply and ad-
minlstrative downtime.
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Since military equipment is usually bought for the pur-
Pose of achieving a certain level of readiness or effective-
ness, effort is made to emphasize the composite effect of
reliability and maintainability on readiness, and the concept
of availability is employed. Figure 2 shows how different
combinations of reliability and maintainability yieid the same
availability percentage. The rectanéle in the lower ieft-hand
part of the graph represents those reliability/maintainability
combinations satisfying a specification in which mininum re-
liability and maintainability levels are stipulated separately.
It shoulé be noted that there are reliability/maintainability
combinations outside the rectangle (i.e., in viclation of the
specification) having a2vailability values greater than some of
those inside. The advantage of availability specifications
can thus easily be seen.

Figure 2: AVAILABILITY (A) CURVES

Mean Time
to
Restore
to
Operation

No. of Interruptions of Operation for Maintenance
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cussion it is apparent that availability 1s s.mply a mathe-

matical function of reliability and maintainability. Therefore,
no additional predictive technijues are required to deal with
it.

Availability must be czlculated in a logistics cost analy-
s18 (1) 1f thc quartiiy of 1tems can be varied in accordance
with the number required to ackieve a specifiec readiness level,.
or (2) if a value is assigned to downtime. However, our study
has not attempted to develop ways of handling either of these

situations. With respcect to the first, 1t 18 our understanding

. that the procurement quantity of equipments must be fixed in the

RFP. Regarding the second, evaluation of downtime 1n dollar
terms 1s a matter beyond the scope of our study and being
given extensive examination in numerous projects on costs and

measures of readiness and effectiveness.




