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FOREWORD

This repori was prepared by the Radio Corporation of America

of Camden, New Jersey, for the KRome Air Development Center,
Reliability Branch, Engineering Division, Air Force Systems
Command, United States Air Force, Griifizs Air Force Base,
Rome, New York. Mr, Russell E. Purvis was the project engineer
and principal investigator and Mr. Harvey R. Barton the project
manager. Other RCA project personnel were R. L. McLaughlin,

J. T. Glass, and I. H. Young. Mr. Julius Widrewitz was U.S.A.F.
project monitor. Other U.S.A.F. project personnel were

E. Simshauser and J. Klion. This study was made under Contract
No. AF30(602)-3850, and was conducted during the period July 1,
1965 - June 31, 1966, Project Nr. is 5519, Task Kr 551901,

It should be recognized that the definition of "Value" used
herein differs from that currently accepted in the industrial
Value Engineering fraternity. “Value", as used here, describes
the imputed worth, as of a system for accomplishing its objec-
tive. where thie basis of worth is the worth of the objective.

The reason for the departure from the definition in current

use in the Value Engineering field is twofold. First, it is
desired to encourage Value Engineering effort on the part of
those individuals not presently so employed. Second, and more
important, the value function was required tc be useful in op-
timization operations. As described in the report, the dimen-
sional ccmpat;b*llty required for optimization favors the
separation of performance and cost factors. The prorosed value
function permits optimization of performance with maximum cost
constrained for optimization of cost factors with constrained
minimum accentable performance. The second type »f optimization
is the more frequent vequirement of value engineering. In
addition, the proposed definition permits compariscn of systems
designed for different functions, which is essential for evalua-
ting systems of overlapping capabilities, or alternate mixes of
systems for accomplishing a complex funci:ion.

Frequently, it is inconvenient (or undesirable from the stand-
point of national secur1ty) to use objective worth as an opera-
ting numeric, In comparison of alternatives with the same
function, this is unimportant, since objective worth is invari-
ant, and only the performance aspect of "value" differs between
the alternatives. Fortunately, though, where it is required *o
determine "Value" for systems having different: functions, the
cost paid for an acquired system to accomplish the function can
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be utilized as a lower »ound on its "Value."

If it is desirad, mental conversion can be made from the defi-
nitions of this revert to these currently used by the Value
Engineer, by cons’ ! “lrg "Value" defined herein, as worth, and
"Value" divided by cost, as value.

This decuvent is not releasable tn CFSTI because it contains information
fram release to Sino~Sowiet Bloc Countries by AFR 400-10,
"Strategic Trade Control Program."

Publication of thie report does not constitute Air Force approval of the

report's findings or conclusions, It is published only for the exchange
or gstimlation of ideas.

Value Engineering
Reliability Branch

Appreved:

Approved:

{ P§ /BEIHKE
B\gfxeering Division

3 "
FOR THE COMMANDER:gaﬁ%\A ?“Q%ﬂ"-‘.‘»\--

IRVING HBELMAN
Chief, A cud Studies Group
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ABSTRACT

This report presents a value analysis methodology designed

to widen the scope and improve the effectiveness of existing
conventionzl techniques of value analysis, by reorienting the
emphasis towards the conceptual phase of developme:.c. At
present, the methods and techniques of value engineering, as
generally recognized and contractually practiced, consist of
re-evaluation of functions and incentive reward for any
pertinent reduction in cost of arquisition. Basically, the
report describes & development of the concept of value and its
quantification. along with prescribed methodoclogy for systematic
analyais, permitting value optimizrtion with respect to total
expected resource cost,
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EVALUATION

“CRITERIA FOR VALUE ERGINEEROG"

The mejor objectives of study contrect AF30(602)-3850 were to investigate the
theoretical feasibility and practical advantages of develoring an engincering
(synthesizing) procedure for achieving high levels of ve” .1, oxercising
positive control, promoting vatue assurance, and accomplishing cost avoidarpce
during the definition, design end developmeni, and operationnl stages of &
product’s life cycle.

A value engineering methodolagy was developed coapatible with configuration end
perfommance engineering relating wslue, funciion, per{cermdnce, and total rescurce
costs. The value engineeving procedure emrloys & mathema*tical modeling tachaique
in the form of & cost difference mguation, which permite the evaluatica of
design-support slturnatives and identification and seloection of the least-cost
alternative from among those originally cousidered. The methematical model
operates on quantitative, reliebility, maintainability, operstional revdiness,
and- acquisition and support cost factor inpuis. Hence, by selecticr of the
least-cost alternsative, a margin of assurance i3 provided that perfomance
paraneter requirements, as well as fuaction and total coei, have been evaluated.

A field test and statistical validation of the technigue were contampiated.
However. these were not possibie for two reascns. A lem’sit.cost aliernstive

is selected on a camparative basis and only with reapect to thess alternstives
originally considered. Consecuently, in the program definiticn and early design
stages of developmeat where no historical/thecretical value stendards exist, it
cannot be positively stated or demonstrated thet the alternative chosen repre-
sents an optimized state. Secondly, the "Fectual cost” informstion necessay
to facilitate & real-cost versus & project-cost compsrigon was not availsble in
the detail required. Consequently, the compariscn of two sets of projected~
cost figures would prove little. To provide some measure of confideance in the
sccuracy of mathematical medeling reaults, 8 procedure for detecting and
adjusting error in least-cost alternative selection was fuinished.

The reaults of this study should not be construed ss being conclumive, noxr the
technigues develcped understood to be the panacea. This research effort
represents the formulation of just one apvroach and one step toward satisfying
a growing need for a value concept and procedure compstible with other system
engineering practices.
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As ruture work, it would he dssireble to parfork an affiticoal mumber of model
applications to actuvel case stulias to ezxtablish tachnigue integrity sad inves-
tigate the ajvantages of compulsrizing the itsrative procotures to simplify the
wechanics of application &nd miniaige caleniation error.

st

ERREST P. SIMSHAUSER
Velue BEngineering
Reliability Branch
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CRITERIA FOR VALUE ENSINEERIRG

L. INTROLUCTION
1.1 Generali

Vzlue engineering had its birth in the commercial world, where
it has continued to be aggressively and beneficially applied.
Value engineering has also come a long way in military applica-
tions, where it transcends the existing commercial application
domain., The emphasix in military applications, although first
assuming the perspective of commercial application, has consis-
tently continued to be pushed to the detail daaign and system
design phases of system develepment. This report attempts to
concaeptualize value engineering analysis as a systematic quanti-
tative techuique embodying a formal mathematical atructure which
permits optimization of value.

The dependent variable in the technique structure is total ex-
pected cost ¢f acguisition, operation, and support, as measured
in recurring arnd non-recurring cost over the lifetime of an item
or system.

The time phasing of the application is from pre-award phases
of gystem davelopment to dasign Zreeze.

In this report, value engineering is viewed ag a £icld of en-
gineering directed to deveiopment of systems having appropri-
ate or specified values in the acconmplishment of their missions,
at least cost; value analysis is considered to be the syste-
matic application of analytical technigques used to assess the
value and cost of a system or portion of a gsystem,

There is no citempt in this report te trsvel the already well-
trodden paths in value engineering, nor is thsare a deliberate
attempt to enhance the engineer‘a thirking cor idea generation
abilities, except perhaps hy providing an analytical foundation
and framework for a standardized approach to the projection of
cost ramifications of particular decisions.

Within the limitation of this program, idea generation should he
asgured through capitalizing on competitive aspects of defenve
gspanding, thus letting neceszesity mother invention.

One of the major prcblems remaining in systems and eguipment devel-
opment is +*he lack of knowledge on the designer’s part of how to
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project his design into its operation and support envircnment.
Thies inability is believed to derive from two sources: first,
lack of basic knowladge about the suppor: system, and second,

lack of definition of the intended cperation of the system or
equipment.

The required ccst analysis associated with the contractor must

be, within his responsibility, consistent with contractual re-
laticonships; whatever tradeoffa are performed, and generally,

many are required, are best left to contractor axpertise. A pro-
cedure for cost accounting and ~ontrol, directing tradeoffs, and
providing competitive incentive is developed as an integral part
of the value analysis metkhodolegy. This technique, for contrac-
tors not already employing something similar, should significantly
enhance a contractor’s capability for cost competitiveness and
delivery of a technically suitable product.

A note of precaution is appropriate; it ig impossible to pre-
dict with certainty the behavior of an eqguipment in a future
environment that is not completely defined, particularly if the
equipment exists only on the drawing board. Nevertheless, an
attempt must be made to maximize the probability of selecting the
best design-support candidate from several alternatives that
satisfy the user’s operational requirements.

The advantages of the proposed technique are that it is re-
latively simpie co apply, it ensures that all significant costs
are considered, it imposes a standardized discipline, and since
it compares all alternatives on tne same logistic basis, the
predicted least cost solution has the highest probability of
becoming the actual least cost solution,

The basic principle of value analysis expressed in this report is:

Value decisions at all levels of hardwaxe development
are made with reference to the total cost and value im-
plications of the end product, including operation and
support.

The value analysis technique is predicated upon the end product
in its intended enviroument over its expected lifetime. This
iz the essential starting point of this presentation.

1.2 Background

1.2.1 Present Status - The evaluation of function is the present
state-~of-the-art of value engineering theory. The basic tool
may be summarized as a series of questions directed to function
evaluation:
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What is the product?
What is the designed function of the product?
How well does the product pe:rform the function?

Are there acceptable alternatives for the design of
the product for cost reduction and comparable quality?

This value engineering approach represents a qualitative, rather
than a quantitative process.

-

This toocl, applied to military value analysis, takes the follow-
ing additional forms:

-

Question constraints of contract. Does the contract
cover or exceed the requirement of the function of
the product? There are two types of requirements
generally invoked in contracts, system operational
requirements and military specification siandards.
Systew c¢perational requirements constitute the big
picture, and are generally peculiar to the system.
These requirements are mission .environment oriented.
Military specification standards are detail part per-
formance requirements.

Question the mission of the product. Will the product
properly perform the mission called for in the contract
and specifications?

Question constraints of the "abilities," e.g., reliabil-
ity. Are the constraints of the other "abilities”
compatihle with the requirements of wvalue for cost re-
duction?

Question alternatives to the design. What alternative
designs are possible to perform the rejuired function
of the product within ithe parameters of specifications,
cost, and value?

Question the parameters of the function of the product.
Will the product perform the required function with
the present design?

The existing value methodology is rascognized primarily as an
after-the-fact cost reduction mechanism. In reality, considerasle
'ralue analysis effort is performed in the proposal, definition,
and design phases of system developme.t:; but it is given scant
recognition as such, due simply t: the mersuration problems asso-
ciated wivh cost savings.
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There is in value literature a wealth of ideas on generation of
alternative devices, both of a general nature and as categorized
by problem type, e.g., to buy or make (See »ppendix I for useful
notes on selective application of value aznalysis).

1.2.2 Present Problems - Tha existing problems of the value en-
gineering discipline are as follows:

&. Need for a quantitative criterion for value, -pointing up
the difference between value and cost.

b. Need to orient value analysis to total expected re-
source cost,

¢. Need for a feasible systematic procedure for evaluation
of feasible alternatives.

éd. Need to reorient value analysis to the objective of
elimination of excesaive cost, rather than reduction
in cost, or do it right the first time; e.g., how much
can be saved by decreacing the value of the system
(decreasing performance goals, vig,, reliability)?

e. Need to project alternatives into total cost picture
early in the conceptual phases of system developuent,

thus providing a means of making the systems, circuit,
and packaging engineers aware of total cost implications.

1.3 Value Engineering Technique Requirements

1.3.1 General - A general value engineering methodology must
meet certain specific requirements, such as:

a. The desired method should be useful lor objectively
quantifying value, a8 follows:

(1) »2s a tool for design decision through all projuct
phases.

{2) In the development of proposals.
(3) In the evaluation of proposals.

(4) Por mo-itoring the valus ievel of systems/equipment
undergoing developmeant.

b. The method should have application to mest military
systems, equipments, missions, and szituations.
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c. The mathod must be tachaically valid ané useful in
. practice for these reasons:

(1) It must provide realistic guidance for trade-
. offs between functional levels of performance
and the costs of cwnersnip and zperation.

(2) it should take into account the gkil! level of
the average user (both contractor and custo-
mer), and the conditions under which it will
be used.

(3) The data required and the actions to be taken
to reach meaningful decisions must be sequen..
ced and timed to match normal gprogram phasing,

"~ {4) The method should be capable of adjustment to
maintain its valldity in the face of advances
in design, aystens support policies, and mission
requirements, as well as advances in analyti-
cal tools and tqg guality of available data,

(5) The degree of reiinement of a model or techni-
que zhould be compatible with the basic accuracy
and variability of the data needad for its
use, and the sensitivity of the cutput to vari-

. zticns in in-put.

(6} The time and cost requirec *o carry out the
procediure at any phase of vhe development cycle
gshould be compatible with design schedules and
budgets. The cost of carrying out the proce- @
dure must not be disproportionate to the gains
expected from its use.

Liv order to assure mweeting the needs ouvtlined in 1.%,2, and
requirements (a), (), and (¢) of tnia gection, it is essential
that the technigque be structured upon & defiasition for value
which can withatand a logical analysi$. Accordingly, ‘he
characteristics of walue ars £1rst sxhAmined, which are necessary
to meet requirementa of a useful Valye Engineering technique.

In the paast, a number of factors have militated againat meet-
ing these requirements, and cars has been exercised in develop-~
ing tha anprocach so that the same pitfalls can bwe avoided.

Une dangnr is the fallure to recognize tha® velue has an exist-
ance independent of cort, The value of a rystem measures its

quality of usafulness, not the cost of ormership. For instance,
a techrnologizal breakthrough can drastically reduce the Tost of
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squipment without affecting the value of the equipment at ail; or
squipmment reliability can be sigrificantly improved without a
cost increase, hut with an evident ‘ncreasse in value through in-
cressed probability of achieving the mission. A system may be
dsveloped which can replacs two existing s rstems, and with equal
satisfaction. Its value is equal to that of the twe existing
systean, rugardless of whether it cost: wore or less than the
two.

A second prcblem is ths not uncommon belief that all value para-~
meters can be optimized at once. In most reai cases (given a
sovnd design to start with), it is not feasible to improve one
function, indiscriminately, without affscting others.

A third pitfuil is a widely held tendency to look for azbasolute
invariant value independent of the particular application and
the particular uesr. The value of a glass of water ies quite
different to a man on the desert and to a man drowning in a lake,
vicusly, an elemsnt of value is dosire or need.

A fourth nazxrd ctems from overlooking the relatioriship between
tho valus of & system and the worth of its mission or objective.
Por instance, a battleship cut up for scrap has far lesa value
than vhen it proudly joinad the fleet, y=t many mcre c¢ollars have
gone into the operational and scrapping costs. Certainly, acrap
is a less worthy objective than the ship’s design mission, It

iz also true that a perfect mousetrap does not hava the value of
a fine home, as evidenced by the fact that the customer will aut
pay so much for the mousetrap,

It is desixrable not only to develop criteria for measvring value,
but also to develop critaria for selsction of areas of high
yield. This will ‘~wive slementa nf timelineas and feasibilitry,
as well 28 such elements of yicld as annual or contract cost of
preducing, the cost of operstion and maintenance, complesity,
ration of specisl parts to standard parte, atate-of-the-art, de-
sign maturity, and remdir ing useful life.




2., VALUE CONCEPTS

2.1 gGeneral The bagic technique of value engineering/analy-
sis proposed in this report nopefully provides an improved

tool of great potential benfic to a wide range of likely users,
Governmantal departments, sspacially the military, as well as
orivate industry. The prescribed methodology is designed to ac-
hieve a specifisd cbjective at a ninimur investment of resource
cost over tha life cycle of the system, a goal of acknowladged
interest to the DOD and the USAF; that is, achievement of epeci-
fiad functions at minimum total expacted resource costs ov:r the
iife of the system.

The following views un the changing concept of value engineering
were expreszed by Mrx. George E. Fouch, Deput, Assistant Secretary,
DOD, ir a sveech entitled "A New Loock at Value Engineering in the
Department of Defense"*:

“To be truly effective, value engineering must be an intevral
part of the wmainstream of the total management process. Caly

in this way can value enginearing properly contribute to ocur

gral of achieving imploved weapon systems at minimum total cost
of effective ownership and use for their planned life r~vcle.
Value enginee¢ring zctually ia, as we know, a purposeful, orderly
methodology for increasing the return on investment on specific
targets of opportunity witk nc losa in required performance. I
am using the term return on investment in its broadest context,
To the military, this could mean many things. It might wean, for
example, lower acguisition cost, but it might also mean lower
total cost by decreasing logistic and operaticnal cost, although
increasing acquisicion cost. An imaginative value engineering
program, for example, has the effect cf implementing guality and
reliability objactives by simplifying devign snd focusing testing
and inspection on <esentials, or it might meawn more Sxfense capa-~
bility for the same amount of dollars. Fpr make no cistake, VE
is a tool capable of meking desired military capabilities
economically feasible, as well az a tool for caest reductisn. To
industry, by return on investment, I mean incraassed profits or

improved competitive positior. VE adds a naw financial dicension

to the entrepreneurial aspect of defenigse coantracting.

In this light, VE differs from long es*ablished techniques and
methods in that these have emphasized a singls functicnal

*Presented at the Valua Enqineering Symposium, sponscred by the
Society of American Valuve Enginsers, May 24, 1966.
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maragement orientation, whareas VE crosses all functional
lines in the interest ¢ more efficient achievement of 2
higher level management and objective., This is a broad di-
mension, but one which is within the definitions and policy
for VE in the Department of Defense today®.

The importan: differences betwaen the orientation of the
technique presented in this report and conventional! value
analysis lie in the areas of application. The proposed tech-
nique is tc be applied in the conceptual, definition, and
design phases, whereas conventional value engineering is
generally directed to minimizing acquisition costs, and
usually exercised under contractual incentive types of con-
tract. This latter apprcach is quite legitimate because of
the impossibilityv of evaluating consistently the savinga
through value engineering efforts at earlier conceptusl and
definition phasesa, nor should they be required to be demon-
atrated. The position taken un this point in this report ie
that the aim is to eliminate alternatives requiring unnecessary
costs hefore these costs are incurred. Measured in this way,
a product which undergoes significant cost reduction in the
acquisition stage is poorly designed, depending upocn answers
te the following questions:

a. Did a preferabie alternative exist at the time the
irnitial design decision was made?

b. Does additional information exigst now which did not
exist previously?

c. Was the initial design decision made usi 3 the best
information av.ilable?

d. Were the slternatives prcjected into total iife
cycle?

e. Were chance events weighed and/or explored?

2.2 VYalus Fundamentais

et B

2.2.1 Genezal -~ Value has a generally accepted definiti~n of
long steanding in terms cf lay usage. This seciiun considers
definition of *he t2/m as it iz used and develops from thiwn
definitionr a general value mode!l possedsing the logical struc-
ture requi.ed for sclution of complex value engines2ring problems.

2.2.2 Devalupmert - Value i3 def...ei 23 the imputed quality
nt us~‘ulness for a specific purpeose. Ixmputing in this context




deucribes derivation of a charucteristic in lerme of weasur-
able parameters. The definition differs from that of "worth"
only in that "worth"” generally is used to express an intrinsic
quality, whereas "value” exprcsges an imputed quality. These
definitions are explicitly and implicitly compatible with
gensral usage. Logically stated,

V(£)=p(£)w(£), (1)

where

the awsigned value of the #unctic:u (f), measured
in imputed resource dsliiars, and

V{f)

p{f) = the imputed probability cof requiring the function,
{(desire, or need, discunsed in 1.3.1) and
w(f) = the worth, measured in resource dollars, of hav-

ing accomplished the requiresd function (f).
System vzlue becomes
v, (S) = p, (8)V(E), (2).
where |

Vv, (8) =the éssigned value of the system (S) for accom-
' plishment of the function (f) in imputed resource
dollars,

pc(S) =the probability of accomplishing function (f)
with system (S) := effectiveness.

The value of a system for aciieving a required function is
dependent upon the value of the function, ind upon the capa-
bility of the system for achieving it. Value, considered
here. is independent of the means by which the system imple-
mente the achievement, and of the ccst of system acquisition
and support.

2.2.3 Margin of value ~ The convertiionai profit margin related
to value of a system is rerrcsented simrly as

A, (8)=V_ (S} -c(S), (3)

s s, g S




where

AV (S) = the margin of value, or the return in re-
source dollars in excess of the investment,
and

C(s) n the rnsdﬁrce dollars invested to achieve the
expec:eq return [V (S)T.

2.2.4 Military Value Model ~ Mcdern military systems can be
generally predicated upon a gingle type of mathiematical mcdel.
To illustrate its application, consider the iollowing devel-
opment of this value concept, applied to a defensive system.
An offensive system is evaluated by means of the same model,
with appropriate modification to the objective value parameter.

An offender will launch an ICBM against a apecific location,
with imputed probability (q). Detonation of the warhead on

target will cause damage with worth [W(L)]. The probability
of succes  of the mission is (r).

A defendiny system is planned with probability of success
(effectiveness) (v). Success is defined as the reduction of
damage to W(L’), The defense system is considered a deterrent
to ICBM launch, reducing its probability from (q) to [p(f)<q].

The value of the system is the expected gain from its acquisi~-
tion

V(8)=qrW(L)-r{1-v)p (£)W(L)~rvp(£)W(L’') (4)
=rW(L) [gq-p(f) (l=v)l-rvp(£)W(L'}.
In words, the value of the system equals the damage eliminated
if it worke (which is equal to the damage accruing, if we do
not acquire it), leas the damage accruing if our system does
not work, and the resicdual damage if it does work.
If we ianore the deterrent capability cf our system,
V(g)=rvp(f) [W(L)-W(L’) ], (5)
that is, the system’s valuc is the product of
a. The probability of requiring ite function [p(f)]

b. The probability of accomplishing “he function with
the system (v), and

i
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c. The assigned value of the function, as measured by
damage eliminated, [p{zx)[w(L)-w{L’)]].

The task of the value engineer is to assure achievement of re-
quired system value at least cost,

The problem may be stated:

Minimuze total cost, subject to

v, (S)2P, (S)V(£), (6)
where

V,(S)= system value,

P, (8)= minimum allowable probability of accomplishing
function (f)., or minimum effectiveness level,
and

V(f) = assignad value of function (£).

The environment cf the valuc engineer includes an objective
function which is specified. His control of this function is
to ensure at least the minimum value of the effectiveness func-
tion, or probability of accomplishing the objective, [PG(S)]F
at minimum cost (See appendix II for further discussion of
value modeling and technique analysis).

2.2,5 Definition of Objective ~ ILet (E) designate a set of
parameters describing the effectiveness of the system under
evaluation.

E=ila ,e,.-.0) (7)

Let (Eo) designate the set of parameter values (e;qj, having the
minimum acceptabie performance numeric associated with each
parameter (greater than which there is no explicit advantage
for the system). This set of parameter numerics expresses the
relative value (V) of the system, in comparison with an alterna-
tive having the same obhjectiva,

It should be recognized that the system re:"esented by the mini--
mun acceptable value for each performance parameter (e,o) is

net necsssarily the least coszily system, Indeed, it is frequently
pozoible to find a lens costly alternmative which provides better
performance in one or more performance parameters.

Pigure 1 illustrates thias relationship, where (eic) is

11
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the specified numeric from the systems Bstudy, beyond which
further improvement dces not contribute! significantly to
uy:ta? effectivaness, and (91.) is the ubsolute minimum cost
pont.

Most examples of cocat reduction result in increased performance,
i,e., beyoné requirements.* For exampla. a fringe benefit of
cost reduction resulted in an increase in reliability of 30
percent of Class I changes and 48 percent of Class II changes.

This implies misdirection from tlie existing definition of
value, as well as from value analysia. The difficulty arises
from tha tacit assumption that achievement of a quantitatively
specified objective at minimum coet results in the absolute
minimum cost.

The value engineering criterion or obiective now becomes

Objective: Minimize T=R+E, (8)
Subject to E%Eo
DmDo,

where A= cost of acquisition,
8= cost of support,
D= delivery lead time, and
D = maximum acceptable delivery time.
The model may be expressed also in the form
MinF(T}ags, (A-A +rj) 4\, (E-E, -r,) (9)

2, (D-D,+13),

where
E-E_-£}=0 EZE,
D-D_+1 =0 pSp,
A'Ab+r:=° Ashb.

~TFringe Effe-ts of value Engineering, DOD", Value Engineering
Cormittee of the American Ordnance Association, Washington, D.C.,
May, 1964.
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where

k3

(A\) is a Lagrange multiplief, introduzced to ensure the
propet dimensionality along with nuterical value, and (rg)

is a slack variable necessary to ersure that the inequalit:es
are satisfied.
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3.1

GENERAL VALUE ENGINEERING/ANALYSIS METHODOLOGY
Government Reponsibilities

In the presence of a specified objective function, the control
of system value is exercised through controlling the system’s

capability for zccomplishing its objective.

design value, the system design must be implemented in strict
compliance with its cbjective, Accordingly, a problem defini-
tion procedure is followed, whose ultimate objective is to es-

tablish
This is

value parameters and consequent design constraints.
the responsibility of the buyino agency. The general

procedure follows:

Example:
(1)

(2)

(3)

Develop mission requirementsa

The system objactive is described f£rom such a stand-
point and in sufficient detail as to establish capa-
bility requirements and a system cost target. &r.
example follows which establishes partial requiraments
for a system design.

Target:

(a) Radar image 1 square meter.

(b) Velocity 1 kilometer per second.

{(c) Altitude 500 meters.

(d) ®=vasive action capability - 2 degrees per second®.
(¢) Nuclear warhead.

Intercert Requirements:

(a) Kill distance 20 nautical miles from system base.

(b) Probability of killing a randomly schedulel tar-
get, 0.95 at 20 nautical mile radius,

Eav ironnient s

(a) Temperatures, -20 degrees Fchrenheit to +160 degrees

Fahrenheit in direct sunlight.

{bj Intercept capability not seriously impaired by
darkness, fog, 2lectronic jamming {broadband)
50W/kHz) .

FUIMUINIIES. S v =i Smmems = o g o b e | St o e ¥ e e e

In order to ensure

' 5 .




b. Develop System Performance Farameters

The system configuration is broadly defined, to the
degree necessary (0 describe accomplishmsnt of tre
mission. This task is normally accomplished by the
Government, sometimes as 2 result of contractor
feasibility studies.

Example:

From the previous mission description and a comparison of
alternative msans of accompiishing it, the decision is
reached that the systexm will include the following:

a. Solif-fuel missile.

b. xadar detection, tracking of target, guidance.,and
homing of missile intercaptor.

¢. Nuclear intercepto: warhead.

From ~orrelation of syatem charac*eristics with the mission
requirements and tradeoffs of system characteristics,
specifications are established for system performance
paramecers such as:

a. Radar detection resoluiiorn and range.
b. Radar tracking error.

¢. Guidance error.

d. Missile velocity and acceleration.

e. Missile manevvering capability.

f. Missile warhead kill radius,

g. System reliability.

h. System cperational readiness.

i. System downtim:. limitations.

Figures 2(a) and 2(b) indicate applications of design and
operztional parameters to be furnished the ccntractor by the
Government in the Request for Proposal. At this point in

system requirements definition, system and subsystem cost goals
are assiyned for delivered end items. A Request for Prcposal is
devaioped, incorperating thzs end item cost goals to provide a
system which at least meets the minimum set of performance para-
meters, which corresponds to the value of the effectivseness
function,

In addition to cost goals and minimur performance parametors,
the Government assigni reguirements for adherence to certain
general specificaticns describing methods of producing,

16
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System
Value
Parameters

Applicable
Syatem
Subsysestem
Equipment
Assenbly
Module
Part
Function
Overational

Level of

Assembly

U
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Design

Mode
Applicabie
Location

Organizzation

Field

Depot

Factory

Operacional
Profile

Reliability

Maintainability
Downtime (Max)
Repair Rate

Fault Isolation
Built-in Test
Special (External)
GFEB

Personnal - Skill
Availability

Installation

Environmental
Capability

Storeability

Vulnerability

Miljitary
Specifications

Other

Deployment

FIGURE 2(a)
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Organization

Operational
Field

Subsys ten
Equipmes—+
Assembly
Module
Part
Mode

Function
Depo
Factory

System

Syotem
Value
Purameters

Applicable
Applicable
Location

Level of

Assembly

Operational s

Support
Profile

Self-SuffieiencJtu q

Operutional
Readinesn

Replacement
Lavel of
Aaseably
Personnel-Skill
Availability ﬁ

Facilities }
|
Utilities

Logistic

Trancportation | ; #

System

Utilizgation »
Scheduled ﬂ
Operational :
Training
. Eervicae

Unacheduled
Service i

Attrition

FIGURE 2{(D)




analyzing, dsmonstrating, and documenting required system
operational capability. Tables 1 and 2 show applicatioi of some
such specifications,

For accomplishment of necessary tradeoffs among development,
production, and operational costs, the contractor must bs
furnished information upon which to bzse production run potential
and certain operational cost factors, as indicated in sppendix
Iv,

2 further requirement to assure a minimum cost sys =m is that
the Government furnish information relative to areas of potentiLI
risk in system development.

Such rigks can be financial or technical in nature. Areas of
technical risk are Jetermined in observation of system require-
ments in comparison with technolcgy state-of-the-art. This
information and that of potential cost risk i1s a natural by-
product of the analysis to establish cost goals.

The contract type anticipated as a result of selection of a
proposed alternative has some influence upon cost evaluation.
The Gove..ament is respeonsible for considering contractual
characteristics in the selection of the winning alternative.

3.1.1 CONTRACTUAL ASPECTS CF COST

Contract types currently in use can be classified ir .o "Fixed
Price" and "Cost Reimbursement” categories.

If a “Fixed Price" contract is to result, the acquisition cost

is fixed for the contractualiy defined system. Anticipation of

a "Cost Reimbursement” contract limits the credibilitv of pro-
poral acquisition cost, because of lack of pcsirive control.

In consaquence of this, cost evaluation of a system propused for
this type of contract requires analysis of system characteriastics
generating cost, and analysis of experienced relative cost
effic.encies of the contractors. In support of a cost type
proposal, the contractor murt be required to furnish a suffi-
ciently detailed description of system characteristics for the
Government to make its own estimate of acquisition cost, The
effect of contract incentive provisions can be anticipated. In
the case of cost reduction ircentives, acquisition cost should
not incorporate expectancy of cost reduction, and the competitors
should be 0 advised. Thie encourages minimum base price.
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If the proposals incorporate tectnical incentive clauses, such
as for reliability, maintainability, etc., the base system and
its price should define the system to be evaluated. Terms of

an incentive clause should be patterned after the parameter’s

contribution to systen value, as defined in section 2,2., that
is, a change in the systom’s probability of accomplishing its

function, multiplied by the value of the function,

For example, if a change in Mean-Time-Between-Failures fiom

200 hours tc¢ 250 hours increases the probability of accomplish-

ing tae function »y 10 percent, and the value of the function is
established at $10,600., this improvemnent is worth nct more than
10 percent of $10,000., or $1,000.

3.2 INDUSTRY RESPCISIBILITIES

The contractor’s responsibility is to analyze the requirements
of tne work statement, and develop a system configuration which
meets the minimum constraints of performance parameters, at
least cost. Wwhat this amounts to is pairing feasible design and
support alternatives and selectingy the least cost pair meeting
the performance reguirements, Fiyure 3 depicts the range of
possible combinations of design alternatives and associated sup-~
port policies to be ~ompared. T¢ this end, value and cost goals
are allocated within qeliverable end items. The general steps
of the analysis follow:

PROCEDURE SOURCES OF DESIGN/SUPPORT ALTERNATIVE

STEP 1 a. Dutermine applicable periormance

Devise system to meet and cost constraints.

mission reguirementa. L. A feasible alternative satisfies
conditicns imposed in (a).

STEP 2 a. Determine operational constraints
and performance requirements tor

Transform systen. the system and develop required

frnctions into item

~ack functions,

packages. b. From Step 2 and (a) establish hard-

ware which will meet Or exceed
" operational and/or performance re-
guiremernts,

NOTE: There may be many alternate ways of packaging the system
functiong, Thes- alternatives may extend from micro-electronics

22
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Figura 3. Design/Support Alternatives

23




to conventional pirts to distinctly different types of sub-
system compesition. In general, however, there will be
relatively few practical alternatives.

STZP 3

Develop feasible sup-
port structurs.
kY

.
‘.

STEP 4 .

Assign Alr Porce. Skill
Category (AFSC) »nd man-
ning to item packages by

a.

b.

a.

Determine applicable conetraints
and requirements of support
strrcture., ‘

A feusible support structure

7a§iu£ien conditiona imposed in
a L)

Equipment (8) and szub-assembly
levels 2re assigned Air Force
Skill Catecory (AFSC) by

potential location of maintenance.
b. Manning is established for each
permissible equipment/sub-asaembly
allocatior to repair location
(i.e., maintenance echelon,
"\ organization, field, depot).

maintenance location.

‘.

~

NOTE: The APSC constitutes:a general personiel classification
that will vermit latitude fox equipment ciassification assignmsnt.
Generally, this will not be z prublem source in the genaration of
alternatives.

STEP 5

Selact faeaszible dssign a. Tﬁe;e are assumed to be several
configuration for an fesasnible configurations.
item package. )

»

NOTE: A feasibis dusign is a complete packaging definition of
the ecuipment pavkage under considerztior. Thus, theoretically
any change in configuration definiticn w i1l1d produca alternativas.

STEP 6

BEvaluate (eliminate) a. This evaiuation is always with

alternative design reapec: to the selected squip-

configurations. ment package, and at all times,
it is the entire package under
avaluation,

24
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NOTE: Caution must be exercised tc ensure that the alternatives
produce demonstruble differences. Many potential design changes
will not provide real alternatives in that they do not genarate
cost differsnces.

STEP 7

Reiterate Steps 2-6 a. Caution must be excercised to
for other feasible ensure that theejuipment asgsoci-
alternatives, ' ated with a previously evaluai~d

equipment package, i.e., if all
equipment packuages are added, the
sum coriztitutes the total hardware
package of the system.

Appendix V contains an iterative procedure for systematically
evaluating alternatives in the U. S. Air Force suppert environ-
ment. Successively evaluate design/support configuration
alternatives. All design/support alternatives must meet or
exceed the minimum acceptable performance requirements. Cost
differences between alternatives will zppear as acquisition and/
or operation-support cost. The areas where these potential
differences would appear are listed in cost monitoring tabular
form. These tables, referred to below, contain elements and
serve two purposes. They provide a check list for indicating
pcssible hidden and redundant cost sourcee, and also serve as
work shieets for analysis,

The general mechanics ofvalue/cost ¢oal analysis involves four
ateps:

a. Use table 4 for identifying acquisition and support
cost elemernts, as a check list for identitying
differences betwzen cost alternatives.

E. Use equations of the cost estimating technique in
ssction 4 to estaklish the difference in cost magni-
tude betwesn alternatives.

c¢. Use figure 5 of cost decision elements for det:srmining
aggregate cost effect between alternastives.

d. Use procedurs developed in section 5 for cost monitoring
and selection of tradeoff areas.

25
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4. TCTAL COST MODEL

4.1 General - The total cost (T) of a system, equipment,
can be represented by:

T = A+S, (10)

where
A = the cost of acquisition,
S = the cost of operation and support. \

The cost S is based on the expected lifetime cost. Figure 4
showa the basic cost model which has to be evaluated. #ach
element wculd ordinarily be evaluated to obtain the total

cost. For purposes of reaching a decision on whether tov accept
a particular alternative, differences in total ccst are employed.
Thue, it is unnecessary to evaluate equivalent elements of the
two alternatives whea considering which one of two to choose.

It is necessary only to evaluate the elements that are psrti- "
nent to a particular decision.

Let
T, = total cost of the first alternative.
T, = total cost of the second alternative.
the difference in total ccst (AE;'I) is represented by
A'.l‘a ,:laTa -'1’:l ' (11} %

where elements of cost common to the first and second alterna-
tives need not be considered if they are equal. If the quantity
AT is negative, it mesans that the second alternative is less

co%tiy. If positive, it means thai. the first alternative is . he
~orrect choice, viz., lees costly.

when two alternatives have been compared, the one ylelding the
lesser cost advantage is dropped trom further consideration.
Successive alternatives are devised and matched against the J
current alternative that has grnater coat advantage.

In order to make the evaluationa above, certain basic informa- ' e
tion must be avallable. This information involves the detail
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acquisition and aupport cost elements, and associated respon-
sibility for generation, i.e., the contractor or the Government.
Tho estimation of support cost as well as certain acquisition
costs requires additicrzl information which permits extrapela-
tion of basic coust elements into expected total cost differences; .
this information is designated as operational factors.

Table 3 contains an overview of cost factors aasociated with
acquisition and Operation-Support, along with rasponsibility
for providing necesezvy information. Also included is a de-
tailed listing of operational factors which must be supplied
(determined, estimated) in order to truns. ‘te acquisition cost
elements, as well as support cost elemente, into total expected
cost differences.

The total expected cost medel ncorporates certain specific
techniques required to generate supp~rt cost and/or performance
changes as a result of 2z specific zlternative. The techniques
are either in the detaiied cost bruakout, or appropriately
referenced to the applicavle appendix containing detail proce-
dures.

Tacle 4 contains 2 listing of infoxmation, along with respon-
s8ibl2s sources, which will be required to be furnished by both
the contractor and the Government. This infomation will serve
#3 inputs to the mathematical uwdel. The table also designates
the outputs of the model which will be required for alterna-
tive evaluations.

The columns dasignated "Periormance" and "Constant" i.dicate,
respectively, whether the information element is a constanc (as
in tha case »f certain inventnry costs), and whether it is re-
. iated to the gystem val'ie parame.ers.

4.2 DETAIL COST ELEMENTS

4.2.1 Cosat of Acquisition The elements of =2oquisition cost to
be onsidered include all charges which may arise from the de-

s:ign, development, Ifsbrication. and inetallation or ihs eguip-

beat,

Particular sttenticen shoild be paild te items which mark the
diffarencis betwsen othsrwisn similar alternatives. Among
thase may be:




TABLE 3

TOTAL COST ELEMENTS

ACQUISITION COSTS

COST FACTOL

SYMBOL

fOURCE

GOVERNMENT

CONSTANT

[

Design (R & D)
Fabrication/GFE
Installation,//GEEIA
Manuals
Line Item Document
Test Equipment
Organizational
Field
Depot
Standard
Special
Tools & Fixtures
Organizational
Fiald
Depot
Standard
Special

OPERATIONAL FACTOR

Type , item cost (prodnction Quan.'ty)
Type , item Failure Rats
Type , item Repair Rate
Numbrr T pe , item in equipment
Number of demands for factory cupport
EQquipment Reatore Time (hours)
Unreadiness Due to: 1. Sparing
2. Parsonnel
Equipment: Life
Nurbsr 2 equipments scheduled for
operation
Number ol Equipments per aite
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TABLE 3 (CONT.)
TOTAL COST ELEMENTS

ACOIITS

-4

{

3
i

COSTS

SOURCE

CONTRMACTOR

q 5
E4
: :
OPERATIONAL FACTOR o
Equipment operational time per h~ X
Equipment operational read...sss goal (1-u)
Equipment reliability MTBF X
Number of field shops F, X
Equipment phase out period L X
Number of organization sites Y X
OPERATICNAL AND SUPPORT COSTS
CQOST FACTOR
Persgnnel: (Technical Manpower)
Organizational c X
Field <t X
Depot Cin X
Facilities: (Utilities & Maicrials
for Maintenance and
test equipment)
Organizational c,, X
Field S X
Depot c, X
Transportation
Organizational c,, X
Field c,, X
Depct c,. X
Spares
Organizaticnal <., X
Parts c . X
Modules c' X
Kigher Assembly S
Field Q,, X
Parts S us X
Modules c,,. X
Highe: Assembly c X

Lmabs s —— T e m———T———
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TABLE 3 (CONT .)

TOTAL COST ELEMENTS

OPERATIONAYL, AND SUPPORT COSTS SOURCE
.
E L
8 2 8
E 5 B £
COST FACTOR w O o o
Depot Cqes X
Parts Ciny X
Modules Casa X
Higher Assembly C,en X
Utilities (Papot) C,, X
Line Item (Depot, c, X
New N‘ X
Maintenance N,' tw x
MRS, Nr LR X
Debit and Crvedit b x
Factory (all factors) <,
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TABLE ¢
SOURCES Of INFORMATION

{a) GUOVERNMMENT PROV" _ED INFORMATION
PRODUCT COST

SYMBOL,

ACQUISITION
STANT

PERFORMANCE

= a————t . -

Line Ytem entry/maintenance
Quantity nevli introduced
Con: per new item entry
Maintaining item in stock
On Master Repair Scnedule (NRS)
Quantity of stock item repair
Dabit and Credit
Equipnent life
Numbar of equipments acheduled
for operation
Rruiyments per site
Number of sites/Fleld Shops
Equipsent Parmissidble Unraadinesa
(Specified)
Equipnent Nowtime Allowakias
{Specified) 3,
Bquipment Maintainability Allow-
able (Specified) MR
Equipment Reliability Allowable
(Specitied) NTBF X

CE® HO xmEHEO
¥ oM MNX
X MMM

€
bl
»

b

Information Requiremsnts for Proposal Preps ration ?rocedures

Egquipment Phase-out Period L,
Number skill types of guantity

assignabls G
Personnal per site

Max imum

Ninimum
Utilization Factor “waintenance) B
Personnel Tumover Rates X
Fersonnsl Utilization: (Opsration)

ii%

o e B
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TABLE 4 (COWT.)

(a}) GOVERNMENT FROVIDED INFORMATION

PRODUCT COBT
8 3
H W
5 -

Eop &
g B 8 B &
¥ACTOR y § § g &
Pergormel Utilization (Maintenanca) X
Quantity X
€kill X
Operationial Schednle X
Prevantive Maintenarce (Spacified) X
Orzanizational (Hours) X
Fie)A (Hours) X
Depot (Hrurs) X

By Tauks
Periodicicy
Duration
Pguipmont Characteristics {specified)
Weight
Volumws
Powe s
Trangportatior cos”/shi-mant

{4Q AFLC/code SGT/) Milaitary
Comniercial
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TABLE 4 {CONT.)
SOURCES OF INFORMATION
(b) CONTRACYTOR-PROVIDED INFORMATION

3 PRODUCT COST
E
2R
FACTOR .wgggm
Design (Research & Dsvelopment) c, X
Fabrication/GFE e, X
Installetion/GEEIA c, X
Manuals c X
Line Item Documentatiosn c: X
Test equipment:Typs per location ¢, X
Organizational c,, X
Field Sy X
Depot S . X
Standard (Contractcr/GFE) ¢ X
Special ©, os X
Tooln & Fixtuces:(Type per location ¢, X
Organigational <, X
Field e,, X
Depot e,, X
Standard (Contractor/GFE) e X
Special (Contractor/GFE) Couy X
Typel item (spare parts, modules,
and high assembly) (c,) X
Typei item Zailure rate (2} X
typei itam repair rate (u,) X
Numher of type item in aquip. {n,) X
Total number of failures over
squipment. life N X
Number cf demands for factory
support N,
Factory suppert {(total) s :
Equipmant ¥sliability and urar, >
Meiptainzkility MTTR,|: X
Cnieadinass Due tos
Inherent Limit A
Sprres Allocation, .
Menning Aliocation u b's
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TABLE 4 (CONT.)

S b D T

(c) INFORMATION PROVIDED BY MODEL
PROGUCT COST
8 3]
: :
K @ g E
g e & £
g 5 8 &
mx (5] 0 8 [N

Unreadineas
Personnel: (Direct/ITndirect

technical Manpower c
Organizational ',
Field <.
Dapot. Cau
Facilities:(Utilitios/material
for operation and maintan-: ce e,
Organizational <, ;
Field C,
Depot c, /e,
Transportation: ctf '
Organizational c, ,
Field C,\
Depot Cyet
Sparea: c,
Organizational .,
Parts e
Modules S
Higher Assembly TN
Field c,,
Parts ¢
Modules af!?
Higher assembly Tyen
Depot Sy,
Palts Cq,
Modules e
Higher Assembly Clen
Line item processing (Depot) c,
Introducing new u T
Retaining item in stock N, LM
Retzining item on =RS N ,LR
Debit and Crzdit N' b
Factory cost (when applicable) c
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a. Bullt-in fault isolation features.

b. Special test equipment.

c. Special tools.

d. Facllity of manufacture,
Differences in research, devel opment, design, or hardware
costs should be considered where they constitute a significant
difference among the alternativas. Differences in requirements
for Government-furnished equipment (GFE) should also be estadb-
lished. 1In any case, refined estimates of costs are justified
only whan the alternat.ive, or group of alternatives, has cost orx
other advantages which make it a good candidate for selection.
Cost of scquisition (A) can be represzented by:

A= ¢ +cptc +C +c, te, e, (12)
where
¢, = cuat of design,
¢, = cost of fabrication,
c, = cost of installation,
c¢_ = coet of manuals,
¢, — cnat nof test aguipment,
¢ = cost of toola and fixtures. and

c, = cost of line item documentation.

4.2.1.1 -~ Cost of Design - ita cost of design is

Sy ™0y ¥C (Cy *Cy, (13)
vhare
z,, = coat of elactrical design,
C,, = cost of mechanical Jdesign,

¢,, = cost of enginsering support, and

1)




. " cost of Product Assurance.

4.2.1,2 Cost of Fahrication - The cost of fabrication is
rtpr!aontoa

cf -cfe+c9a+c!!+cfl+cfm+cft+ch+cf’ (1‘)

where
¢. = cost of manufacturing engineering,
¢, = cost of assembly,
c, = cost of inventory,
c. = cost of shipping/receiving,
¢. = cost of model and machina arope,
= cost of t@ut angineering,
c, = cost of quality control, and
Cop ™ cost of purchasing.

4.2.1.3 Cost of Installation - The cost of installat.ion can
be broken into

ci = cl=+cio+cit+c$v+cis+cif lla)
where

e, = cost of orototype installation,

¢, = cost of service mndel initallation,

e, = cost of itraining,

¢,, = cost of repair program,

¥
L]

‘e coest of aparee provisioring, and

¢,, = cosc of field support.

37




4.2.1.4 Cost of ianuals - The cost of manuals includes

¢, = ¢, *e, (16) -
where
c = coat of producing manuals, and
¢,, = cost of updating,

4.2.1.5 Cost of Tongmgggiggggg - The costs of test equipment
can be further broken down as follows:

ct - ct ° +ce .‘+ct 4 (17)
and
ct! = ceu"'cux (18)

where

c,, = ccst of test equipment at organization,

~ . = cost of test equipment at field,

[ 4

c,, = cost of test equipment at depot,

=
ctd Ctdl + ctdx

¢, ,, ™ cost of standard test equpment at depot,
and

c, . = cost of special test equipment at depot.

tdx

4.2.3 Cos: of Operation and Support - The cost of operation
and support (S) 1is represented by

$ = ¢ +c_+c, +¢C (19)
@ ? 4 Yy
where
c = cogt st wrgan.zaticn,
¢, = coat at tleld,
c, = cost at dapot, and

¢, = cost at factory.

ig
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i 4.2.2.1 Cost at Organization - All operational costs are in-
cluded with the support costs at organization. The cost at or-
ganization (c ) is repressnted by

¢, =<, -+co f+c° *6, t (201
wher:
c,, = cost of personnsl,
c,, = cost of facilities,

¢,, ™ cost of spares, and

c. . = cost of transportation.

ot

4.2.2.1.1 Cost of personnel - The cost of personnel is repra-
sented by

c.‘-(ZSXG
, 1%

,kalik)+r (21)

where

G .\ = nurber of men with skill i, in 3kill field k, in
) an cperation and maintenance unit j,

xijk = average expense incurred by the gnvernment as
a rasult of the manning with skill i in skill
field k, in unit j, and

F = the administrative and service costs normal to
an operating and maintenance wnit ot size

IIZG,
ije

The values of these variahies are found as follows:

(R

a, G,y 1s the number of men with skill i, skill field ~, in
operaticns and meintenance unit j, and is determined by a
manning analysis. See Appendix III.

b. X;;«, #ee under personnel cost in Appendix VIII,

¢. ., for small relative changes in I¥2@,,,, the difference
in © is practically insignificant.

39
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4.2,2.1.2 Cost of Facilities - The cost of facilities (c.,),
including utiIitles, {s represented by

Cot ™ Coru*Cea?C 0 (22)
Normally, demcnstrable differences .n these costs will not
exist among alternatives, and for this reason, such costa car
he naglected: or, in many cases, they will cancel out when
differential costs are considered. Where they are naither,
estimates should be made using the best available information.
(The buildirgs, power ganerators, test equipment, and similar
items, are acquisition coste, if chargeable). These costs
may be treated as follows:

¢, ,,~cost of utilities (power). It is necessary to
estimate total puwer for equipment, air-condition-
ing, etc, Where nower is cenerated on site, use
delivared cost of frel. Otherwise, use KWH rates
for commercial sources. Include the cost of power
{(fvel) for operation.

¢, , =cost of materials for maintenance o facilities.

It is necessary to estimate the total cost of
upkeep using as sourcea, the civil engineering
site function.

2, ¢ "co8t of materials for maintenance of test equip-
ment. This cost is to ©oc assessed in the same
manner as the operating equipment and in conjunc-
tion with it where there is a commonality between
parts,

4.2.2.1.3 Cost of Spares - The actual number of spare items,
of s11 types, Is establIshed by using an optimizing technigque.
5..e principle of the technique is to chose the one alternative
from many, which returns maximum reduction ir unreadiness per

unit ccsc invested. See appendix VI, Logistic Criteria and
Mathods for Establishing Spares Levels,

The general aquation representing cost of sparss at Organization
is

S, =S, to, . .t (22)

where

¢, ,, ™ cost of parts,

40

a e e asaade




c = cost of mcdules, and

[ N
¢, ,, ™ cost of higher assemblies.
4.2.2.1.4 Cost of Parts - Let the cost of parts (c..,) ba
represented by the fo.Jowing equation:
co 5P = Ligzci—gnl«op)‘l-p (24)
ard = N C

Faopn Cp

whero
L = Life of equipinent.
E = number of equipments scheduled for opsration.

n,_, = number of part i per equipment,

i -

¢, , = cost of nart i,

A\, ., ™ usage rate of part i,

= total parts repair demanids (usacge)-organiza-
tion

P ~pe
= LF.Zn’_M)\i_F and

E’ = mean cost of part.

The total demands for repair based con p:st count is given by

N = LEEN, %, _ . (25}

g {-p

The number of part replacements at organization level is given
by

TS X = LEZN%-J’\i_p (26)
whers n, = number of part applications in assemblies for which
organizafbh has repair resporsibility.

Similarly, for field and depot,
N -t LEEN, -, (27)
N = LEZN A
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and

Nr = Nr-ﬂ + Nr-pr +Nr-)d'

when uszga information is missing, )\ is found by the follow-

ing: < o

*
A =3\ (28)

1 ~p tapt
vhere .

Nopr T predicted failure rate of the part i.
For high demand systems, part cost over the equipment lifutime
will closely approximate thias axpression, and will not usually
contribute significant unreadiness. For low demand systems, it
will generally be necessary to derive part cost through optimiz-
ing procedures (detailed in appendix VI).

4.2.2.1.5 Cost of Moduleg - The cost of moduies at organization
is represented by

co IR ] i %Si -nd cl (29)
where
S5,... = number of modules of type i, used and on
hand at the time of phase-out, at organi-
zation to maintain a pre-established level
of permisaible unreadiness,
S, .« ™ S [support slternative, u(y:,)\)], reference
appendix III, appendix VI.
where

u = unreadiness, and
c, = cost of module of type 1.

The usage rate is approximately egual to the failure rate for
the module case.

*Zee Appendix VIII for parte usage constant,
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4.2.2.1.6 Cost of Aigher Asssmblies - The cost of higher
assemblies, at organization, is

c = 35 c (30)

o8 h { —-ho 1
1

where
S = number of higher assemblies, of type i used,
and on-hand at time of phase-cut, at the or-
ganization to ma..tain a pre-established levcl
of permizsibla unreadiness,

{ <he

S, _», = co8t of higler assembly of type i.

4.2.2.1.7 Cost of Transportation - The transportation costs
at organization (c | are determined in the following manner:

(a) From on site operational locaticn te and from on
aite field maintenance shop by rcutine mathods
{generally negligible cost).

(b) «c,,,= site operational . . . . by priority requisition

= (demands) x {average length of round trip} x (cost
psr trip (Government Data Input))

(¢) c,,,= site operational . . . . from depot maintenance

(4.2.3.4).

{d) wvahiclee on which equipment is mounted should be
included in acquisition coates, whether Government-
furnished egquipments or contractor-supplied.

4.2.2.2 (Coet at Field - The cost at field (c,) iz represented by

C:’ = C.’ ‘+C':_ ;"'i,‘.,,‘*‘C!!. (31)
4.2.2.2.1 Cost of parsonnel - The cost of personnel at field
{when distinct of organizaticn) (c, } 1is

o ={TyTg Y+F {
I *’j’"f"’uxx!.:x’ {32}

where the aymbols, on tihe right eide of the agiation. ave de-
fined in paragraph 4.2.2.1.1 Field pearsonnei =3y be considered
as independentiy contributing unreadinese {sse examplss of
apoendix III).




4,2,2.2.2 Cost of facilities at Field - In determining cost of

facilities at fie <, , ¢ USA D ures in 4.2.2.1.2.

4.2.2.2.2.1 Cost of Spares at Pield - The cost of spares at
is expressed as

cr- = C“""C'..*C'.. (33)
where

Cryp ™ cost of parts,

T e = coat of modules, and

T,.n = COBt of higher assembii...
4.2.2.2.2.2 Cout of Parts - The ccst of partsa at field (c",)
is

(.:fl) = Nr—)-’ ? (24)
where

§ ., = total parts repair demands-field.

4.,2.2.2-2.3 Cost of Modules - The cost of moiules at field is

e, . = zs c, {35)
whers

S, _,s = number of moduies. of type !, used and on
hand at the " .se-ouif period., at field to
maintain a pre-estailished level of per-
missible unrsadiness,

§. .. = 8 [support alternative, u(u,A)] {references
) appendix III and appendix VI.:}
4.2.2.2.2.4 Cost of Higher Asssxhlies - The cost of higher
assemblies, at Ileld, ie,,,) is '

Cf” . :;_’.S;_”:‘ | {386)
wiere

§ _,,= nuwsber of highsr assamblies. of type i,
- used and on nand at the phase-out paricd,

44




ot

at field tou rslatain a pre-established
level of perrirsible unreadiness,

S .t = S{support alternative, u(u,\)] (references
: appendix III and appendix VI,

4.2.2.2.3 Cost of Transportation - The cost of trznsportation
{ct) is counted as part of organization or depot costs,
(See paragraphs 4.2.2.1.7 and 4.2.2.3.4).

4.2.2.3 Cost at Depot - The cost at depot (c,) is represented
by

e, = ¢, te,  tc, +o,  tc,  +c, {37
where

c = cost of personnel at devot,

c,, = cost of facilities at depot,

c = cost cf spares at depot,

c = cost of transportation at depot,

c, = cost of utilities at depot. ard

c, = cost of line item at depot.

4.2.2.3.1 Cost cof Personnel at Depot ~ The cost of personnel at

depot (c, !} 18 represented as follows:

Let

- the mcdule repair demand at depot

4

(rl +q1 ) Lmn! -
i

where r , q are fractions of { tal module failure population ra-

L

torned Irom organization and field, and

N _,, = the higher assembly repair demand at depot

E(rg+q3)LE§n(_ \

A { —n

whare r_, are fractions of total highur amzembly fallure

popnlation returnad from organization and £ield.
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Since thera i3 essentially a constant workload at the depot,
ratheir than the standb -/work situation that existe at the

field and organization, ¢, cau be expressed as follows:

¢, = LE [%(rl+q1)nl_lki_') {38)

+HE(rrqIn, M, 0 e,
1

mean repair rate of modulesg, of type i,
at depot,

= mean repair rate of higher assemblies, of
type i, at depot, and

cogt of labor, direct and indiract¥*.

4.2.2.3,2 Cost of Facilities at Depot - The cost of facilities
(c,,) is represented by

Cat Bcd?l+clft (39)
where
€,,, = cost of material for maintenance of facili-
ties at depot, =znd
c,,, = cost of material for maintenance of test

equipment at depot.

The statements in paragraph 4.2.2.1.2 are applicable in evalua-
tion of these costs.

4.2.2.5.3 Cost of Spares in Tepot - The general equation repre-
senting cost of spares in depu. 18

£ .l v =]
Cou I T T T (40)

vhare
C,,, = cost of parts,

c = coat of modules, and

*Ba¢ appendix VIIT for depct labor constants.
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¢,,, = cost of higher assemblies.

4.2.2.3,3.1 Cost of parts - The cost of r_rte at depot (c‘.,)
can be expressed as
cdnv = LEZQI «wni -pd)\( -0 (41)
Alsgo,
cd«v = Nr—pdcv
whera
N = total part repzir demand-depot.

rpd

(See paragra h 4.2.2.2.2.1).

4.2.2.3.3.2 Cost of Modules - The cost of modules at depot

(cdll) is
cdll = %si-ldci (42)
- where
S, .. = rumber of modules, of type i, used and on

hand, at the phase-out period at depot to

obtain desired cperat:onal readinaes for the

equipment.

S, ,s =S [support alternative, u{i,)\)] (reference
- appendix II1 and appendix VI).

4.2.2.3.3.3 Cost of Higher Asserblies -~ rhe cost of higher

aasemblies. at depot, (c, ) 1is
=
cdl‘.s = {Sﬁ...rséc', {43)
whars
5, ,, © number of higher assemblies, of type 1, ussd
) and on hend at phase-out paricd at Jdepot to
maintain a presstablished levsl of permnissilles
unreadinaess,
o ne ™ Simsuppor: alternative, u(; )1
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4.2.2.3.4 Cost of Transportation - The cost of transportation
associated with depot (c,, ) can be expressed

c‘! = cd!o+cdtf (44)

where

c = total cost of round trips from organization
to depot, and

c,,, ™ total cost of round trips from field to
depot.

This formula is evaluated by means of the following:
Cooe = [N, _J5+ (N, Iz le,,, (45)

and

c!.tt = l"Nr —ld)q1+‘Nr-:vhd)% }cdtt

where

r,+q, =1, where r , q ., r,, ¢ are as defired in

4.2.3.1.

édto = mean cost of romwnd trip between organization
and depot, ard

¢,,, = mean cost of round trip between field and

depot.

4.2.2.3,5 Cost of Utilities at Depot -~ The cost of utilities
(cdg) is

= + :
cdu Céui Cdub (46)
where
¢,,, = cost cf power and
.
C,., = cost of huildings,

Normally, this cost will vancel out when taking Jdifferentials
corresponding to different alternativesa, L f it does not, a
cost analysis i{a& required,
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%4.2.2.3.6 Cost of Line Item - The cost of line item (ct) can

be represented by .

where

N,

4.2.2.4

[of
y

c, = W, [T+(L) (M) ]+N_, (L) (R)+(N ) (D), (47)

= member of new line item introduced into ihe supply

]

system. The value of this factor is necessarily
user furnished data.

cost of introducing a line item into the support
system. The value has been detemired to be approxi-
mately $34.09 per item,

life of equipment
cost per year of maintaining a line item in the a3upply

system, The value has been determined to be approxi-
nately $19.00 ner year per item.

= number of stock items repaired by depot. The value

is furnished as user furnished data.

cos: per year of maintaining a stock item (recover-
able) in the master repair schedule (MRS). The
value has been determined to he approximately
$29.00 per year per item.

debit and credit ccstas associated with inventory
accountability and storage for item repaird at the
depot. This refers to a documentation cost, and
has been determined tc be approximately $14,.00 per
repair actiomn.

= costs at factory

In these instances where factory maintenance ie planned as an
integral part of the equipment maintenance/support policy, the
~o8ts connacted with performing the services at ractory will
be approitimately the same, or scmewhat less, than wuld ke in-
curred i7 the work were done at depot.

The values of M, R, D, and I, are determined by -“ome Air De-
velopment Center’s Technical Report 65-214. {(For all these
see appendix VIII. The values ot the other parametera

values,




are veriable wita cthe system type.
4.3 ost Analysis Structursy

The acqguisitior and suppo:st cost elements presented in the fore-
geing section may be viewed profitably as consisting of two
commor. cost categories. 71hese are recurring and non-recurring
costs, In the following tables (5 a)—(dl and 6(a) and (b)),
acquisition and support cost are identiried ir terms of these

corc catagories.

Tne rationale behind the breakout of both acqusition and support
costs into nonh-recurring and recurring is that it simplifies ide.-
tification of distinct cost elements, and of equal importance, it
points up the significant areag of cost tradeoff (engineering and
fabrication).

4,4 Cost Decision Element Matrix

In general, it will only be necessary to" evaluete the difference
between two altematives; where more than two altermatives exist,
the procedure is to systematically eliminate the poorerchoice
dltermative by direct comparison of estimated cost differences
(being assured that system value parameters are satisfied by each
altermative considered).

Figure 5 illustrates a tabular procedure for evaluating each
element of the cost model. Provision is made, in figure 5, for
the evaluation of two alternatives. Oniy the elements that
change, from one aiternative to the other, will be required.
Once two alternatives have been evaluated, the one yielding a
cost advantage is retained, and the other alternative jis no
longer coneider<d.

50

b € sttt mrr e+




BIUBWATT UOTSTOS 38065 -~

S wanbilg

T3 - T RS U AR I 3800

3 I BT LA

A Lraroes
=) WDY AWy
ng FRVHT LA,
e ucyarriodeurery,
3p sateds
g BHTITTION
wp TBUNOB T B3

P pYs ot
33 uoyrIxodesue ],
oy saxrdyg
X3 EDIIFTIORA
my T@LIOER T whe]

3 PLeYs
30 UOTRIY I ocdmu~2y
- Lol vz eds
30 RHTIT LT ORS
W FBTILTIONG
o Tau R B3

. U0FIETT UG

(31 8 e —

1 WO TIE LRGN Tk WO #UL’]

b 4 3AIMIAXTI P BTOWL

3 suswitnby jgal

I ST R

1 WOT e Y RIBU]

X WOT LD AR

R . e N U1 a8
( ) - AGTIOG {D) IuswmTE IBOD

e T

() de3s

-
')




HRAY T T LI e

A HE e

SRR o A

b 12 RPN, L i TWESRRE &

s -

)

XWXIXRTXOX] 7 777 7 T ooqer [elsw/TeoTweyD
A X XXX T i aadg -qel spaepue;s
RN XX Mux -HM drnbg °‘qe spIepuels
XYX XXX 177" 7T~ butaassurtbua asnyea
o _ _N.xiwqwkﬂl!!i}liéi AyrIrqeurejutren
] IRXIXIO XX 7T c1RaE 3 suor3IdIpaad
XXX X T -reuy ¥ burzzodesy arnired
. XXX XX °ddv 3 uoy3oayss 3rwd
W TR Xt 7T T metasy ubtsag
: . i — . — . . [
M%KAW:N%K%MMWM T © [suuosIad - qel HuF
o XI¥IXIXI[Xx  dinbicavauy - qe1 buz
{1 'x!xxpilxT T dynbm 3ser - qeT bug
XXX | XX #;ﬁ | ST Tt 97T TOAIUGD
xwxww4mwxﬁﬁz(w: :w‘. 1 " uotadsnpoaday
XXX -~ = puraFeaq
i . ; -
m ,wdw%;qux X ubisag [PIN3IONIIS
| W XXX XX 7 ynoleT [2OTURYOIW
N XXX W4Mw%zMM}MW1@II guotT3eoT3Toads
h;&%ﬁ xwxmxﬂtwi+;# dn—~-mo1iod Axojoeyq
o by T lE T 7 uotaenteam ® bngsq
P : XX xLMmMHWmmﬁuaz\wﬁnmUdﬁ:ouuumusH
A XXX X |1X burbeyoed otTUCIIDITH
A XIX XXX T ubysag TeuctIOoUnd
o ~ S [ XXX XXX '~ suoy3eorjrosds
d,dra 3‘S~S.dw WD t
; v »
FEeaEgE EeEy
TEREI T ER Sl
*335% *33%°
= B B o 5 o
] =

Puta«MOoFR DburiIandIx~-UON

TToBdURLAN@EY Aonpdadd

jaoddng butzasut buld

NOILISIAOOV -SINE@WATI NOISIOIA 1800 -

B4

TR QT Ue YD ag

P, M [A0¢R OF REPE T~ ) Mm.w.

uct3veaboy

1800

(R} ¢ HTENL

e ey FZVAR

e
(Y




UoT 321UNJ JTPpnV
ubtreag °*3uod TaTuedsg
Huy Touey TTIIADICW

butsneg
putpueH 3disnay

AP

25> 26 XA
P M e

TR .4

T bButataos,furdaty
- but Inpayoss
*3e suydang/ ¢ o
T *3RW 8J03S payfroaun’
T *3BH £53035 UOCTIBUIWIOT
T 7 *3EW 824038 3oulay
T *3ep 883018 pooH
*31BeW aduesIny
TIU0D URTRTIAATC (erTIelen
*3snfpvy °juaaAujl TROTBAUG

oo s

¥ b ¥
L TR

IR e e T K R T

be! !

e XX X K

> 5 5 ¢ X 3¢

v)
pA
atad
o
Al

IRAN

PR &

ot e e g e o o i
. ! |

MMM X M

]

TOA3U0D AIojudaul

NI
(>,

e

T xoqe 3saJ Tewrod
N . IoqeT 3831 ssedoad-ul
- T Atquessy
. © BuyTpueH IBTI3jeN

Y XX

e
Mopd I X
XXX I

™

!
% NNNL '
' x

eary A TR sy

-
e

X ‘ T MIOMIY IWOIAND
X *3ute juswdinbg
Y T B8®DOI4 IV

SE3IDOUy TTed]
X *O0Id UCNTIRZTURYOSH
S T T T spoyaan
- T e /um DUTANIOR INUER

P e S T ey ey yerR g

&
Lo
-
8¢
>

Rttt
fadtad tadta:

4

b 4 eI

+-
v
i

5

+

5! 3] o4 ¢
»

ottt

el

3xed
o TNPOW
ausuodwod

jusudinbg

3aed
oTnpow

juruoduo)

ucTtirsTnboy

we3sis

Jqeudyinbg

N
-

“sA8-yng

8B
burazNday Durrandax-uoN

{3UCD} NOIIISINDOOV -~SINAWHTI MOISI »3ad ILsSOD - () o A'8VL

oy
Wit




KRR ] “
i __ T;*un X Wﬁ Amu_n b’ o mWﬂM&WﬂUﬁ%ﬁM i,mwm C.w.m@s,w
R e
| MWﬁW‘x%% x| x * *f{oxd axoddng prHi
_ XIXIX[X'X[X o T sanad s3ded aawdg
w X/ X KTN?,X“N ) _cTeag wexboid iteday
.* x| x[x[x].1x TUT T T BUTUTR AL
| XIXX[R X I ST9PON ®OTALHT
m X XX{X X i i T gTopow sodAnonaxg

wLxJn Val t vt T 830TAUSE PBsRUDITJ

oo FIRIXIYIRT T "3o0eT3UuCOQNS 03 S9aoURAPY
_ | IR R RXTE - 8521198 9ykicdroonImiulr
_ i XKIXiXig T 8839TAXSS jIoexjucogns
m . T T butgw:on &

XX X[X[x]X T ©dypny

XX XX iX|X I R S TBWS3I YOUPWAOFUOL-UON
XTRTITIXIX - - UO 1eo138 153835

XX XX 1 i - +d=s “YOPW/ TENSTA
XX Try 1 ,QmEH .umz paseyo.i. A

X[X'xi% Ji_f TBDUDTTY” VINS XOPLTy,

‘M4W+W@Mﬁ‘4i; 1 4y . . ) TOIZQGH AT Tend

XX, 2 XX , 3-TeW *dInbz ,s83%

X|xizixpxixl | T T T eqryed cdynba 3884

x| X'x{X|x|x] ! " §2aINPadoId I8IL

| Ixtrixixix x " UOT3EDTITFON EdO
: ! ! T f,s,-maﬁuwwaﬁTHL B

XXX XXX T T T T e e acﬂ. BUT DN W

X|XIXIX|X|X i - ) - o TTodaug Teno

A T - R Ol A rmTabs

?,.mmmimmmﬂ HoT3 ERTbI

+ ¢ # | e e Vi .ot
AT TE

2 - o £ w
23 35
putzavoay FUTrINDIB8I-UON
*(3U0D) NOTLISILDOOY -SINIGWATI d0ISIDZT LS00 - (9) A

T

T GCO)

e

By WL ARW Y

RIS

IO GY T I




—r - ——

T e P et RPN T AB . A v ptlrm -

-

HUTIINOSY burIandax-ucH

TR TR e — e L et BUTTY
X XXX T tetoeds
X XXX _ DIVDURIS )
T T AZGROv
XXX 1 TTTTTTTTTTT Yeyoads
_ XRIRT paepuess
“ - o jodzq
XXX o T preta
XXX T st ez TuR B
._ - .m..u.ﬂl IW; tx:mm -QH.U;O.H.. ..w
H XIXxix T yetosds
H XXX pIepuesys “o
M R I SO
' XXXXT 1 TeTosds :
TRXRT ™~ paepueys w
| . e edag :
XX 13 PIeTA
XIXIX]X e gorsezTue b0 P
- T yuemdt by 483L 0 "4 .
wEQ BV Nnkkh X 0w
FECEESEEEEEY T
“EREes 2B ELE
5398
s 857 "R BW
5 9 - R _
ot ot o B838CH

*(3u0D) NOILISINDOY —SLNEWITE NOISIODAd

LSOO - (i 5 FTIYL




‘e

e

Y

POTAAREES e b D iy B Wi, e v et i

Bl - et at N — —— 1‘1 T S
.
|
H A XXX == s2TTqUaRsY ISUETH
XIXIXiXiX ‘M saTnpo
XXX gaed
: wsorody
1 3 X TLUTRW X037 BTSIIDIRW
) 3 SOTIT TN
#4 w%N XiXIx M.Lv T T T T . T OO X PE
“ v e .i.w n.r‘wsg&..‘.m.
XX X{X ‘sOTTUREIY Isybte
! X XTI X XXX _ T gaTnpowW
‘ XX[XXE g pred
- gxxedy
X EIXIXIE *dinhz 21885 a0 TeTIozeN
XIXXIXT¥ *3UTeW IGF ITRTIDIEW
XXX XX 8aT3TTIIN
i FATIT TR
! XI X X1 XIX[ X! TSR X @Y
_ Wﬁ”{ | PTeTR
Xi Xj XXX VOTIE IO R,
XX X X X X . SOTTUOBEY ZSUDTH
BB BAR bis SaTNPOW
! XiXIX1X ——aj3xed
M , ) goredn
” Xi ¥ XX *dinbhy 383 XCI TeTII3EN
XX XXX X *UTeR IOF Te1ISATH
X! X} X} X} X] X] 8913TTI>N
! T " @sy3TITOoRd
M X X] X XIX1 X - T RUUCRI B _
i ] B0y 302 e A
| F§eFedrEs §ey
! u.m..wm £ 5 m.Nm:m Bt oo 3xoddng
: e g mn D = .m @ o
| o 3 E B o3 3« 38
o ® o 0w
M 2og 5 3.
o o o BEOD
butzarnay Huraanosax-uoN
JAOAANS — SLNIWH'IZ NOISIODAC L5300 oYy TTIEYL
IR e ———— A N




- PO L IO TILAONL D PR -

Aaojzmns ¢

-,.
L8]

o T Bl

SaTITL T

furaxnosy burzaundsi-ucN

(*3w0D) J¥Odans -

! x_x Xixix|x
i ITXIXXIXIX — = 3TP2ID % 3ATADC
| XXIX1¥iX:X 8K
‘ X XXX XX EOU=SUIIUTER
' XX X X1 ,..le!g!....zf.ﬂu.cz
i i XIZIXIXIXIX . abuiptTIng
XIXIXIX|ZIX 4 - 3 B3O
LiXIXjXiX]X — pTeId
FIXXIXIRTY] uorarzTURSIC
ziglals i 3|5 le 5ot
81 . &in glo'ix
o |G FG 1t | et nqm Pl g jor
SHAE G AYE
O b o uvmw 3
218 la @
219 | i3l
e+t 3 3_

SLIBHITE KROISINAT L8X -

“nrpeesrodsuenr Y (T3uod)  soJdery

o xoddng

{qy o FTEYL




I SRt .

e

5. TIM: PHASED VALUE METHODOLOGY

5.1 Technique Philosophv - The basic rationale o€ the value
allocation review technique consistg of directing the sellers
to cost and value goales which will make them more competitive
thrcugh cost consciousness, based on increased awareness of
procurement item requirements and the competitive envircnment.
Basically, the technigue presumes compctitive beshavier of the
seller in a dynamic situation of increa:ing information con-
crrning both product requirements and competitive environment.

Given a value incentive goal, the potential seller will have
the capability of usino the following strategy:

a. He will assume that he is in a position to repeat or
outperform his previous cost position, because of the
additional insight gained in past performance.

b. He will direct himselfi t development of cost structure

compatible with the value goale,

Thig cost structure must be directed to a cost at or below the
buyer’'s cost aliocation targets, if the seller expects to re-
main competitive, The result of the buyer’'s specifying a cost
goal i1 tc shift the mean amount of the total cost responses
toward a lower cost., Additicnally, the magnitude of cost
difference between the cost allocaticn carget established by
the buyer and that eastablished by the seller will be heavily
depender:t upon the seller’s known competition. Thus, the
taller must direct himself vo establishing a cost goai which
will be below that of his competitors. Reccgnizing that his
competitors are striving to achieve the contract award, his
cost goal muat be predicated additionally, on the cost goal of
the competition. This latter cffect provides an additional
incentive tu reil e the target goal still further.

5.2 value allocation Review Technique (YVART)

5.2, Backgroupsd - Value engineering may be viewed as divided
into two application phases:

a. Proposali Fhase, and

., Unntract Peviocimance Thase.
The objecriva of valua engineering in the propesal phase is to
avcid unngcazeary ¢o#ts by means of a detalled examinatior and

allocation of proposed program coste (See figure 6 {(a)). In
the oontract partcormance phase, the chriective is to ipplssert
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tne cost3 developed in the proposal phase, thsn to determine,
periodically, if the a ount of the costs should be continued,
rsallocated, or reducec (See Figure 5 (bh)).

In our free economic system, the optimization of value with
respect to resource cost may be viewed as a game of strategy
involving the buyer and the competitive seliers, several
kasic assumptions being connected with the proposal and con-
tract performance phases as follows:

a. Proposal Phase - It is assumed that the competing
sellers will spend the full amount of contract (at
least). This assumption forces the attention of {
the buyer to ensure that the bid of the winning
seller contains no unnecessary coet, Further, the
bid by the winning seller mus:t be ccntrolled tc the
budageted amount.

b. Contract Perforiance Phase - It is assumed that the
sellier will try %o increase the scope of the contract,
i,e., to cover an underbid, obtain return from cost
reductior, and the like, It is also assumed that the
pressure from the buyer may force the seller to ful-
fiilment of the prcposed cdesign, even if superior
alternatives have been developed (a natural aspect of
risk).

5.2.2 Technical Diacussion - The value allocation review
technique involves tour fundamental eteps in itg general appli-
cation form. These steps are:

a. Step 1 - Allocaticn of value/cost goals to the pro-
curement of items by the procuring agency. J
b, Step 2 - Allocation ~f valuve/cozt goals to deliver-
able i*2ms Ly the competitive contractor.
c. Step 3 - Allncation of value/cost goals to item
elements by the competitive contractor.
d. Step 4 - Review of value/cost psrformance by the

contractor.

5.2.2.1 Step 1 - Procuring Agency Allocation - The buyer and
his agsoclate englneering ataff sre, in most ~ases, in the
bast posicion to obtain a value/cost yoal. This goal should
be part of the work statement provided tc¢ the sellers., The
goal ig established using sxperience data applicabla to the
itemi{s) beiny procursd:

P PGP X .
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In genersl, the cust goal usad would be that of the most simi-
lar and recent acquisition by the Government, orocured in a
competitive environmenc. The cost goa. would depend on the
number of items of a type heing procured. A first step in im-
plementing thess buyer’s goals would be the develcpment of a
value/cost similarity library. These goals should be indaxed
to pormit Aetermination of:

a. Previous procurements which are identical to the
current item,

b. Items having the same value, but not the same dataii=d
specif cations.

c. 1Items having both different value and/or detailed
specitications.

This value/cost similarity library would ultimately provide
correlation for value/cost/time tavgyeting for procurement
agencies.

5.2.2.2 Step 2 - C ntractor Value/Cost Goal Allocation -
compet.tive contractor will have at his disposal, or should

have in order to remain competitive, the {ollowing procurement
cest goal information:

4. The amount of funds that the procurin? agency has
allocated for the items (if available).

b. Value,/cost goal established in step 1.

c. Appraisal of competitora based on cost of gimilar
items.

d. Self-appraisal, based on in-houre iechnical capability.
This cost goal, at most, should ke the least of the anticipated
costs in a, b, ¢, or 4, above.

5.2.2.3 Step 3 - Value/Cust Goal Allocation to Item Zlexents -~
Value/coet goals are prorated to item elements, based on theiryr
contributions to item cost, Thesa goals are ertablished as
follows:

a. From Step 2. the total of the itam value/cost goal
{(T) ir established.

62

PR T

Sty




b. The allocated value/cost of an item element is es-

tablished from .
T =kC, (48)
und
Tl 4T, 400 4T 400 T,
where
T, = zllocated cost cooal cf the item/task,
c, = pxperienced cost of a similar item/task,

and k in establlshed from k= ’r/';ﬁCg
1

3,2.2.4 Bupp 4 - Revies - The allocated value/cost goale are
reviewed at pre~determined moniter points on an item basis.
Tradeoffs and/or reallocation of value/cosl goals between
equippent packages are perforrned where rejuired. Xt all times
the value/cost goal 18 reviewsad with respect to total expectad
recur.ing and non~vecurring costa,

5.2.2.5 Ualue Risocatisp Review Technique Engireering Team -
There are three fundamental areas of tradeoff oper to a
poatential contractor in & comperitive bhidding situation. The
areas invelve bota recurring and noa-recurring costs:

=, Engireering —osts
b. Fabrication cosis

c. SBupport +3d operation costs
Erisaring that the total cost ploiturs I8 belng svaiu ted and yeé-
wiawed will regquire a% 1l poi-*s in the oroprain the courdina~
tion wf rhe discipliner of dosiyn, production, i procurement.
Theass activitias related on an item basgis, consiilute the
functiona of the valus ~lincatiaon review technicues lezw, a4
iijustyared in figuye? .

A fundamsntzl practical problenr exists in makang the Jdxsign
enginescsy -salue/cont-conscious, Many tachkaiguss. sach as
Zarc Detfets prourams. coat raduction, .ncentive pay. snd the
iiks, rave baen ueed to his emd in the past wilkh varying
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degrees of succewus, but 211 lacking in consistency. The major
difficulty in value achievement at leasmt cost lies in the
designer’s lack ot Znowledge of manufacturing and support cost.
Thus, vwhersas the designer mav guite adaguately estimate the
cost ir terms of labor hours for his effort to produce a design
o meet requirsments, he is most frequently at a complete loss
to estimate the cost implications of .anufacture. Conversely,
the productior engineer is in the zane situation with reepact
to design coets. It is only through coordination of the engi-
neering disciplines that neceusary cost consciocusness can be
achieved.

5.2.2.6 gegtggggggﬂgfglkg tion ~ Vaius allocation review
technique may by considered as an iterative procedure involving
the f21lowing routine:

a. Eastabiish the system vaiuve/cost goal.

b. Allccate vzlue/cost goals to items comprising the
system.

c-. Perfora tradeoffs to achieve value/cost goals.
d. Analyze varfation from value/cost goals at item levels.

e, Realiocate value/cost varlance funds among itemse. to
ensuce achleving tha system value/cost goals.

£. Tezt the sensitivity of the initial vaiue cost systex
gonl by systematically reducing the cost goal in {(a),
and repesting steps (b) through {e), until the walus
goal is unachieval:ie.

g. Dzvelcp bid cost.

h. FEepeat stepz (¢} throuwgh {e}! at each scheduied monitor
point 2t the iiem levsl. :

2l 40 pf Cost Variance ~ The tolal ceost ¢f 2 system
zified =89 followss :

T=ASE, | {49}

whsre

A » cost of scguigitisu, anmd

$ = cost of support/operation.
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Looking at the dynamic situation, it can bz said that

AT=AM+OE. {50)

ggiuggggg costs related to non-recurring costr ~ The rscuvring

and anun-recurring costs are i1dertif:red gnd re’ared to costs of
acquisition and support as follovs:

T = A +A +5 +3 (51)
where
A = pon-recurring costs of acquisition,
A = recurring costs of acqguisition,
5, = non-racurring coste of sdpport,
S, = recurring costs of support,
and
A =%c
LI {~na
Ar s,;:: 1wpa
§,~gc, ,, and
srg{;:i a2
whera
c, .. = pon-re&curring costa of %gquisiti@n of item {1},
t-xa * TeCUrring st sf acguialtisn of ites (1),
T e = non-racurring Sﬁﬂt:cf support of item (1}, and

= recurrine cost of suppert of item {3},

T c— e - - . e

S i U O NN

A = RO 1 AR T
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Let Ac , with the appropriate subtcripts, desicnate s change
in the costa as a result of tne followings

8. Traleoff between dasicn and fabrication.
. Dlesign altsrnacive selaction,
¢, Deaiyn,/support alternative selection,

The exprossi~n vz change in total cost of an item (i) becomes

Ac, ,#Ac +he +Ac

funa | Y 3 i-ns+6cl-rl' (52)

To tain the breck-even cost, let

Acz_t=0,

rearrances the terns

(4o +ae, | )+({ae,  +Ac $=0,

§ =t a e { ~r8

&nd guuming results in

(ZAe, , +3e, )+ (e,  *fe, ,}=0

N 8 e o =p 8

The above sxprsssion means that for evely increase in non-
sasurring cost, there must be ar e valent decrease in re-
curring cos~, in order not ‘o chance the total cost,

£0

p~tg-go related to cost expanded - At any point in

M s
&t

® pr

th ogram dsvelopment, cost control is concerned with two
sstimates;
&, Estimate~to~go (c1 ‘} , and

. Amcunt sxpended (cs__) .

The allocatad value/cost to the item/task packags (i} should
sktisfy the corndition

B e T e e S
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and Tt§ct-2cq- -5 (53)

[} 1 =0

and using the equationa developsd previously

T.A‘i l+& ii/AP l“‘p‘f ‘?SB I+sl .+s!’ !+SPQ ‘54)
and
(T+ATY= (A +L4A )+ (R +AA )+...+{S  +48 )  (55)
where
Ah‘ =Acquisition, non~recurring cost-to-go.

e =Support, recurring, amount sxpanded.

Proposal phase - The proposal evaluation toward the value goal
is made on an estimate~to~go basis as follows:

T=A *A 4§ 48 . (56)

> .
If T-Ahs+a}'+s“‘+s,‘ (573
Submit the goal to sensitivity analysis, and if

TR (A HE S (58)
tradeoffs must be parformed to achieve the cost goal. If the
goal cannot be achieved, the feasibility of the bid musi be
evaluated.

Cgntract performance phase - At each succeeding coet monitox
point in the program, experditures and eatimates~in-gd must be
established for each item/task. By task /packagn, these asti-~
mates are summed and compared with the target cost goal for
that task packag=, Where the cost-to-go is excesdad, tradacifs
are required petween nen-recurring and recurring cost, to msel
the csrget cost goal for that task. Where tradeoffa fail to
achieva the cost target goal, variance fundz fyom other task/
packages ure reallocated to ansure tha. the overall target

cost goal will ba met.

©8
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The basic critexia for selection of candidates* for valuz im=-
provement are eysentially the same as those used in estadblish-
ing the value/cost goal allocation. These criteria are:

a. Similarity of item/twsk to previous value/cost
performance rscords.

b. Identifiable risk involved in achieving the value/
cost allocated goal

c. Difference from the allocatsd value/cost goel.

It should be noted that criteria (a) and (b} are in fact com~
ponents of the value/cost goal allocation vhich may be sstab-
lighed by the buyer or seller. Thu#, the key to selection of
potential value/cost improvement rests in the analysis of the
diffarences from the value/coat goal allocation.

From the defined objective statemant, the rates of return per
unit resource cost can be established. The cost difference
for tha value/cost goal asllocation are given as fcllowa:

. LA )
Ac! _taé'i -t n*l‘"ci -p |+A¢£ -8 “Aci Y (59’

This expressiocn may be either positive or negative. Whers a
positive diffevencs existe, tha item/tazk {i) bscomes a target
for value/ccet improvemant. If these item/tasks are . anked

by order of positive cout diffsresnca. itsm/task prafarence
“iilstings axy obtaired. If constraints exi.*, the rescuzces
must be sxpended in such a way that the constriints are not
violated,

At any point in cthe program, coet wariance is obtained from
tha monitored expresaion for the asquipmenc/task package {1},
i.e.,

Acf. ',EA‘A% i ;:+£‘\"A§, ety 9+;‘\A’- - :+Ml -y q (60’

a g 3
@Asi -2 ;+ASs 'y 5+A"§ -9 .-+A" t—vg”

¥8ae MAppendix I fcr wdditional notes on the 2el.ctive applica-
tion of value aralyais.
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Figura @ illustrates the tabular format for reviewing, evalua- .
tion, and reallocation of project funds.

Figure9 illustrates a charting technique for monitoring cost .
with respect to the system target goal. Varviation about the

systen cost goal can be anticipated as the program progresses,

but convergsnce to a system cost below the target goal can be

anticipated. For purpores ctf comparizon, the progress of a

typical program with value analysis, as it has been practiced,

is shown in a dashed line.

5.3 Selective Applicetion of Value Engineering

5.3.1 General - Typically, engineering results are constrained
by several specific resource costs. These are as follows:

a. Time -~ Measured in terms of a scheduled delivery of
an item/task.

b. Mnoney ~ Measured in terms of dollars romaining to
complete the program cn schedule.

c. Skiil ~ Measured ir terms of personnel availability
and assoriated capability to perform tasks remaining
or the prograr schednle.

These constraints are not independent and are, in fact, continu-
cusly traded-off in a dynamic renearch, development, and pre~
duction program,

5.3.2 Dbiective - A basic objective of value analysis is to
marsha:.l the availabl: resources, which are time, monsy, and
8kill, and to Jdirect these resonrces in achieving a maximum
return rate in value per unit resource cost invested. This
object.ve ig beset with the probklem ni dimensionality, in that
resourze co8ts involve days, dollars, and pecple. As a nevessity,
these resources nust be traded cortinucusly, and this trading
will depend upon the specific poogyraa reguiremants.,

5.3.3 Critaria for selective applicatisn of value anzlyeis -
The fundameita) consideration of velue return per anit reeource
cost shovld, in all instances, be directed to totai expectad

cost, i.e., recurring and non-recurring oosts for enyineerxing,
production, ané support/operation.
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The cost variance of the equipment/task package (ij is the
algebraic sum of the cost differences.

5.3.4 Total oxpected cost variation anaiyesis - The techni-
que developed zbove 1s based on analysis ot the variation in
total expected cost. Two general constraints are involved,
systen value parameters (it is assumed that all feasible al-
ternatives satisfy), and acquisition cost goal. Because this
cost goal acts as a constraint, the question arises: How is
it possible to achieve a minimum total expected cost? A
further complication is that the technique does not require
establishment of total expected support costs.

The rationale which permits these probleme to be avoided is:

The allocated value/cost goal on the initial iteration acts

a8 a constraint, that ie to say alterma‘ives which satisfy

the acquisition vaiue/cost goal are aystematically evaluated

to establish a least support cost , based on support cost differ-
ences between alternatives. Secondly, the value/cost goal

stould be variad. This permits evaluation of these questions:

(1; Will an increased acquisition cost produce an off-
setting support cost difference to justify the
increased expenditure?

(2) WwWill a decreased acquisition cost be offset by an
increased support cost?

If the answer is "ye3" to either of these questicns, the
initial value/cost goal is near optrimum. If the answer is
negative, alternate proposals should be submitte

5.3.5 Summary - The value allocation review technique consti-
tutes compiete revision of the existing pproach to value
analysis. Excessive costs must be initlally avo:ided at the
proposal phase to achieve value optimization. The approach is
direct, in that it recognizes the competitive ervironment in
which the buyer and seilers exist, and is directed to the causes
irvolved in the generation of excsasive ccst {lack of control},
Cost accountability, being estaklished on an item/task total
cost lkaeis, forces cost cunsciouvsness upon the design, fabrica-
tior, and procurenent fuactions as a team, and permits tradeo.fs
to ba made with excessive cost areas.

Although emphasis has been placed on the Government partici-
pation in estahnlishment of coat goals. and upon a competitive
environment, the technique ia equally applicable to situations
which do not contain these elumants.

~3
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The valus allocatlion review technique is directed to the
achivement of:

b.

[

e

d.

Conpatibility with the competitive environmsnt,
with the net effect of sha ing compstition
while narrowing the field of competitors.

Compatibility with standard o tivity network analy-
sis increases the overall (imeliness of achieving
accurat2 cost performance ectimxtes.

The technigue snhances contractor operations as
follows:

(1) Reguirea essantially no additional mansgement
effort.

(2) Permits relf-appraisal hy pectential Didder.

{3) Permits eztablishmert of cost control mecaaniswm
and control leveie for subssquent program
phases,

(4} Provides criteria for directing and selacting
vendor products and cost goals.

(5) ILessens the tendency towards redundant costs
in a proposal.

The technique also creaces value/cost awareneas, zs it

(1) Porces cost zwareness ang accountability on
dasign/manufacturing engineering,

(2) Forcee tradeoff wmmOng engineeriny, manufectur-

ing, and support co.: (tradeotf betwae. non-
recurring and recurring costs).

e T

e
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6, THE DECISION ENVIROMMENT
6.1 General

This section presents the fundamantsl concepta, the working
definitions for the value methodology, and the program time
frame in which value analyeis must be porformed. For the pur-~
pose of this study, value engineering ie coraidered to be that
discipline concerned with analy:is of how systeam and equipment
are related, whereas system engiueering is dirascted to analysis
of the relationship btetween the mipsion of the aystem, Thus,

ag the systems =ffectiveness arulyst is related tc the system
engineer, 80 i3 the value analyst relzted t0o the design engineer,
¥ictorially,this relationehip ig shown in figure 10,

The elements coumun Letwesn s;stam effectiveness and aystem
value are the hardwars/software to implemsnt the system and the
related support aspects., Additionally, the interface o5f systems
effectiveness and system valus revalves about the method of
implemerting the funectiosn, In general, this wiil involve hard-
ware, but may relate to processes, schedules, and the like-
anything concerned with program schadule, total expected cost.
or perfommance.,

8.1.1 Definitione - Like any other predictior/measursment tool,
value ecnqinearing ce be pr dicated on an axiomatic sst of
assumptiong, dascrining as reslistically as possiple the ground
rules of the discipline., \Value, for the present purpoase, is ap-
propriately viewad zs the vtility of a proposed sysitep - equip-
ment ¢3 the users, maasursd n terms of monetary ralae of an ac-
chisvad ohisct.ive, {Referencs eqaation 2, page 9, sec:ion 2,2.2).
Whare the obiactive and .ita value are specificd and fixed. the
relative valae nf an alternative system can be Auscribed in terms
of its capabillty for achievement of the objuctive, For military
systems, *thig ~apaniliiy iz gquantifiable in termz <: performance
maacurss of the system’s 1tility for jts anticipated mission
wafile,

Ths term “"obiestive” mav be copsidered synonymous with the toim
"fanction” as used in value engineering litsrature,.

Value engineering .enalysis ilg a gquantitative and systematic
wathod diracted to the achivemant of specifiel performance
abisctives ¢ i "9 or yreater than some pre-assigned value at

winimm rescurce sxpenditure. The tem "systew® is used in

this repert ai an achievahle objective spacified i+ terms of
perinymance psrametars, which srs transioruxbls int. nardwars,
snd/or procssses, ond/or achedules,
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6.1.1.1 System value parameters -~ In general, there are two
types of system value parameters. These are shown in table 7.
The basic value parameters are:

a. Design value parameters - These parameters egtablish
the design requirements imposed on the system. The
capability parameter is defined in terms of mission

. requirements. Each proposed design alternative may
e predicted with respect to satisfying the parameter
numeric. Generally this would be acccmplished using
modeling techniques. Demonstration testing may be
conducted to ensure satisfaction of the parameter
numeric, with the exception of the survivability and
safety parameterz, for which it may not be feasible.

b. Operational value parameters - These parameters describe
the use value of the systen.

The design and use value parameters constitute the total value
to the Government. Specific numerical .description nf each design
and use value parameter is to be provided by the Government.

Value parameters, as previously defined, satisfy quantitative
requirements, prediction, and demonstration requirements, and,
as importantly, they represent utility of the system to the
Government in terms of achieving an objective(s).

6.1.1.2 System utilization rates - The value of the aystem ie
related to the cost of the system through utilization rates
(See table 5). The prime utilizaticn rate is the operational
rate, viz., how much is something used. All other rates are
either part of the operational rate (training rate) or dcriv-
atives of it (maintenance rates).

L]

».1.1.3 Dependent variables -~ The system utilization rates,
operzting on design and operation value parameters, combine to
determine both acquisition and support cost. Thus, for a well
defined system design configuraticn (design and operational
value parameters specified along with hardware implemeprtation),
the total expected cost of acquisition and support mav be esti-
mated, using the system utilization rates. The system a~ili-
zation rates are intimately related to how the system value
cbjective is achieved, namely, hardware alternatiies., “nese
alternatives are, in turn, related to basic cost nputc of
acquisition and support.
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6.1.2 Informatior Adequacy - At any point in the system develop- -

men: cycle, the informatien upen which decifions are based is in
the form of estimates. Greater detail and accuracy may be ob-
tainad, but only at the expense of time and cost and, perhaps,
national safuty. To assure optiiality, information accuracy
sufficient to ensure that one alternative is superior to another
ie all that is required.

From the definition of value, ari its relation to tctal expected
coat, it is apparent that system value can be predicted only
with the same degree of accuracy as the basic value parameters.
Recognizing that reai difference in total expected cos: is the
principal criterion, information sufficient to ensure that one
alternative is superior to another is also sufficient to assure
that the minimum cost goal can ke achievei. This particular
feature is singularly signircicant, in that as the hardware ~on-
figuration becomes more defined, variations in ccat estimatiuns
for acquisition and support decrease. Further, for the purposes
of compacing alternatives, the points of differences between
alternctives may be singied out and, if necessary. greater
deta.l information acquired.

In gener=l, acguigition costs are best provided by the con-
tractoxr, since this is the source of alternatives and basic
cost inputs. In order to project cperation and support cost as
a function of design alternatives, the USAF must be the source
of operational parameters and specified cost constants. The
syatem utilization rates will be a j.int responsibility. The
utilizaticr rates are a primary target for sensitivity analysis.

The prospective contractor must compare alternatives and per-
form tradeoffs to assure proposing the least cost configurat:ion
meeting value requirements from the alternatives available to
him. Evaluation of each propcsed configuration in compariscno
with those of different prospective contractors is feasibie
only by the Government.

Yt is necessary from both the viewpointg of Government and =he
contracvwor that a common maichod of analysis he used for com-
parison of slternatives by the contracter and by cthe Govern-
nent. This 18 encouraged by the Government in advising that
propusala will be evalusted by the technique described in this
report, and recommending that prospsctive contractors use the
same methoed to evaluate their alternatives. Furtiier encourage-
ment is provided with the wveguirement that the contractor pro-
vide valite and cost data in format reguived by the Governmant
for comparison purposes. The prospective contracior will be

o e e s . A, S USSP DE I
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required to provide estimated acquisition costs and support
parameter values, to serve as bases for aupport cost difference
between alternatives of different contractors. The resulting
contract wiil incorporate as regquirements those cost and

per formance parameters upon which the decision was based.

6.1.3 Value Analysis in the Continugus Time Domain - The basic
requirements of the mathematical mode! or analysis technique

are that it be capable of application in the time frame in which
the problem exists and, additionally, that it be capable of
utilizing information of limited accuracy. The refinement
(closeness of fit) of the mcdel should be predicated upon exaci-
ness of *he information processed.

Throughout the conceptual phases of system development, decisions
ar : made sequentially with increasingly more accurate estimates
o system performance and cost, In spite of the relatively
inaccurate information available in the earlier stages, decisions
still must be made concerning alternatives, and to ensure that
the proper alternative is selected, the methodology of process-
ing available information must permit finding quantitative
differences between alternatives,

Figure 11 (a) depicts the broad cause-and-e¢ffect relationships
that in actual practice develop into a chain of events that
terminates in a deployed and operaticnal system. The important
features are:

a. 28 time progresses, the alternatives available for
subsequent phases become increasingly constrzined.

b. <<hanges in concept at any phase can be reflected in
terms of resource cost in subsequent phases.

¢. Input (requirements} at any phase may be categorically
related to previcus decisioas, or shown to be relatively
independent.

Figure 11(b} depi.tsg the same phases with feedback provision.
This feedhack is simulated in that alternatives at any phase
are extrapclated into the terminal phases of the system life
cycle., The value advantages afforded by simulated feedback
ara:

a. It minimizss constraining reguirements on subsequent
phases without tested, long-range effscts.
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b. It puimits relative svaluation ¢f alternatives

c. It permite sensitivity snalysis to be perforwed. This
type of analysis takes the following forms:

1. PIetermination of importance to norn-importance of a
decimsion, 4

2. Datermination of effect, if a change ia necessitated
in a subsesuant phase of life cycle.

3. Pointup of areas of high cost sensitivity.

Figure )2 providas a detailed picture of the system program
phasing. Opportunity for change exists at every phase and at
every level of system development.

Many alternatives will involve relatively simple decisions,
whereas others may be more complex. The aimpler evaluations
will generally involve only acquisition cost, there being nc
essential differsnce in value parameters, or alternately. only
differance in support cost. Another aspect which characterizec
these simpler evaluations will be the indspendence of subsegyuent
decisions involving the system. However, in gsnernl, paxticularly
of the more important decisions, the sequential aspect of the
decisions will predominate. The question quite nzturally arises
of the feasibility of being able to completely define a partic-
ular configuraticn during a preceding system conceptual phase.
The practical aspecte of this question are available time, cost,
and information adequacy. It should be recognized that as the
harxdware bacomes more defined, decisions involving changes ox
nodi ficaticne become relatively less imporxrtant than tne decisions
made at & previous stage. Furthsr, only sufficient information
is requirsd tu ensurs that tho best of the feasible alternatives
are meiectad, thus, information is required only sufficient to
ensure dominance of one alternative over aanother.

6.1.4 Method of Application ~ It is imporxtant to recognize
that equations are not keiy to be daveloped which extrapolate

design vaiue parameters in conjunction with oparational value
parzmacere into sxact support costa. However, from the view-
zaint of value anelyeis, it is not necersary to hava such com=-
prehensiva sgustions. What is necessary is the ability to
evaluate altarnatives via cost/psrformance di{ferences.
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The cost methodology aspect 59f value analysis is of primary
significance, since any required sophistication and/or infor-
mation and doccumentation may offsat advantages offered by th2
technique.

The primary advantage of the proposed approacn is that it per-
mits individual contractors to use their own cost accounting
systems. The only requirement is the ability to differentiate
between alternatives as measured by acquisition and support cost.

6.2 Value and Cost Analysic

The method of analysis is bansed on the sequential decision
proceases, characcerized by a logical seqguence of events. The
events a.s of threa typea: H

a. Feasikls alternatives.
b. Chancs events.
¢. Program schadule.

Tha approach is commonly treated in literature as a decision
tree,

This sequential decision approach is analogous to dynamic
programming, in that altern-tives which possess *_th contin-
gency events and subalternatives are evaluated, using a
backward eviluation procesa., This feature permits signifi- p
cant computational reduction, which otherwize could render
the technique infeasible.

Each sequence in the decision tree may be conaidered a strategy.
Associated with cach strategy is a resource cost. The optimum
resource cost is found by successively evaluating each alterna-
tive in the backward senre. At each common branch point,
rolling backward, the most costly alternative is climinated.

6.2.1 The Decision Tree - The technique to be employed is
most easlly grasped using the decision tree diagram. This is
shown in figure 3. The circled () entriss -epresent feasible
alternatives and tha boxed [ __ ] entries raprulent chance : {
events. Associated with each chance event is an estimated {
robability of occurxence (P, +.). Rega.lless of the speci- )
fic sequence chceen, esach GQLﬁCnuC rasulte in a terminal event
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*Aljk. . = a feasible alternative
a ,--- = a chance event
P, -+ = a probability of occurrence
’ of the fo’'owing alternative
or event,
Ti’k... = a terminal event
c, = the cost of alternative A, A, A, A .,..., represented

R

by 'I‘H ..

S

Figure 13 The Decision Tree
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(T, ,, »+s) which, in this case, represents a complete definition
of a proposed configuration of the systeir, complete with the
cost (c) of the alternative. The secuential decision tree may
be considered the sequence of increasing definition of the sys-
tem design, the branches representing alternate approaches at
successively greater levels of system definition.

6.2.2 FEvaluation of Alternates - The first step in the evaluation
process 1s the estaklishment of feasibility. Specifically, iwo
types of constraints must be met., These are, from the value func-
tion of paragraph 2.2.5:

a. t1§to

t,= time required to implement the strategy.

= allowable time limit,

E. E < E,
E = value of effectiveness function,
E_= minimum required value of effectiveness function.

Here (t,;) may be establ.shad using an activity network techni-
que and (E) is establisheo using either the standard prediction
techr.iques (reliability, maintainability, etc.) or a prediction
model specifically developed for the gpecific system parameter,

The second step in the prucess {having eliminated those alterna-
tives which do not satisfy either or boih constraints above) is
the estimationof the total resource cost. This may be accom-
plished using the individual contractor cost accounting or ac-
tivity network techniques. Starting from the terminal pointa

in figure .13, the more <~ostly alternatives are eliminated. Note
that an alternative is costed from the terminal point to the
highest level of asscmbly (tc A, if necessary) at which the
decision has a significant cost inplication, This procedure is
reiterated until only one alternative remains. The degree oOf
accuracy involved in the costing arnalysis should be guided,

as necessary , to demonstrate that one altermative is superior
to the other,

As an example (Figur= 13), consider alternatives Ay . axd Agaa s
defined as the decision to repair or discard at the moduie

level cf assembly in the event of failure. Ko design impiica-
tions are involved in the ducision. The cost difference ix in
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costs for sparos, personnel, etc., for repsir oy replacement

of modulen. In this example, no additional coet difference

is raflectsd irto the higher assembly level (A;:), or higher,
and theref.r2 only the cost difference at module level need

be considerced for the decision., Other alternstives may require
conaideration of cost differences at multiple levels of assem-
bly.

6.2.3 Concept of Cost Analysie, Inputcd Cost, and Risk Cost
Analysis - All value analysis prodlemn are uitimately reduvible
to tLe following simple Lkalancing probiem:

L2t {c ) designate “he cost of anaiysis,

(ci) designate the cost to implement the recommended al -
terratives, and

(e,) deszignate the anticipated total expected cost differ-
ential,.

The, (e, +c <« ). if value analysis is to be a paying proposition.
Imputed cost - Let (p} desiguate the probabilit: that the ays-

ten will perforim, as designed, over the expected life of the
systen.

et (4p) demignate an incremental increase in the perfcrmance
of the aystem as s result of acceptance ot a design/support
alternative, and let (Ac) designate the incremental cost of
implementing the design/sRupport alternative.

The expected return from tha investment of the reacurce cost (¢}
must be at least

vAp=AC or {60}
< Ac -
N - 1y

v A {b

where (v) now l= the irguted regource coegt gaved if the altoraa-
is accepied (incorporated).

g&gﬁ ~ The concept ¢ risk is always associated with a progran
in some form. These risks will uaually fall intc the following
categories:
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Scheduled Completion (Timé) "
Technical Feasibility fPerformance’
Budget (Ceat,

Unfortunately, 2 problem in nne area tends to create excesses
in another.

wWhore uncertainty is involved in a particular strateqgy, the
following app.cach is suggested:

a. Assume that a particular course of action will be
taken and evaluate it in relation to alternatives.

b. If the return in coat savings for the risk alternmative
exoeeds other alternatives, ths foliowing cases arise:

(1) The expected mavings usiug the cost risk strarteqy
should at least offset the addition of expected coest ~xpendi-
ture if the risk stirategy fails.

(2) Additionally, further investment may be made to
gain adequate information and reduce or aliminate the risk.

Parhaps the best means of coping with this aspect of a program

is an activity network which lays the program out with respect

to time sequencine and cost. This approach also permits analyeis
of the a€fects of pctential errors.

The question of technical feasibility can be handled similarly:

Let (p! designate the probability that a specific element in the
technical approach (alternative 1) is feasible, and

let (q) designate the probability that an acceptable bLut less
desirable approach (alternative 2) is necessary.

The probability that the second :pprosch will be required is
q={1-p).
Iet a = cost of implementing alternative 1, if feasible,
b, = ¢cost of determining fensibility of altearnative 1, and

a_» cost of implementing alternative 2,
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The total expected ost becoumes:
TECﬂalp%b1+ah(l«p). (62}
The break-even nouint iz eatablished by setting Técxo.
™18 risk analysis may be subjected to schedule timeline3s analy-

sis using an externded concept of an activity network, as shown
in the following diagram:

3 /
ex hl 0
¢ € N e,
Start bt ide W \:>0 Complete
r~ .
~o ) ’/(
T4 s,
e(:

where (e:) desicnates an event, and (¢y;) designatas time from
e to e,.

The expected time schedule is given by

T=t _+p +{l-p)t, .

1553 (63)
Thusg, this sub-ne“work may be readily incorporated in a major
program activity network.

The corcept of total expected cost has broad implication and
ia an effective medium, when properly exicised. Numerous
enigmatic problems, in principle at least, become readily re-
solved.

Given two alternatives, (a) and (b), suppose alternative (b) is
ir a pomition to utilize certain eguipmer.t, facilities, etc.,
which already exist. Suppose also, that ware it not for these
seeming advantages, alternative (a) would be superiox. The
question now =wrises -~ to whether aitsrnative (b} should be
charged tie cost jaitizlly incurred (oxr existing worth) cof the
presertiy unutilized or underutilized squipment, facilities, e:c.
Two sctools of thought exist on this question:
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a. Charges should be invoked on al*ernative (b) because,
subsequently, a demand for the presently unused/
underutilized facilities may be made, which will force

3 new acquisition.

b. C(i.arges should nct be invoked because the invesatment
hae alrecady been nsde, and the facilities, etc., are
unused,

In the limiting form, both positions above are valid where cer-
tainty is involved, nzmsly, it will be dewanced in the future or
it will not be demanded in the future. what is ~learly re-

quirad is a look at the expected cost, which includes expecced
future use of the available facilities, and the like. Accord-
ingly, estimate the likelilhicod of the facilities being otherwise
in demand, and, in fact, cost-anaiyze the alternatives. Logacally,

this is structured as follows:

et ¢ = Cost of altermative (a).

Cost of alternative (b), if unused facilities,
etc., are not charged.

]

cbo

Ac,= incurred incremental cost of alternaltive (L),
if facilities are used and a subge .ent de~
mand is made.

p.0bakility that a demaiid will be made tor
unusea facilities, etc.

H

P

The axpected cost of alternative (b) becomes
E(c‘}=c‘¢+pﬁcb {64)

and Accgac.-E(cb). {65)
Incremental analysis (differences in cost between altermatives)
can result in poor decision making, if the concept of dif:erences
in total expected cost is violated. Examples of this abound.
e.c., change of outside purchase services to in-house services,
based on no immediste additional reguirements in fixed coats.
However, when expansion is required, the previous decision

proves to be a poor choice. This comes about due to inadecuate

lJanning,

wWiat is required to ensire proper decision making is projection
Lf the feasible sliternatives, i.e.. the decisicn tree approach,
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adaquatoly treating expected avents and predication of the
analysis on the sought-after objective (total expected cost,
total expected profit, etc). It is standard practice in
industry to develop (plan) marketing, markets, on a monthly,
quartexly, and annual basie. Gencrally, five-year plans are °
developed on an annual basis. This is done to provide adequate
gshort-~and-lona--range planning information, to permii analysis
in torms of differences in total expected profits.

The cost method used herein for general analysis aveids con-
sideration of interest. This position has been taken for
the fellowing reasons:

&. Interest is charged on all commodities ar the same
rate. Thus, individual commodGity interest need not
be computed.

b. The minimum cost point is unaffected by the applica-
tion of interest coests.

¢. The method of the analysis is restricted to estab-
liishmeni of total expected variable cost, and the
goal is the establishment of the best support and
acquisition peolicy.

The interes“ paid on the funda is rot related to how the funds
are spent. The value of the funds, as measured by an altex-
nate maans of investment, e.g., reduction of national debt,
has airealy heen established by the requirement for a system
having specified performance requirements.

The coat aralysis method developed does not use proration as a
device tn assign costs, but, instead, is predicated on demon-
strable difference in cost as a result of chonsing a design/
support altesrma¥ive.

The Federal Budget ie largely paid cff each year by means of
taxee, therefors. not mcre than one year’'s interest shoulid be
chaosgeable to system coste, Because of the means of acguisi-
tion of the funds. no difference in interest periocd should be
chargeable to capital outlay. or operation and nainternance
costs. Thus., 1if the alternalive selection criteria included
applicaetion of lifs cycle interest (or anyvthing near it) to
capital outlay, greater future federal budgets wculd be re-
quirsd. The critaria would tend to salect systems wiin lower
acguisgition coste and higher operation/waintenance oosts,
whih, because of the annual nature of money acquisiticn, would
ragquire largor total axpenditures,
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7. TECHNIQUE VALIPITY, ACCURACY, AND SOURCES OF ERROR. )

Technique Structure: The technique structure rests on cost diff-
erencaes as opposed to prediction of total cost. It is desired
that the technique deal with quantifiable variablez and demon-
strate differences in approaches (alternatives).

This method of cost analysis obviates certain subtleties which
would otherwise be encountered if total expected costa vare
ugsed rather than total expected cost differences;

a, Accounting for shared utilities, facilities, personnel,
etc., wherever the difference may arise

b, Specifically, it mey be impractical to determine the
total axpacted —vut iwmpiication of a design alterna-
tivse,

€. Since or.y those cost factors are analyzed which
possess differences between alternatives, sufficient
attention can be applied to the significant factors
to minimize the effect of error upon a decisior.

important to this concept is the fact that tha coat charged to
the Government for an item is its real coet. 7The fundamental
concern relative to the technique structure is whether it permits
evaluation of alternatives which possess difZerences in cost to
the government. The validation of these charactaristics »f the
technique structure does not rest on the ability to predict cost,
but on abiii.y to predict cost differences with sufficient accur-
acy to permit decision-making., Consider the following:

Vendor A quotes x dollars to a contractor for an item, Vericr B L
quotes y to the contractor (y<x). The corntractor is unconcerned
with the inteinal processes which generate the costs x and y.

If the item is to be incorporated as a part of an end preoduct.,
this differenca in cost may be passeq on to the Government by tne
contractor. A real case in ooint is the T¥X deciasion, which was
hased on the cost differency implied through commanality of de-
sign. It is to be noted *hat the manufacturers’ccst proposals
wers on a CPFF basis, ar: could be sxpected to have considarable
potential for variance, out the cost difference impliel by ths
designs waa valld. '

For a tschnique, procedure, or mathematical mudel to bhe uceful, it ' 'j
must provida acceptable lavels of validity, reliab’lity, ead {




economy in application.

The technique developed in the previcus secticns has two aspects
of validity; these are described by the following questions:

a. Does the technique permit va.id cost/performance
decisions?

b. Doea the technique permit valid decision making without
making detailed cost comparison between predicted and
incurred cost.

The maior objective of the technigie jg ceoct avmidonce. 1Ia the
cuntract shiae, fuads wiil have buen committed and the key to
cost aveidanca will be through modifications of initially pro-
posed hardware/softwarc/cperations/support designs. To ensure
cost avoidance, it is mandatory that incentives exist for cor-
tractors to make modifications in the initially proposed design.

The proposed value methodcloyy permits individual c¢ontractors to
submit proposals based on least {total expected cost, and pro-
vides the U. S. Air Force a means of evaluating the indi ridual
contractor proposals relative to each cthar and thus, of estab-
lishing a least total expected cost decision.

. The validity of this approach rests on two assumptions:

a, The winning contractor is committed tc deliver the end
product consistent with contractual constraints.

h. The Government evaluation is performed using the pro-
posed methodology, and the contract is monitcred on

the basis recommended. \
For contractor cost, the model possesser prima facie validity in
that decisions are based directly on known or estimated cost

differences existing at the time of the decision. The validity of
the technique Jdepends upon only the thoroughness of analysis of
the technique uaers. This amounts to seeking cut zignificant
differences hetweer alternatives which ~an affect a decision.

The positicn taken in this raport is that detail cost accuracy can
ba obtained, but at the expense of program time an’ funds to sus- L
tain the cost investigatior in greater detail.




More importantly, it is stressed that cost comparisons of alter- -
natives should be evaluated only to the point that a condition

of dominance of one alternative over the other is established.

This ig patently important to achieve economy of application

in both timeliness and funds expended.

Cost predictability “alls into two general categories. Some
costs can be estimated directly, and the sstimates control actual
spending. In these cases, th2 predictions become self-fulfilling.
The acceptance of a proposed ulternative from the design team by
the fabrication and procurement personnel actually constitutes
the validity of the cost estimation procedure. The process in-
volved can be considered much the same as buying on the open mar-
ket.

The manufacturing people are charged with the responsibility cf
producing hardware at a specified budget which is estahlished

on a khasis of what is to be dcne. If a proposed hardware alter-
native is postulated by design and procurement is to be implemen-
table at a specified cost, this must be demonstrated to manufac-
turing, or manufacturing will not assume the financial responsibility.
Manufacturing cost now becomes largely seif-fulfilling. Similary,
procurement ia part of the check and balance which ensures -
validity of cost eatimates by obtaining cost data/Guoteg from

vendors to ensure that material costs are compatible with demsign

and ruaufacturing estimates., Other costs must be estimated,

using cost projection techniques. These latter costs are aub-

ject to error because:

a. Many ccosts are of a recurring nature, and significant |
chanﬁgs in commodity price come ahout with the passage
of time.

b, The method of incurring cost in the support and/or \
operational phase may not, in fact, agree with the -
supposed method using costc projecticn eguations.

¢« The rate of obsolescence ( { an item may be influencegd
Dy state-of-art improvemen.: alzo different deploy-
ment schemes may davalop, :hich will affect the cpera-
tional pooture and support structure.

For the caase of the recurring aupport cost prediction, the pro-
blem must be squarely faced; a value/cost decision siat be made,
and selection of the beat value/cost alterrative ia dasired. In
gsnaral, analysis via dominance will usually be required. and this
condition is best tested by analysis of arror sources relsvant
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to the particular alternatives being evaluated.

For particular decisions, specific detailed cost models may be
required (as an example, ses appendix VII), but this feature will
not invalidate the general methodology. Where the expected cost
errror excseds the difference between alternatives, more refined
estimates may be required, depending upon the importance of the
decision,

General sources of error are developed and examined in tne
sections which follow. There are two major characteristics of the
proposed difference analysis which provide an intuitive valida-
tion of this approach. These are:

a. Where srrors are involved in the operational factors,
the errore will generally be in the same direction
for the alterratives baing evaluated, e.g.. failure
rate, expected lifatime.

b. The aggaregate error within an alternative will be less
than the abasclute sum of errors because errors will
tand to cancel.

Specific Error Sources.

Appendices III and VI on manning snd sparing, reapectively, have
pelf-contained descriptions of error sources of major influence.

The amount of error introduced into the cost analyeis from the
various inputs will depend gencrally upon the charactsristics

of the specific system under analysis. In general, the relative
error output of the cost model will be less than the relative
error input. As the worst, ths cost error will be linearly re-
lated to the error input, and this will occur when there is
amall variation in the system demand rates.

Manning Analysis.

Manning Cost Error Sources - The major scurces of error in maaning
will be due to errors in failure and maintenance rates. Wwhere
self-sufficiency dictates a manning relatively independent of work
load, this source of error beccmes nagligible, Wwhere a aignifi-
cant amount of werk is performed at a location, a sensitivity
analysis may be performed tc establish potential coet error. Ra-
finament in predictions may be nade, if significant differences
are fourd.
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Secondary manning errors will fall into five categories:
l. Personnel turnover rates.
2. Pay schedules.
3. Skill level assignmentis.
4. Skill packagins.

5. Assum.d independsnce Of subsystems coutributing unreadi-
ness.

Turnover rates (see appendix III) dictiate pipsline personnel re-
quirements. These rates will be a function of the v:rganization

type. To some extent, these rates are controllabl: fthrough zew
enlistment bonus, etc.).

Pay scnedules are relatively stable and will constitute only
minor differences., Skill level assignment can be a major source
of error from twc aspects: underestimating skill requirements
has the effect of increasing service time, which reflects in un-
readiness. Cverestimating skill requirements has its main effect
in requiring additional pipeline perscnnel. S8ee appendix I1II,

Skill packaging constitutes assigamont of work responsibility to
particular skill types and levels., This is generally accomplished
by skill assignmenrts based on aquipment or subsystem type. In
general, if reasonablie —~rimary worklcada ave maintained this wilil
not constitute & major source of error,

Independe.:it unreadiness contributions are assumed from different
subsytems. Mathods exist for compensation where the independence
assumption doss not hold (see *MRL-TDR-64-21, appendices III, IV,and
V.). The error would be to overestimate unreadiness. 1In general,
this would not have significant effect upon selection between al-
tarnatives,

Depot Labor Costs

For the depot, the ‘abor cost prediction error varies linsarly
with failure rate or repair time error. The basic cost rates per
labor hour can generaliy be cbtained directly from the candidata
dspot work source. Labor rates will be a function of time over
the sxpected lifatimc of the system. The varilation of labor rate
with time tends tc .in.rease the labor rata, but this effasct tends
to be componsated by other rising costs. This should not be a
significant source of error.
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Depot Inventory Costs.

Cosgt Constants - These constants, it is anticipated, will be up-
dated with time, as required.

These constants are based on a2 large simple and proration of cver-
head costs, Error in these constants will not cause significant
cost analysis errur3 for the followine, reasons:

", Expected errcor values are small.
2. Errors tend to the same dirnction for all altermatives.

3. The contribution of constant factors to alternative cost
difference is small.

There are several basic parameters upon which the proposed techni-
que is heavily dependent. These are:

a. Expected lifetime of the end item(s) being acquired and
supported.

b. Demard for service per unit time,

2. Service time per demand,

d. Permissible unreadiness of end item supported.
The expected system life is one of the more important parameters
in the cost analysis. The influence of this parameter manifests
itself particularly in:

a. Cost of operating/maintenance personnel,

b. Cost of spares (consumables), and

c. Cost of facilities and utilities
Considering twc alternatives, ‘liere is natural reluctance to
select the alternative offering least cost, if this cost is ac-
hieved by -‘educing support nost. This is due to the uncertainty

associated with the expected deployment 1ifs. This reluctance
comes about as a result of;

4. Trading & reasonably firm cost (negotiatsd betwsen
buyer a:;.d seller) against an expected cost of lasser
cavtainty.
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b. A natural tendency to suboptimize, that is, where
the seller does not have the responsibility of cpera-
tion and support and concomitant cost, he directs him-
self to producing items at minimum price consistent with
perfermance requirements and profit and risk picturs.
This reluctance holds true for the buyer when his res-
ponsibility extends ounly to acquisition cocst.

Although the j;)resent deployment planning anticipates systems with
lifetime exprctancies of 10 years, some systems may become quickly
outdated, whereaz others may extend considerably beyond a 10-vear
life cycle. &K decision must be made bLetween alternatives at a
point when support costs are somewhat uncertain. Even in view of
this uncertainty, vhe decision providing least total expected cost
is based upor both acquisition aud support costs over the expected
system lifa,

Relizbility estimation techniques and maintainability techniques
have reached a state-of-art which permits relatively accurate es-
timates to be made of demands for service anl service time.

Other service times become important where ramote repair is req-
quired. These times affect repairable items. Error in repairable
spares cost may derive from the following sources:

(1) Depot Turnarocund Time

Bet:ween systems, the average time may vary significantly.
This time is 2 maior detevminant of gpares whers depot
repair is used and, to sone extant, controllable through
tha high value item concept. Note that the repair time
at depot is not usually significant, except in determin-
iny depot lahor costs,

(2) Field and Organizatior Repair Time

For both fielcd and organizaticn, there are tradecffs be-
between perscnnal and spares in meeting operational re-
quirements. If a cost ovror axists, i¢ will acise from
error in prediction of r_pair and failure rates.

For high usage spares, the error sesociasted with consum-

able spares ccoat over the life of the equijvrent wil' not

bs significant, as the purchased guantity can be sdjusted
to meet axperienced demand,




For low usage spares, the initial purchase may be signi-
ficantly more than the expected demand over the lifetime
of the equipment (see appendix VI).

In this regard, item cost is intimately bcund up ia yro-
duction qurantity. 1f more chan one production rur is
necessary, the cost assqQciated with the item based on the
first production run will generally provide an over
estimate of the item cost.

Cost Sources Not Anticipated to Influence Decision - The following

cost sources are not anticipated to be significant.

a.

b,

Manuals.

The cost of manuals will remain relatively unaffected be-
tween aliternatives.

Facilities and utilities.

Thase costs may be important in determinin. whather or
where to repair a higher level of assembly, yiver that
exiating facilities will no* suffice. The cost differ-
enc: for facilities and utilities for modulc repair, given
assenbly repair, will generallv not be significant between
alternatives,
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8. SUMMARY

The major effort in this report has bheen to present a concept
of valve and 3 means to its quaatification in as compreheneible
& MEnLEr LN poasible, wita the aim of increasing the scope and
effectivvencss of conventional techniques of value engineering.
As currently employed, these techniques usually emphasize re-

“evaluation of systems and functions to achieve reduction in the

cost of end item acquisgsiticn.

The technique prescribed in thia report scresses the importance
of value analysis in the conceptial phase of develcpment, the
objective being to eliminate alternatives requirin unnecessary
costs before these cogts ar~ incurred. In this wav, systamatic
analysis over the tota. aspectrum of system developmert makaes
possihle value uptimization with respect to total expected
respurce cost,

The methodology of value analysis propounded in this study adds

a new dimension to vaiue engineering as generally envisaged and
practiced at the present time. It propos2s better communication
between and improved coordination of the various levels of the
engineering discipiines and management, from the conceptual stage
to end item realization. It seaks the goal of obtaining the
optimum product with respect te¢ cost in resources consistent with
full realization of function objectives, or succxnctly aynressed,
"getting the job done satisgfactcrily at least cost.” The
advantages of the tachnique expounded should accrue to zll users,
Governmental procurement entities, as well as industrial nroducers.

The value analysis technique introduced in this repor’ has these
basic characteristice:

a. NRuantification of value coneistent with established
USAF specification of system ut:ilirzation.

b. Value parumeters which are predictahle #nd measurable.

¢. Systematic methcd cf quantitativa analysis which
permits practical optimization in the "least cost”
senss consistent with aystem value,

d. Technique structure which permits design tradeoff of

discrete alternatives relating tc cost and system vsiue
parameters.
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Method of cost analysis which permits optimizaticn with
respect tc total cost and is consistent with but™ design
and vparationais valuve paramitirs.

Method of cost analyais based on difference principles,
which permits decisions through dominance of one al-
ternative over another.
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1G.

EXPLANATION OF TERMS

Acquisition Cost - The total cost to the Government incurred
to place an item(s) in initial operation in the field. (This
includes both Government and contractor cost.)

Black Box -~ A discrete, physical component (sub-unit) of an
operational unit to which may be assigned a rate of failure
and a time-to~repair, and which may be moved from one

location to another indapendent of the next higher level
of assenbly,

Confidence Level ~ A level of protecticn atfforded against
having a demand for an item out of stack. The eonfidance
level is computed based on the probability of having ons ox
more demands for an item, in a specified psricd of tine,
above the stock level,

Constraint - Any restriction or corndition which hounds the
value a variable or paramoter may zsaumz; &. g., manning
must not exceed 100 nen. For example, number of men avail-
able and training facilities available fredquantly act ae
conatrainta on the training pregram which can b2 unde:rtaken
to oktaln a particular number of men with particular skills.

Cost~to-go ~ The actual ceat to complete the remaining
program requirements.

Desiqn Alternative - An alternate desi 1n layout of modules
snd higher modular assembiies, types, and sizes within an
equipment.

Desiqn/Support Alternative - An aliternative involvirg a
change in a design configquration and/or < maintenance plan.

uowntime - Time during which the operaticnal unit or sub-
systen 19 nct avsiiab.o for operational use because of mainte-
rance or othe: factors,

Jgtimate~to-go - A estimate of the actual copt-to-go,

Exponential Distciputicn - A probability distribution
having the forw

Fieyese P ang L 100, frequenny distrirution

‘s ~tu
pin)=l-a Cumulative
distribution
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1%,

12.

13,

14.

15.

lﬁ.

il.

18.

19.

where the maan and stancdazd deviation are bothl/u In

thia report the time batweun failures cf equipment and
time to repair failures both are ussumed to Le distributed
exponentially.

Fabrication - Fabrication means the construction of a

syatcemi, equipment, asuembly, etc., from its parts ox
elamente,

Failure Rate - Number of “uilures (non-scheduled interrup-
tions of operation) of the item per unit time.

Imputing - Imput.ng, as use’ in this report, describes
derivation ~f a characteristic in terms of mezsurable
parameters.

Inventory - Stock (items) provided in anticipation of
demand.

Inventory Modei - 4 mathematical wodel purporting to
describe relat: :ishipa between allocation of spares and
coat in suppor: of an end item aguipment and the military

miesion of the ecuipment.

Levels of Assembly - A rough measure of the size and/or
complexity of a sub-divisior of an eguipment., Uxcept fnr
the iowest level of assembly, the part, each lavel of
asgerbly is macde up of several members cf lower levels of
assenbly. Below are listad, from high to low level of
assembly, two sxamples of variovs lavels of assembly.

Aircraft Radar set

Engine Rack

Cyiirder assembly Drawer

Cylinder head assembly  Frinted-wiring hcard assenuly
Zxhaust valve Reamistor

Line Item - An itsw of aupply which is listed in a Fedaral
Stock Catalog, and to which ig aszigned a Fedsral Stock
Nuner.

Logistics - The science of allocating resources for suppors
of military operations,

Logistic Mcdel - A mathamatical mcdel purporting to describe
the relationship between the allocation of apares, personnai,




20.

24.

23.

%6,

maintenance capability and cost, in support of an end item
and the military mission of the item.

Maintainability Eaz» of repairing an item given a
particulsr combinafxon of maintenancs eguipment and replac:-
ment parts and sub-asseblle3, Generzlly measured in terms
¢t mean-time-to-repair (MI'TR; or its inverae repair rate

(p).

Maintenance Channel - Combination of men and equipment
requirad to perform a particular task or groups of tasks.

Maintenance Plan - See Support System.

Manning Requirements ~ A detailed breakdown of the manning
required to meet specified cperational requirements of a
new weapon system.

Mamnufacturing - Manuvfacturing is use? to define the processes
of procuremsnt of parts or materials, and their ifabrication
iate ayztems, equipments, etc.

Maximum Allcrable Downtime - Time that a g stem may remain

inoperative for the perfcrmance of a maintcnarce task.

Mean Time Between Failures (MTBF) - Average time per it
between occurrence nf failures. May be estimated by

dividing time by the number of failures occurring during

this time. It is the reciprocal of the mean failure rate (?).

Mobility - A measure cf how quickly the system/equipment can
be relocated.

Module - Lowest level cof plug-in aasembly.

Module Confiquratjon - A particular design iayout of wodules
within an eguipment.

Module Size - The average number of parts per module.

Cperational Readiness - The average percent of on-iine units
which arae ugqratxonal at a given time when they are intended
to bas.

_Qggg_ngg*‘_ggg;&gggﬂ_! - A gtatament of operational readiness
vcl raquired of the operational units, total operaticnal

F
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hours, capability of the coperational units during 2
specified period of time, and the nurber of missions required
of the operaticnal unit during the specified perioed.

33. Oxganization - Ac used in this report, organizaticn designates
the ulIng location of an end item, or the first level of
support in a multi-echelon support system.

34. Parameter - A quantity to which may be assigned arbitrary
values, as distinguished from a wvariable, which assumes
only values that the form of the function makes possible.
For example: the operational readiness specified. Values
miy be arbitrarily assigned.

35, Personnel Availability - A measure of rerources of men and
tkills that are availzble outside the gyatem to man the
system.

36. Phase-out per:vod - The period conmencing with the tim: of
relaxed operational requirements charged to a syatem uantil
complete disuse or salvagos of the system and associated
hardware.

37. Preventive Maintenance ~ The care and servic.ing by user
perzonnel for the purpose of maintaining equipment in
satisfactusy operating cendition by providing for systematic
inepection and correcticn of incipient failures, either
befcie they occur or before they develop into major {ailures.

38, Pgrimary Duty Assignment - The type of duty to which personnel
are allocated during their normai on duty shift peri-d, end
which 18 directly connected with the ouperatio: and maintenance
of the weapon system,. L

39, Producticen - Production includes the functions of procurement,
fabrication, productlon engineering, and othexr anciilary
functions required for the transition from ti e design to the
fabricated producc.

40, FProvisioning - The initial and continued allccation of spares
in tha support aystem of an item.

41. Quantificaticn - The process of establishing -~ numerical
evaluation procedure to measure a character.rtic of a =ystem.

42. Queue - A waiting line o: units which require some form of
ser.ice {normally mairfenance repairs).

o i mn it
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43,

44.

45.
46.

47.

48.

49.

50.

51.

52.

Ready Inventory - fipare items which are used as replacements
upon failure ana which are repairazble at using locations.

Repaiz Rate - The reciprocal ot the average time spent per
channel in repairing an item, excluding delays such as "wait
for spare part to be delivered," etc.

Repair Channel - See Maintenance Channel.

8kill Levels ~ The classification system used to rate main-
tenance personnel as to their relative abilities to periorm
maintenance.

Spare(s) (noun) - Systems, equipments. black boxes or
modules kept in reserva, unused until needed to replace a
gimilar failed item, so that there will nct be a reduction

~of the number of operational systems of equipments. When

the failed item 1s repaired, it becomes a spare if it is
not necded to provide the degired number -~ operaticnal
systems or equipments. Not to be confused ‘with spare parts.

Spare Paxrts - Non-repiirable items at lowest level of assem-
bly held to replace aimilar items whose failure caused failure
of a higher level of assembly.

Subagsembly -~ Of modular congtruction, any of several possible
levels of assembly ranging from subsystem ts module,

Subsystem - Major functional equipment or group of equipments
of oparational unit or support system, essential to operational
completeneus.

Service Rate -~ The raciprocal of mean time to restcre an
item to cperable status, including waiting and travel time.

Support Alterpative - An al:ernative maintenance plan.

Suvport System - Tha mairntonance peraonnel, aquipment, Bpares,
and spare parts as organized into shops, echalons, with
assigned respcersibilities,

Tradsoff - The boalancing cf two or wore variables associated
with performance to obisin a greatar return per unit cost
inver . sd.
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55.

56.

57.

58.

339.

60.

61,

62.

Unreadiness: The fract.un of time per unit time an enc
item eguipment is not operable.

Utilization Factor -~ A ratio, the failure rate of an item,
divided by the repair rate of the item. Queuing tables are
usually based on the utilization factor, since it is invariant
with changes in number of operational iteme and repair channels.

Value - Value is defined as the imputed quality of use¢fulness
for a epecific purpcse ("imputed here describeas derivation
of a characteristic in terms cf meaasurable parametere).

Value Analysis - Value Analysis is the systematic application
of techniques used tc assess the value of a system or portion
cf a system.

Value Engineering - Value Engineering is a field of engineer-
ing directed to developmant of systems having appropriate
or specified valuesn in the accomplishment of their missions.

Variable ~ % quantity that may aseume a succession of valiues
that need not be distinct, but which <an only assume those
values that the form of the function makes possaible.

VART - Value Allocation Review Technique. A tachrigue
directed to enabling the assigrment of value and cost goals
to a project, permitting pregram review and directing value
improvement and//or cost reduct.on.

Workload - Average manhours of effort of a particular skill
caused by the operation of an item or group of iteme when
chey are operated according to speciiied regiirements.




MAJOR SYMBOLE

heguisition cost

Number of repair charuels,

Cost designator

Debit and credit cost . uged for inventory accountability
at the depot.

Units down in evcess of spares.

Fraction cf unita down in excess of #vares.,

Tatal number of eguipments.

Number cf field sites.

Number of personnel of sgubsystem skill (i) at location ()
Line jitam entrance cosc.

Bxpected equipment life,

Eguipment phasaecut period.

Cost per ywar of maintaining a line item in the supply
system,

Number of equipments per location,

Number of line items introduced into thes supply systuums,
Number of line itens repaired by depot.

Total expected repair dsmonda at the depot,

Total expected repair domands ot the field.

Total expected repai., Jdemands at the organizaticn,

A designator of number in defined context.

Utilization factor - a ratio formed by dividing ar
equipment fallure rate by ite repair rats.

A designater of probability irn Gefined con-axt.
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Fraction of depot module repair demands from the field.

Fraction of depot higher assembly repair demands fcom
the field.

Coat per year of maintai.ing a stock item on the
‘4aterial Repair Schedule (MRS).

Fractinn of depoif module zepair demands from organization.

Fiaction ¢f depot higher assembiy repair dcirands from
crganization. : ’

Suzport and operation cost.

Designation of spares.
Total cost.
A designator of time ia definad cuntext.

Operational unreadiness - the mean number of equipments
not: operable divided by tecal nunker of equipmentas.

Vs
Worth
Numbe: of organizatioral nsites per field shop.
Failure rate.reciprocal of mean time betwern failure (MPBF).

Repair rate, reciprocal of mean time *o repair [MTIR),
oy service rate, depending on context,
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APPENDIX T
NOTES ON SELECTIVE APPLICATION OF
VALUE ANALYSIS
In general, wost systems exhibit a non-~unifurm coat pattern
similar to the «conomist Pareto’s Law* on the non-uniform

distributior of wealth. Relatively few syatem elcwents will
be found to account for a high perceantage of system cost.

. Generally, proportionate value improvement effort shouid be

devoted to these items, in keeping with the principles of
nmanagement by ex~eption. The cost variation analyeis pro-
cedure provides a tool to implement these prirnciples. 1In
establishing the initial cost estimaic¢, particular attzntion
should be directed to the items having the highest "cost
sensitivity," namely. potential return fnr effort expended.
Criteria to consider are:

1. High Quantity Repetitive Itsms - These are frequently
of low or mediam cost. The quantity factor exarta high
“"leverage" in teirms of overall savings for efforts
expended.

2. Srandard vs, Special Ttems - Standard and special
designs should be evaluated to determine if total
value will benafit from an exchange of rules. Im-~
pruved value may result from substituting a stand-
ard or Government-furnished item for a non-scandard
or contractor~furnished item, or vice versa,

Standard parts tend to be less value-sensitive
becauss they have the protection of statua. A non-
standard part is handicapped because it bearsa the
burden of demonstrating at least eguivalent functien
and reliability, and savings which will mcore than
compensate for cuanges in the logistic syetem. On
the cther hand, the problem is cften cversimplifiea
and miestated, e.g., a specificaticon foy "The max-
imum use of authorized parts, matsrials, and pre-
cesses.” Thi3y is eseential up to the point where it
provides supsrior totz=il value., If the use of a non--
standard par* can he shown to contribute greater cover-
all value, it will have achiieved the obiectives of
standardization by not standardizing,

* Vilfredo Parets -~ Manuals d'Economis Politica, 1906,




3. ZTechnical Uncertaintjes - The scientist and engineer
inherently generate .azlue. They take the first and

biggest step by making it posaible to perform a
fuaction that 4id not exiat hefore. During thz pro-~
ject development. plan (PDPj stage, value engineering
technigques assist the invent.va procass and guide it
to less costly solutions. 1In t..8 regard, high cost
areas of technical un.~rtainty should ope investigﬁted,
particularly where the «lternatives differ widely in
cost,

4. State-nf-the~Art - A "design from scratch" is invarai-
ably more complex, costly, and ieas reliable thar it
can ultimately be. Its value improvement pctential
ias, therefore, higher than that of a mature design.
Conversely, areas in which technology 13 corventional
and equipment design i3 relatively matire, sucl. as
power supply, storace, and conveargion, may be found

:
a

to offer less p!te.ti 1. This is not necessarily
30 because the muture design represents the ulitimate
in simplicity, but because of the prohlems vreviously

noted.
In aidition to the criteria above, the following checklist pro-

vides an indication of pctential sources of cost reduction to
achieve value/cost goals.

A. SPECIFICATION REVIEW

1. Review perforl.ance spGCLCLCatlons to ensure that no
unnecessary Or excessive ragquirements are imposed.

2. Has the cost of any overdesign bgen defined for its
effect on production, as 'wvell as on the Research and
Development program?

of contract-reguired overdesign

l, Has the co t
o4 h the ~:zstomer?

1 s .ffec
been diacus it

e
ed

Wf""

B, ELECTTRONIC DESIGN

3

1. Does the desiyn represent cpltimum eieciric

“r

1 simplicity)

"~

Is circuitry ovevl, compl. x or conaszvatrive?
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Have standard “"preferred cixcuits" been re iewed to
see how many can be used beneficially?

Has the field of commercially available nackaged
circuits, nower supplies, etc., been rzviewed against
your requirenents?

Can circuitry be eliminated by having one cizcuit do
the iob of two or more?

Whe': specifying special cormponert rurts, have potential
vendors been consulted for alternatives or modifications
that would hold cozts down?

Have ali high cost components such as transis*tors, semi-
conductor diodes, magnetic and higl power devices,
motors, gear trains, ard decorders been examined to
determine whether iower cost substitutions can be made?

Are the components of the lowest cost meeting the
design regquirements?

Tan any electrical tolerance he liberalized to allow
specificztion of lower cout parts?

Have nearly idertical parts been made idzantical tn
Lo - “

gain the advantayge of quantity buying cr manuiacture?

Yas ccaxial cable been specified, whan hookup wire
2 shielded cable will do the joh?

Hawve automated techniques been used to the maxinum?

Is Teflon wirs specified, where cther insulation will
suffice?

MECHANICAL DESIGH

——a

1,

L]
’

Dces the design represent optimum mechasnical simplicity?

13 every part absolutely necessary? Can any part pe
eilimirated or comhined with another phrt to raduce
total number of parts and . uat?




10.
11.

12.

13.

14.

When gpecifying special parts, have potential vendors
been consulted for alternatives or modifications
that would hold costs down?

Are mechanical tolerances within the iimits of normal
shop practice? Can any tighter tolerance specified
be changed or be liberalized to hold costs down?

Are the surface finish~2s the coarsest that will do
the job?

Are the farrication processes of the lowest cost
Jreecing the design requirements?

Have nearly identical parts been made identical to
gain the advantage of quantity buying or manufactuzc?

Are the materials of the lowest cu.* meeting the design
regquirements?

Does the combinatior of material and protective
finish specified result in the lowest cost combination?

Has relative workabhil®*. of materials been considered?

Have standard alloys, .rades, and sizes of stock been
specified whenever possihle?

Can the design be altered in any respect to a2void the
use of non~standar ' tooling?

Has the 1/10-inch arid drafting system for sheet metal
parts been used wherever applicable?

Can the design be modified to enable tlie use of the
same tooling for right- and left~hand, or similar,
parts?

Are drawings for fabricat..n of parts which are
similar to parts already produced cross referenced,
so that available teoling can be used?

Can the design be altered to avoid unnecessary
handling and processing resulfing from such things as
riveting and spot welding o the same subassembly
pact?




17.

18'

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

30.

rn e e = om e n e e taa t b S v i —— . TR AT

Have automated techniques bzen used 0 the ‘maximum?

Are casting bosses of adequate size, conzsidering the
large tolerances which apoly to casting dimensions?

Can cores or complex parting lines le eliminhated
from any casting by moderate redesign?

Is impregnation of castings specified when it would
aid processing? (Castings should he impiregnated after
machining, if they are to be electroplated. This
impregnation prevents absorption of plating acids or
salts. Castings should also be impregnated, if they
are to hold liquids or gases under pressure).

Have engineering and factory spe:riaiists been con-
sulted for castings, forgings, weldments, heat treat-
ment, and other specialties?

Have standard sizes, grades, and alloys of fasteners
been specified whenever possible?

Are all manual welding operations specified absolutely
necessary? Can furnace brazing be substituted?

Are the assembly processes of the lowest-cost meeting
the design requirements?

Has adequate clearance between parts been provided to
allow for easy assembly? (Parts have become smaller,
but hands have not.)

Are all parts designed .. assewbly at the earliest
possible time? Assembly costs go up as the buildup

of the systom progresses.

Are markings adequate to guide the assembly processes?

Have the engineering and factory specialists been
consulted on any unusual assembly problems?

Has datum line rather than multiple surface dimension-
ing been used on alli drawings?

Can any four-place dimension be chanjyed to a three-
place Jdimension?

llée
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31. Can any three-place dimension be changed tv a two-
place dimension?

32. Can heat treating after forming sheet metal parts be
eliminated by change of design o1 material ton avoid
straightening problems?

33, 1Is all masking from finishing materials (such as
plating solutions and paint) necessary?

STANDARDIZATION

1. Lave you conrdinated your design with those who may
be using (or have used in the past) similar designs,
circuits, parts, or components, to get optimum benefit
from standardization and past experience?

2. Are the standard circuits, standard components, and
standard hardware the lowest c~3:t standards which
will supply the minimum required characteristics?

3. Can the use of each non-gtandard part of circuit be
adequately justified?

4. Can any new non-standard part be replaced by a non-
standard part which has already been approved?

5. Do control drawings leave no qgues tion that a vendor
standard part is being spec fied when such is intended?

6. Has standardizaticn been carried toc far until the
cost of excess function is greater tnan the gains
resulting from high quantity?

MAINTAINABILITY DESIGN

1. Ts each assembly self-suppcrting in thre desirabl=
S ac Y E J
position or positions for easy maintenance?

2. Can assemblies be laid on a bench in any position
without damaging componenta’
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F. TESTING

l.

Are the test processes of the low:st cost meetinc
the design requirements?

Can any test specification be eliminated or relaxed?

Fave interacting controls been eliminated, or the
adjustments specified in such a manner that the
lowest cost factory test personnel can easily align
the circuit?

Is the system compatible with the requiremente for
checkout in the factory, if not as a ccmplete system,
ther in large subsystem segments:?

Have the test process experts keen :onsulted for
alternatives that wouvld keep their costs down?

G. PRODUCTION COSTS

1‘

Are the quantities to be built on this order kuown?
Are the estimated quantities to be built on future
orders known? Have these factors been ccngidered
in the design decisions?

Will toeling costs be in line with presert and
anticipated production?

How muach do Lou estimate the design will cost in
production?

H. SUBCONTRACT ITEMS

1.

Has the field of commercially available packiged
units, subassemblies, and circuits been thoroughly
reviewed tc be sure “here are no standard vendor
items that will do the jou?

Is desired cogt control adequately emphasized in
subcontract srecifications?
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3.

4.

T —————

Have our specifications for subcontract items been
reviewed against the checit list, to be sure we are
not overspecifying?

Have sugdestiona been invited from prosepctive

suppliers regarding possible value improvement £rom
ioosening specification limitations?

1Y
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APPENDIX II

VALUE MODELING

1. INTRODUCTION

The model described in section 2, paragraph 2.2.3, of this report
was developed for the purpose of quantifying value. It is directed
to establishing value relative to a potential single requirement.
Subsequently, the weighting functions (imputec probability and gain
and loss functicneg) are remcved, and the measure of achievaoment of
value is reduced to achievement of a s~ecified effectiveness func-
tinn, which is described in teime c£f m- asurable and specified
parametexs. The purpose of this sppendix is to develop further the
generality, the basic concept develcped in rraragraph 2.2,

2. GENERALIZATION OF THE VALUE CONCEPT
In paragraph 2.2, value of a functicn was developed as:

VI{f) = p(f) w(f), which is identifiable with the sgystem

value through V(£) = p(£) w(£) = ¥48l ang

f,

Ve (8) =p ¢ (8) V() = pE(s)p(f)w(f). .
In general, a system may have multiple mission requirements, and
establishment of the total value of the system is desirable, This
generalization car be accomplished by summing the value returns
from the spectrum of mission requirements:

Ve(s) =% Ve(s), =3 p,(g) p(f) wif) .. (II-1)

1 {

Note that p, (8} , p(f),. and w{f) may vary with the mission re-
quirement. Thils expression may be used as a weansg of evaluating

competing hardware syatemr,

where systems differ in deterrent capability or mission spectrun,
the military value model muat be invoked.

2.1 Militar,s Value Mudel

This model is generalized similarly to the above development by
introducirg the subsczipt (,) to designate mission type.

Thus, v(s) = z q,r, AL -r, (1-v), p(f) W(L) -r v p(f) W(L'}) . (11-2)
whore competing systems are being evaluated ovar a mission spectrum,
i’ will yenerally be necessatry tc allocate missions or functions to

a mix of systems, thus creating an optimum mix, Severai optimiza-
tions techniques are applicable. For unconstrainsd mix problems,
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optimization of system value witn respect to resource coast can be

accomplished using the ranking procedure, which ie based on selec-
tion of an alternative providing the greatest return in value per

unit resource cost expanded.

3. GEFNERAL VALUE FUNCTION

Problems of dimensionality have plagued investigators teeking a
value model which permits establishing ratios t> datermine "creater
than or less than" conditions. The following development shows the
characteristics which such a function must possess to satisfy a
ratio test, viz., 1f

Vy/Tr 1 ' (rx-3)
Vo /T2

then V,/T; is preferable to V,/T;, etc., where Vi and T. correspond
to the value and total expectad cost of alternative 1, and similarly,
Va2, To correspond to alternative 2.

4, PWECTTIREMENTS OF A GENERAL VALUE FUNCTION

Let a1, @ ,..,9, represent values of parameters describing a desian
altermative, and let Vv, a function of the parameters, be the value
of tre deeign alternative, The function V(a, .0, ¢. % } is to be
determined, which expresses the relative (or absolute) value of the

design alternative. An altemmate desiugn is described by parameter
values V(81, Bz2...5n).

If it is required that the rataic
V('ll, C’rg' * e 0 3 an)/VY\ ';'82"..'8n)

be indspendent of the units of me-.surements, then V must Le of the
form .

L] B
Vv o={; 1) (a ‘) ...(a,:f i, where 8, is a ccnstant and
independent of oy, and weighta the si mnificance of ay. The exponent
may be either positive or negative.

5. THE PROBABILIT DISTPIBUTTON FUNCTION

One function which satisfies the difficulties orf dimensionality is
the probability function. The Lkasic requirements are satisfied if

a. The protabiiity density function 1is

p{t} ~0 , and (I1-4)
b. The probability distr:bution function is
cpltide=1. (I1-5)




Note, also, that the probability distributiorn function
Plt2t) = [i = p(t)dt (12-6)

is, of couree, dimensionless.
Thus, the prokability function approach dces satisfy the dimen-
sionality difficulties. The value engineering structure pro-
nosea 1n the methodology developed is compatible with the no%ion
of measuring value in terms of a probability function.
If value is expressed in terms of effectivenesg as a compound
probability functior, then the following relations can be logicaily
developed:
Let

E' (€1, €2/ cee€y)
be a Trobac.lity density function, and by definition

P (E) = [ ..[E" {e1,e2,...2,)de;, . ...de,, (17-7)
and

P(E’Ey) = f...fE'(el...en)del...deny (11-8)
where

P(E) =[p{e)ce

1>/p (e) de0

and designate a specifiable and measurable system performance
parameter. This equation may be interpre=ted tc state that the
valae of a system can be evaluated by the probability thai the
system will perform under the spectrum of mission requirements
over the expected lifetime of the system. Fach major system per-
formance parameter is assumed to pe i function of several descrete
design-decision aliernatives:

e =e (q) , Tgeaeityenalyye (11-9)
Fach design-alternative is related to resource cost

¢ =, {1,), (11-10)
l.e., the total! resourcs cost to implement the jth design alterna-

tive over the lifetime c¢? the system. ™.e d=sign alternatives re-
present a sat of zlternatives, one or more of which ie aeslecced for
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incorporation into the design of a system, and generally. each
alternative will affect one or more performance parameters and
the svstem cost. The formul-~tion above lends itself to syste-
matic quantitative tradeoff analysis of value. Let a change in
the effectiveness relation be as follows:

AE:AE(elle?a..ei‘”.en); (J.I"‘l.].)

then the rate of change of value is evaluated by

AE=E’(e1,e2...e‘,..en} hey (I1-12)
AT AC

The selection of a specific design alternative will generslly
atffect more than cne system value parameter as follows, from
equation{II-12:
2

A Fla= ¥ A an - \

AE ;:35; (el,ez...en) L€ (TI-13)
A special case is when only one of the parameter: and its zsso-
ciated ic-~ource cost for increrental improvement are involv-d

in the decisicun, 1. e,, the inmpact of a design alternative
affects a single parameter.

6. VALUE ANALYSIS DECISION MECHANIGMS

6.1 Value Analyris c¢f Function

It has b2en estahklished in the precedinag matcrial that relacive
value may be represented in terms of the functional

E = E(e],...e‘,...e“\. (11-14)

In gereral, the process of selecticn between two candida.= dosign/
support alternatives may involve each valae parameter of a sys-
tem being aftected, That is, for altcrmative (a), a change in
gystem vaiue iz introduced and evaluated from

AE. = © dE e = Cw e . (11~-1%)

—— {s {a {a
t de
i

Similarly, for alternative (b),
LR ~ T : / z Yw ! -
KE, ; %%, ne | = Tw o Ae (IT-1b)

in

J T




In gen2ral. “he value (effectiveness) function will not be com-

pletely knovn, i. e., equation I[-14, hence it will usaually be

nececdary to coanpute, JE Ae through mcd:ling and parameter es-
de

timation.

This will be necessar. because the rate of change of value, as
related to a sgpecific parameter {the marginal retu.:), wiil de-
pend upon the value already achieved. Figure 1I-1 shows in
natrix form the array of interac.ions pussible from the intro-
duction of a design/support alterrate, The firet columan shows
the return in system value fror selection ¢f an alternative, as
measured by the charge in effectireness, Each elemen: cf the
column indicates the weighted veturn from a specific parometer
chang2 inherent in the alterna.iv2 being evaluated. The succeed-
ing columns designate the cust ai'~as affected, given that the
alternate is incorporated in the system. Summing all of the cost
columns yields the total crange in cost as a result of sslecting
the alternative. A second alternative is analyzed in a similar
manrer, If the alterratives are competing, the chulce may U=
made by evaluation of

AE /2T, AE /AT, < 1, (II1-17)

where the A designates incremental changes in the value and cost
(T) of altematives {(a) and {t°.

Congider, for example, a systcm descripec as rollows:

E=e e, {11-18)
where

e = operaticonal readiness, and

o ¥ wission r- liability.
Iv is dJesived to determine the change in effectiveness due to 2
modificet O affscting e, and s throvgh a charnge in failure rate
and repair -im¢. Then :

AR = elﬁ&,+éaaex. ‘ {17-13)
Operatioral res. ineas ig glven by

e =« 1/74% Ly,
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EVALUATION OF FUNCTION MATRIX ,
Incremental Cost Elements Cost Elements
value return Acyuisition Operation and Support 4
Non-Recurring Recurring Non-iecurring Recurrina
‘NiAei ...AAi—nr... ..'AAif-P... .'.Asi—nr... -oo&\si_rocc L
MEAGI
v&Aea
. ‘.‘ s
w, Aei “
w, Ae,
AR= AR, = ‘AAT= VASnr = AS, =
Ew, ey %AAi_nr %AAt_P fASi_nP ?ASi_

Figure II-1.
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and —.ssiorn reliability is given by
e, = exp(-\ ¢t ).

Now, the change introduced in operational readiness as a result

- of a change in the ith element is

2
be, = (A At +t A% )/(14)) (11-21)

If e, is positive, the change in operational readiness is an in-
crease; if negative, then it is a decrease.

To determine Aeaz

Ae, = -t_exp(-\ &, )aA, (11-22)
where
o
A, = ZN {X1-23)
{e=3
A E total estirated failure rate of system,
and

N, =failure rute of the ith element having mainteaancs
- significance, and
f

t = e, ' {11-24)

L

L =1

wnhere

t. = mean repair time of system, and

t,= contribution of ith element to system repair time.
This is approximately

t = Mt

A

t

e
¥
B

H
[
[ ¥4]
~—

where

t. is mean time to perform maintenance on ith element
failure,
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and
tu is the time of wission duration.

Consider a possible modification of the ith element failure rate
A, to %/ and a concomitant chanye in repair time t to t' .

Let AN, ~ (Xi - \'i), and

At = (t

1
1 -t s)’

1
Ident:ify AN, with A} , and At, with At .

Substituting these values into equation (II-1°2) and rearranging
terms

AE = €XP (-x“tl [t, (I+a t) +t ] An +
(142, t,)
exp (-A,t,) o
. _t : RtAttéwlAAt+12Att.
(1+1tt*)

The ccefficients of these terms above become w; and w,, respec-
tively, =239 E becomes E;, i.e., the change introduced in system
value resulting from this design alternative, 1f selected.

6.2 Value/Cost Alteraacive MaLrix

The matrix form for value analysis cf functiocn has its cost coun-
terpart tor hardware development, operation, and suppcrt. Figure
I1-2 indicates th~ bre-kdnw: of a system into its hardware and
sorftware elements designated bv the item column., The succeeding
columns desiynate cost differences associatad with a hardware or
software itam chanye. a3 ‘eflected Ly selection of a design/
gupport aitarnative beina incorgorated into the system. At
ali times, the nhasis of the analysis is differences in totzl
cost. The tctal cost difference from zan alternative appearing

in figure II-2 shoala be the same as that appearing in figure
TI-1, *he oriy Aiffarercc be'nc cne of cost analysis structure.

6.3 Cost Decision Element Matrix

In general, it will only be necessary o eval .ate the difference
between two alternatives: wnere nore ! an two alternatives exist,
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VALUE,/COST ALTERNATTVE MATRIX

Hardware item/ Acquisition Cost Operation/Suppcit
task affected Elements Cost Elements
Non-Recurring Recurring | Noi-Recurring | Recurring] AT
AA AA AS AS
{-ns {~-n fwnr {1 ~p
1
2
3
’ '
AA AA A3 AS AT
nt n ne

Figur= IXl-2.
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the procedure is to systematically eliminate the poorer choice
alternative by direct comparison of estimated cost differences.

Figure II-3 illustrates a tabular procedure for evaluating each
element of the cost model. Provision is made, in figureII-3, for
the evaluation of two alternatives. Only the elements that change,
f£rom one alternative to the other, will be required. Once two
alternatives have been evaluated,; the one yielding a cost advan-
tage is retained, and the cother alternative is no longer considered.

7. COMMENTS ON VALUE MODELS

The following general observations are based on the preceding
discussion:

1, Any model of the form

v = %aix1 /c,

wvhere @ is a weighting factor of v 2rformance paramete. x, and c
is cost, will not suffice generally as a working model, due
simply to the fallacious assumption of linearity of the weighting
factor.

2. To avoid problems of dimensionality, only one non-prcobability
weighting factor can e used for value modeling, e.Jg., resource
cost and its broad implications measured in dollars.

3. Computation of the rate of retumm in value per unit re-
source onst invested will depend on the particular alternatives
being evaluated., This may require specific model development,
e.g., from serial elements to redundant elements in the reiliabil-
ity model sense.

4, The cost incurred to achieve a specific value lies in the
means of implementing the value, and nct in the value per se.
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APPENDIX ITI
FUNDAMENTALS OF MANNING

1. INTRODUCTION

The evaluation of alternatives of system design, including
operatiocnal and maintenance concexts, requires application of
a standard, objective method fcr determing operational sup-
port requirements. This appendix describes a method for de-
termination of support requirements to satisfy an objective.
The support requirements established include manning and skills,
and rerpairable spares. The objective is a given level of op--
erational readiness for a specified operational schedule,
Application of the method provides support requirements in a
form permitting objective comparison of system designs and of
alternative policies for maintenance, which affect personnel
and spares.

Emphasis will be placed upon the Jdetermination of maintenance
mapower, Operational manning requirements aie similariy de-
termined, except that queuing aspects of the problem can usually
be ignored.

2. OPERATICNAL READINESS

The operational readiness of a weapons system which ccmprises a
number of operational units, e.g.,, 18 air:raft per squadron, is
defined as the numbe:r of on-line (ready operational units

Jivided by the total number of operational units in the system,)

Rhg& =§§2, (I1I-1)

where (NO) designatez operational units ready,

"\ designates operational units assigned to the system, and

(D} designates operational units down for service.

This relationship may also be expressed in te.ms of time:
R t:tg, (II1-2)

where (t) designates the sum of the average uptime and downtime
of &n operational unit, and (td) designates the average downtime
of an operation unit,




e

Generally, an operational unit will exist in one of three states:
1. 1In operation for a time (t ) per day.
2., Ready for operation for a time (t ) per day.

3. Down due to corrective or preventive maintenance (t )
per day.

States (1) and (2) have been combined into “"ready time" for the
present purpose.

Operational readiness is used as a performance measvre for an
operational unit, or for a number of operational units. Readi-
ness itself is a dimensionless parameter. Evaluation cf a .
system is facilitated by introduction of an "unxeadiness" para-
meter , (d), defined as the fraction of operational anlts down,
If operational readiness is expressed as

R=§-§-‘?=1~9, (322-3)
Where d=: N' it is eviuent that

R=1-d.
A system is comprised of a number of subsystems contributing
independently to system unreadiness. Using “unreadiness®, these

contributions can be added to determine system operational
readiness:

R=1-3d, , (1T1-4)

where (R) is the operational readiness of the system, and the
(d,}'s are unreadiness contributions of the subsystems.

Each subsystem’s unreadiness contributicn is a function of
maintenance personnel in terms of repair channels, and of spares
a851gned, and the implied costs cf both factors are represented
by

d!=f(s , cost; C, cost}), (III-5)

where (s,) and (C ) represent spares and repair channels assigned
to the subsystem skill package.

Spares and personnel assignment depend upon failure and service
rates, and the relative cost of spares and personnel.




31=3i (7\IL‘LlCi):C“"Cg (?\:uust). (I11-6)
where ()\) and (u) are failure and service rates.

Any change in one of the parameters above can be expected to
reflect itself into a change in unreadiness {(d,). A change in
unreadiness (Ad;) can thus be measurad in term$ of cost. This
permits tradeoff of personnel, spares, skill packages, etc.,
and optimization with respect to operational readiness (R).

3, THE MODEI

In order to optimize the assignments of personnel and spares, it
is necessary to have a means to evaluate unreadiness (4,) in
terms of failure and service rates {»,u), spares (s ), and ser-
vice channels (C }. ’

The method is based upon development of ar activity networh
vhich is representative of the physical situation. The activity
network provides a means of recognizing logical task ailocations
and their impacts upon manning. The network will be described
in Lerms of a finite ~vclical queuve, which describes a process
generally encountered in military, and often in commercial
operations, specifically, where the operation involves re-
pairable machines, with whiclh: a failure rate and a repair rate
may be asscciated. Figure IiI-1 illustrates the bhehavior of a
system under finite cyclical gqueue conditions.

The mathematics of the mcdel is based on exponential failure and
service channel rates.

Although s=zemingly restrictive in nature, the model provides
accurate cesulte, even in cases which vary significantly from
exponential. Further, as a practical matter, the error usvally
associated with the estimate of measurable parameters required
will exceed the lack of fit introduced by the degree of lack

of fit of ihe exponential processes invelved. AlsG, output
ecror is invariably less than inpul error.

Spares complement, {31)' ig measured in whole units of tha sub-
system population {N). If the skill package is developed for a
black box, (s,) represents the number »f spare black boxes; Lf
the skill package has been assembled for a completa aircrafi, (D))
is spare aircraft. TIhis iz of course, only an approximatio: '
to the reali spares. but since oparing willi really he done at a
lower level of aascibly, the estimated contribution of spares

to operational readiness is congervative.

Operational manning requirements are normally determined upon

the bagsis of position descriptions rather than analysis of fiictaa-

tirg workload.
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4. PIPELINE PERSONNEL AND BACKUP FACTORS

From the foregoing, the number of personnel regquired to perform
work in satisfaction of operational readintss can be determined.
This count is based upon available personnel, and must be modi-
fied to account for sick leave, furlough, etc. This adjust-
ment factor is 0,20 times the direct manpower by skill leveal,
and is additive. This factor is derived from AFM 26-l.

The military manpowar problem ic peculiar in its high turnover
rates of experienced personnel, resulting from discharges, re-
tirements, and promotions. This necessitates placing a signifi-
cant number of personnel in training for reqguired positions.
These personnel additional to basic system requirepmentg are de-
signzted pipeline personnel.

In most teclinical fields, there is a series of skill levels,

viz., 1, 3, 5, 7, and 9, representing increasing amounts of skill,

knowledge, and responsibility. Typically, the technic.an ad-
vances a level at a time to the hichest level, with traininyg
and the passage oi time being prerequisites for each step.
Consequently, in order to have men continuously in the tighest
level, there must be a steady upward flow from the lower gkill
levels to replace those discharged. Only a small portion of
the gualified men starting out in a field reach its high skill
levels; concomitant with this progression is a progression in
grade {rank), pay, and privileges. In the succeeding analysis,
the concern is to establish the total number of personnel re-
quired in ;| .. "rnnel inventory in ordev to maintain a spacified
number of gualified personnel assigned to a given system.

The persornel lost per year in a specific skill field (x) and
skill level (i) consists of the following:

1. Discharged {D,, ).
2. Retized (R, 7.
3. ePromotad (P, ).
4. Transferrsd (T, )*.
*7, can i, "esent aither a gain or loss to the systew.

T™he “otai pecscnnel leaving a skill designation {ik) per year
can ve represanted by

e
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L,, =Dy, +R, +T  +P . (111-7)

Steady State Perscnnel Required by a Specifin System

For degignation (;x )., all personnel leavirg this designation
must be replaced through promotion from:

Pyoy Dy +R +T, +P, (I11-8)
#**Using this basic relationship, the recurrence eyuation f :r
a specific skill field become=s:

1

P, =Py -Z.(D, 4R, +T,) . (111-9)

The aignificance of (Py)is thait it represents t}r: rumber of

personnel to be brought into basic training to supphrt the per-
sonnel of a given system.

Tet
g,= personnel required in each skill level, for a given
field, as determined by manning analiysis to achieve
aysten operational requirements.
1,= the yeatly rate per persun of personnel leaving this
skill level (,). .
Then, 1,= -2 (111-10)
9y
P
ard py= {(111-11)
t

the rate per person of personnel being promoted from the (ith}
skill level ner year.

Suppose a syatem manning analysis establishes that the Table of
Organjization (TC) for personnel requires {(J.), {g9s), (gg). and
{g,) personral in the respective skill levels. To have a pelf-
sustaining personnel system, vi.., one that produces sufficient
zkilled versonnel from a level 0 rspliace thome laamving the next
in highest skill lavol, the sguation

9,1,~q, .p._, ' (I11-12}

wnst be satisfied. In general, thews sguations will not be
satiafieé for a ¢ ven syaten, Thus, in general,

$ 1,7 9, P+ B 6 5 o0 & )

il
ey
£




If q‘l’ﬁl_i.P‘ -l (111‘14) J

this requires that somewhere ir persgonnel inventory there must ‘

‘b2 A, ) additional personnel, so that
g,1,={g,_,*4g, ,}p, =9’ _.Py_,- (111-15)
Transposaing and adding to subscripts, : {
g’ =(1y4,9,4,)7/Ps (III-16)
and , ' 1
§',5(1,,,9" 4, ) Pse ' (111-17)

and so forth, stopping at each primed {g,) which yields the lar-
geat number. Thevefore, in establiszhing total system personnel
requirements, the number of people chargsd to the system in any
skill level will be the greatest value of (g,) and the primed

g, '3 starting with the manning analysis as feprasented by the TO.

Example 1

Let g.. 9y¢ Gas and g, designate the required skill complement
as deturmined by a work analysis. The total number of persons

needed to £ill these regquirement: will be determined from ,j
equations III-16 ana [II-17, ) '

Suppose the following data are available: S I

g,=20 1,=0.30 p,=0.00
3,740 1,=0.40 Py=0. 36 | 1
g, =100 1,=0.85 p,=0.10
g,=30 1,=0.98 p,=0.95 ‘
G,= 0 1.=0.29 p,=0.98
’ tppiying:
gfil (li+lg£4,1.‘/pil (III“IS)
the results are: g
G (=" g,=(20) i
g’ ,=20 g,={40)
g'a=(160} as opposed to g, =100 _ I
g’ =(90) g9, =30 1
g’ ,={30) | g,=0 *
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The larger numbar of persons is in brackets.
equations IIX-16 and III-17 successively, and always choos-

Then applying

ing the largest number of persons, the following data are

obtained:
Work Analysis
9‘=20
9Q=40
9;=100
91=30
9;=@

Total 190

Stated in words, ior every group of 190 persons, as determined

,

To be Supplied

g, =0
g, =0
-\' gﬂ=60
J",-9,=114
gr!. g =144

318

by wori requirements assigned to the system, an additional

group of 318 must be supplied to ensure skill stability, making
the total number of persons required to man the system actually

508.

Example 2

The following rates are representative of an existing Communica-

tions and Electronics Squadron:

3,~14
g,=48
g,=106
g,=26
g,=0

1,=0.08
1,=0.15
1_=0.45
1,=0.50
1,=0.99

L]

P

(-]

Using the TO as a basis for calculation:

9, =14
g,=43
g, =106
g,=26
g,=0

Total 154

as opposed to

138
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p,=0.00
p,=0.8

p;=0.05
p,=C.40
p,=0.98

g‘=14
g,=48
g;=144
g,=162
gg'83
T 451




Roughly, the personnel system requires :twice as many persénnel
as can be actively employed, to ensure a trained reserve.

Two fairly obvious features are:

a. DPzduction in level three and level four capability
has a significant effect upon level two personnel.
This is indicative of the fact that the higher skill
levels are most likely not to be filled.

b. The critical skill level is level two, in which a high
discharge rate occurs. This level also consists of
independent workers. A small change in the retentivity
rate of this level would have manifold benefits.

For example, suppose the leaving rate (1 )} in the example above
were changed from .45 to .30, an’ (p,) £fom .05 to .10 per year,
Then the new requirements would be -

3,= 14
g,= 48
g,=106
g.= 80
g = 41

m——

Total =289

as opposed to the TO of 194 and the requirement of 451 prs-
viously determined for steady-state mainterarnce of the personnel
structure. The resultant saving of 162 man years per year couid
be invested to secure the retentivity requirements. 1In addition,
significant savings would be realized throuch better trained
personnel.

5. TABLES

Tables heve been developed to assist in determining the number
of direct personnel required to satisty operational readiness
requirements (Tables for Determining System Manning and Related
Support Requirements, AMRL-64-12%.

These tables incorporate the following parameters:
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Tabular Bntries

o=

N=

Number of aervice channels.

Maximum number of unite which iray demand service at a particu-
lar instant.

Number ¢f spare units which may replace units being serviced
or awaiting service.

Jtilization factor (AA).
where
A= Rate of demand of one uni*t (failura rate),and

1= Service rate of »re channel,

" Gutput

Two quantities are the output of the tatlezs as follows:

d=

Mean number of failed units, per B, for which no spares (s)
are available.

n,=Mean number cf units, per n+s, either awaiting or undergoing

service,

Defined Quantities

D = Mecan number of failed units for which nc spare is avail-

able, and

= 4N.

4

]

"

Mean numbe. of uniis either awaiting cr undergoing service,
and

n, (¥+s),

R = Operational readiness, and

5, /N,
where
N_ = Mean nunter of units operating,

(a4

=z N-8N = R{1-d)

*40

"2,




Derived Quantities

Two identities listed helow are the basis for derivation of
other pertinent quantities necessary to establish system
measures, They are:

N, =WHC, . (I11-19)
c,=N,P. (111-20)

This identity states that the mean number of busy channels, (Cp).
is equal to the mean nuaber of units cperating, (W,), multiplied
by the utilization factor {P). This identity may ge established
by considering the following:

In a steady state there exists a finite queue length,
In order to maintain a stable mean queue length, the
number of units entering the queue must be egual to

the number of units leaving the queue. The mean num-
ber of units arriving to the queue is equal to N,)\.
Also, for steady state. the mean number leaving service
(uC,) must be equal to the mean ntaber of units leaving
the queue. Thus,

1C, =N, A, | (11I-21)
. or
c,=N_P, ($11-22)

The following quantities can now be derived, using the definitions
established above:

W = Mean number of units awaiting service, and

= N -C_,

4 b

s = Mean number of units cperable but not operating, and
t,= Mean waiting time for service (in gqueue), and

= W/iCy.
t,, Mean waiting time in waiting and service, and

=t'~i-1/u.

t ,=Mean down:ime, waiting for replacement of a failed unit.

"‘=p/uc, = (7 (1~}

e e




Format of Tables

The tabular format is based on anticipated use of tables. Two
parameters, (N) and (?), are required :o locate each specific
table within the ranga covered. Witl:in each specific tzble are
two additional locators: service crannels (C - columns) and
spare unitg (8 - rows). For combinations of (C! and (g, there are
two output entries; these are () the fra¢tion of anits inoper-
able in excess of spares and (no), the fract.on «f the total
nunber of units down.

The effect on the output entries (d,n,) of changing either (7)
for a given (s8), or (s) for a given (C), may be read directiy in
sequential order; viz.,, across a row for (C) and down & column
for (s8). A particular advantage i= that for a specified com-
bination (C,s) the maximum rate of change in the {(d,n,) may be
immediately determined from the difference in value between
present. value of (d) and (n«) and that obtained from the adja-

cent row and column, The format of the basic tabular entries
follows:
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Perhaps the most important characteristic of this format is that
it permits a visual evaluation of the effect or changing (9 and(c),
individually, or in combination. Given coat estimates of a ser-
vice channel jacrenent and a spare unit, simple cost analysis

may be perforied directly from the tables.

Example - Fvaluation of Operational Readiness

Twe equipments may be operated as follows: one on-line, and

one off-line as a spare. A maximum of two service chaunels
(repair crews) should be available. The faiiuare rate per equip-
ment is 0.1/hours. The service rate per channel is 1.0/hcurs.
The tabular parameters are, therefore,

N=1,
P=.1,
C=1.2, and
s=1.
Turn to the section of the tabie with N=1 and P=.100000.

(This part of the table is reproduced below.)

N= 1 P= .10000
c 1 2

v 091
.091

1 .009 .005
.054 ,.050

2 .001
.037
Rzad off: ] a=d ,=+009 (111-23)

2=¢:11'?‘=..005,

then

R, =R =.991 (I11-24)
=R, =.995,
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S se the are required three minutes (t=.05 hours) to go into
aggggn upon :gilure of other equipment. The time would detract
fro thre computed operational readiness by an amount (1?). Assume
a total possible on-time of (t°), then the time ?he eguzpment is
dowr. (nzither the equipment, nor the spare, on-line) is

t‘=dNt'(1-dN}(kt), (IX:-25)
then
R =(t'-t,)/t’ (I1I-26)

=(1-dN} (1-At).
Calculating the revised operation readines:,

R{=(.991) {.995),
=,986.
RI=(.995) (.595),
=.990.
6. OPTIMIZATION RCUTIHE

Fo: any systen, maintenance may be performed at a number of
locations., At each location, a number of subsystems may be
maintained, witb individval manning and spares complements de-~
termined through evercise of the optimization procedure. illu-
strated in figure III-2. An example of application is in sgectiow
7.2 of this appendix.

The manning procedure developed kelow i3 biased conservatively.
That is, it tends toc underestimate the operational readiness
lavel resulting from a particular manning scheme. However, re-
sults from the field, based upon ianvestigation of the technique’s
validity, establish that the procedure estimates manning at lower
levels than typical T. 0. establishment,

These differences result directly from differences in the techni-
quas enployed. The technique described in this report achieves
conserv=tive resuits through coasideration of manning require-
men :8 a:s resuvlting from completely random processes. This is

aot strictly the case, since there ies some control exercised in
scheduling work, Existing methods for establishing manning

T. 0.'s are intimately dependent upon desicn similarities, and
operatvicnal environment and urage., They do not deal directly
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with the interrelations between the design and its application

nor with pipeline personnel in its relaticuship to the other
factors.

In point of fact, no analytical mi:mer exists which is capable
of combining all of the potentially significant task charac-
teristics. 1In general, however, certain characteristics will
always tend to predominate. These form the basis of the pro-

cedure which is outlined below, and devaloped more fully through-
out this appendix.

In principle, estimation of manning requiremernts as a function
of design parameters and operational requirements is relatively
simple. The procedure ~ounsists of the following:

a. Estimate reliability and repairahility of hardware
items in their operatiing envirommnents.,

b.‘ Weight reliability and repairability with required usage
capability to determine the fregquency of demand for service and
the asrociated workload.

c. Allocate hardware itsms tc skill packages. This con-

sists of combining work elerments having commonality of charac-
teristics:

{i} common work location.
(2} Common technical knowledge
{3) Common tools and test equipment.

From thegse characteristics, the skill speciality field is
established.

d. Based upon the foregouing knowledge, =atimate the num-
ber of personnel of sach skill levael required to perform simul-
taneously on the tasks comprising each skill package. This
grouping of perscnunel ie the gkill team, ox service channzl.
{NOTE: <ceneraily, level 5 personnel constitute indeperndent
workers, and level 7 are work programmers or superviscrs. Level
3 personael work under the direction of levels 5 and 7, to
accomplish less complex tasks).
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e. Use the manning tables described previcusly to optimize
the relationship between service channels and spare to satisfy
operatiaonal readiness requirements. Anply backup and pipeline
requirements,

work requirements are separated by demand type and priority.
{1} Random or scheduled dumand
(2) Primary or secondary priority

Ranidom and scheduled demands are frequently associated with
primary and secondavry priorities, respectively. If random and
scheduled demands both have primuary priorities, they are grouped
into the same skill packages and treated as random.

The capability for secondary workload is established by comput-
ing idle time available from primary work requirements as des-
cribed in paragraph 2.1 of this appendix. If available idle
time excecds the secondary workload, then no additional person-
nel are required, If additionai personnel are required, re-
eramine the tradeoff bhetween service channcls and spares.

Total personnel requirements for the system (2G.x) consist of

the aggragate of subsystem skill assignments by location, as
deterinined through optimization., Consideration is given for
contingency plans or self-sufficiency requirements, which might
require separability of skill packages into smaller units (as

for separation of a gelf-sufficient squadron frmm its group or
wing). A block diazgrim of the overall manning procedure is shown
in figuke TII-3,

7. STANDARD TRADEOFF PROBLEMS
The application of the manning procedure will inveolve., In generai,
specific standard tradeoff problems, The more important standard

tradeoffs are explored in the following applications of the
technique. .
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7.1 Multi-shift Schedule, Pipeline Pe:'sonnel and Backup
Pactor Application

System Manning - A shop responsible for overhaul of jet engines
w¥II be consigered for a wing of 40 four-ernqgine aircraft.

Periodically, after a given number of hourr of flying time, all
four engines are removed and replscsd from raady spares, if
available.

The overhaul operation requires one man of skill level {7) and
one of gkill level (5).

The basis for consideration of multi-shift operation is
recognition of the neceseity for a common time base for demand
and service rates. In this example, lLecause the operational

and maintenance schedules are on five-day weeks, a daily basis
for failure ond repair rates is suitable. A two-shift main-
tenanc? schedule, rowever, provides twice as much repair time
per day a8 a siagle shift schedule. This results in a utiliza-
tion factor (F) fcr two-shift maintenance, corzesponding to one-
half thne one-shift value (see paragraph 8).

The utilization factor is givea at (P, =.10) ior two shift main-

tenance, and (P;=.20) for cne shift.

The operztional readiness levels to be investigated are

IR;=,90), {Fy=.55), and (R3=.98). The table below gives combina-
tions of maintenance teams (C) and sets of engine spares (s),
satisfying (Ry), (Ry), and (Rs), =vspectively (. hese are obtained
from the gueuing tables N=40, P=,1 and P=.2).

TABLE III-1
R R R
Two Shift Cc ' 8 ¢ % 8 ¢ ° s _
P =.1 6 7 7
5 1* 6 3 6 5%
4 4 5 4* 3 7
3 14 3 i3 4 16
Cne Shift 12 4 1 5 13 9
P =.2 9 510 7 1 10
7 8 16 ~9 1%
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Assume that the annual cost of a repair channel equals the
annual cost of a spare set of four engines. To find the mini-
mum cost for each {R), it is only necessary to f£ind the mini-
mum total of (C+s).

These values are indicated above by underlined entries. The
(C) entry must be multiplied by the number of shifts to ob-
tain total cost. The optimum policy, which is indicated by an
asterisk, call for two shifts, in all cases.

An adjustment to each repair channel must be performed to com-
pensate for sick leave, furlough, etc. (this is taken to he 0.2,
see appendixVIII) .Additionally, persornecl are required in the
system tc replace other personnel leaving due to discharge, etc.,
as a stable personnel system is required. To achieve this,
suppose that the number of men at skill level (5) must be equal
to. or greater than, that at level (7). For every two (5) level
pecsonnel, one (3) skill level person and one trainee are re-
q.red. Since the repair team consists of one each at levels
(7) and (5) skill, no additional (5)'s are required. However,
for each (5) level, one additional man is required, i.e.,

1/2 (3)-level, 1/2-trainea (T).

Requirements for optimal policies are tabulated below.
TABLE III-2
R,=.9C R, =.95 R,=.98

Skill Level 7 5 3 T 7 5 3 T 7 § 3 T
Personneil 10 10 5 5 10 10 5 5 10 10 5 5
Adiust by .2 2 2 1 1 2 2 1 2 2 1 1
Total 12 12 6 6 12 12 6 6 12 12 6 6
fasource Cost 11 units 14 units 17 units

In the examples which follow, pipeline personnel and backup are
not considered.

7.2 Application of the Optimization Technique

A standard operation in military an4d industrial operations is

the periodic calibration of test equipment, and repair and re-
calibration of failed tast equipment. Suppose a type of test
equipment is required to be calibratsd every month (x~30 days).
These test sets are used by 10 repair teams (N=10). It taksa

10 days for the calibration cr the repair and recalibrescion

action (y=10 days.). The test set haz a nean time between failurs

180

oot et e . . . e e




‘of 6 months (t’=180 days).

A tactical requirement is that 8 of the 10 repair teams must be
operable (N =8). It is possible to vary the number of sgezvice
channels ‘cﬂ and/or the number of spare teat sets (s) to aatisfy
the tactical requirements.

Befcre using the tables, it is necessary to determine (P). lLet
the mean arrival rate of a test set into the repair shop be

approximated by
Mottt Jlx(t’ -X/2) 17 £5x (111-27)
and
w=1/¥,
so that
D=L,
=,364,
=, 350. ‘
Turn to the section of the table with (N=10) and (P=.35000).

Indicated below are the possible combinationes of ) and @) to
satisfy the tactical requirement (N°=8)=

< s
3 5 or more !
4 2 or more p
5 1 or more

6 1 or more -

It may be of interest to determine a least cost method of ac-~
chieving Ny in the preceding example.

Let the vtotal cost equation be

#If A=1/x, the quantity would correspond to mean arrival rate
for calibration only.

W
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2= b+Ce (W+s8) £, : (r1x-28)
where

3= Total cost,

b= Cost of a repsir temm. e.g., $25,090/year,

e= Cost n0f a calibration/reprir channel., e.g..

f= Cost of a test set, e.g., $1,000/year.

All are expreased in ccsi per wnit time. It is known that BON,,
C>1, and £X0.

The clange in the total expected cost per change in number of
repair teams is

Eb_=bef, : (I11-29)

where the associated change in number of repair teams is symbol-
ized by AN, .

Similarly, for calibratiow/repair channels,
Ae, =e (111-39)
and Aﬁo_c '

and, for spare test equipments,
Af = £ (111-31)
and AN, -

Starting from

| a *=(F_+1)p+3er (B +1)£, (I11-32)

compute AN, , AN, __, and AN, _, using the numbers from example 2.

* a1=$249,000 with Cemin 3.
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Por a chaxge in the number of rerair teams,

§=3 P=.35 C=3 =0 d,=.302
¥= 0 Pe.35 C=3 s=0 d_ =.319
AN, =K R -N R : (111-33)
=.528,

For a change in tha number of calibration/repair channels,

N=9 p=,35 c=3 8=0 d,=.302
R=9 P=.35 C=4 £=0 a,=.266
AN, ,=d,-d, (311-34}
=,034 .

FPor a change in *he number of spare test equipments,

¥=9 P=.35 c=3 5=0 d,=.362
N=9 P=.35 c=3 s=1 a,=.247
AR, =4, -d, (111-35)
=.055,

Porming the ratios as follows

18, /(b+E)=2.03x107°,

AN /e=5.8x10"°

g , and

AN /£25.50x10"°,

choose the ratio AN, /f as representing the maximum incremental.
return per unit cost Jhvestment. Stated in another way, if
{N=3), (C=1}, and (s=0), the least costly actica is to increase £ by i,
in order to apprcach the tactical requirement of 8 out of 10

active repair crews.
Tre reference point of the second computation cycle is estaklished
by the selection made by means of the first cycle, viz., increase

(s) by 1. The table below shows the result of carrying through
this analysis.
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Computation

Cycle .| < L]
Start 9 3 ]
1 9 3 1
2 9 3 ? q
3 9 3 3
4 ° 3 4
5 9 4 4
Stop

7.3 Approximatior, Techniques to Two Levels of Maintenance

The tables are exact fcr one level of maintenance. However, a
very good approximatior. to the manning problem, on two levels of
maintenance, can be made uirirg the tables. Alternative proce-
dures to be used are given in succeeding paragraphe,

Typically in the United States Air Force, a weapons system, such
as an all weather fighter - interceptor, will depend upon a nunber 4
of distinct 'naincenance shops to maintain it in a state of cpera-

tion or readiness. For the most part, these shops, along with

the particular subsystems they support, will independently con-

tribute unreadiness to the weapons system. Furthermore, a

shop may be dependent upon a secondary shop for support, e.g.,

flight line team performs maintenance by replacement of a black

box, aid the faulty black box is repaired by a maintenance shop .
team. The personnel are assigned to either location, dependent

on skill capabilities. s

Consider a subsyatem having a failure rate of .1 per hour
(\=.1), and a repair rate oL 1 per hour in flight line mainten-
ance (1;=1), and a repair vate of .5 per hour in the maintenance
shop (u3=.5). There are 25 operational aircraft, which means
that at most 25 subsystems could be operated simultaneously
(N=25).

It is desired to determine wvhat combinatizns of flight line main-
tenance teams and maintenance shop repair channels will satisfy
the requirement that the mean number operable will be 18, (N°=1B).

Approach

A general approach which is applicable to muiti-echelon supnort
systems is to use a probabilistic activity network to estimats .
the service time. This method permits accounting for travel, ]
time to acquire tast equipmert, and logistic waita., (35ee paragraph
9.3 for an application of this techniquej.
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The following thiee approximation techriques may be used, and
depending on circumstances, one will usually be a better fit
than the others to actual maintenance policy.

a. Assume the maintenznce shops contribute independently
to down subsvstemg. Since the number of down units
will be the sum of the down contributions for the
flight line teams and the maintenance shop repair
teams, any combination of D,+D;<D-N, will satisfy the
system requirement. Thig approach is satisfactory
when N >>D, +D, .

b. Based on N, determine the average w it for the black
box repair cycle. Adjust, accnrdingly, the amount of
time the flight line team sperds to replace the black
box. This approach will, in yeneral, provide a good
estimator of system behavior, presuming the flignt
line team stays with one subsystem until restored to
operation. ]

¢, Assume that the effect of the second level of mainten-
ance is to reduce the number of cperable subsystems which
the £flight line maintenance teams will service. The
initial computation is made ignoring the flight line
maintenance teams. Adjust the méximum number of units
the flight line teams will be recuired to support.
Calculate the number of units down, based on this
adjustment,

Each of the approaches may be extended to include the cost op-
timizaticn procedure.

It is of interest to note that although the assumptions vary
widely for the specific approaches, the results are quite simi-
lar.

Approach 1 (Independent Shops)

let:

N=25 N =18 1,=1.0 tp=e5 =1

then
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The following tables are derived:

C, =Flight line teams

<, 2 3 é 5 6

D, 6.15 3.10 2.45 2.33 2.28
Ca=uaintenance shop channels

C, 4 5 6 7 8

] D'a 6.60 5.03 4.45 4.25 4.20

The combinations of D,+D,<N-N, providing feasible solutions
to meet the operational requirements ara

C: C,

4 or more 6 or more

If a cost difference exists between flight line and maintenaace
repair teams, the election should be based on:

din [a=a, C +a C ]; D +D <N-N_, (11Y-36}

where a, and a, are the cost of a flight line and maintenance
ropair team, respectively.

Approach 2 (Cchanging E}

In this approach, the waltmg time by the flight line teams to
acquire an operable blrck box from the ma:mtenance shop is firs:
computed, Using tables (N=25) and (P.=,20300), <he followmg
values can be read off for {p.}, and the rest of the entries are
derived from (n,).

c, 4 5 6 7 8
n, .264 .201 .178 .170 .168
¥, . 6.60 5.02 445 4.25 .20
<, . 3.68 | 4.00 211 .15 3.8
£, . 1.59 [ 0.51 0.17 0.65 0.02
£, 3.59 251 2.17 2.05 2.02
156




-

- rry e

The value of Hy is adjusted (“'1) to compensate for t ..
2

t =1, {111-37)

t =t1+t'.,3. {111-38)

n=1/t', and (111-39)

P;=R/h;. (111-40G)

The @) ,0btained by looking in the tables under (N-25) and
\P=P{), represents the total unreadiness of the fiight line
teams and the maintenance shop teams.

The results are tabled below in terxmz of {C!)‘ {C.), (P'). and
D=<7. : 1

C, 4 S 6
B, 2;/prox. Approx approx
0.26 i5 0.12
}
c1 3 6-37 "!’. 22 |
4 9.85 4.18 3.04
5 730 3.53 2.78
6 7.00 3.29 2.70
7 5.48 3.27 2.70
-
Summarizing,
& G
3 or more 5 or more
§ or more 4 cor more

Approach 3 (Changing N)

The approach of units awaiting or undergoing service (n,)in the
maintenance repair shop is calculated as in approach 1 (since
g=0,nys=d). The units used (N,) for calculations involving the
flight line are as follows:
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W %y, .. and (x11-41}
HQ ,2 ﬂl-—s‘Da . (X11-42)
Pe,l )ﬁlo ,2 ﬂo'tﬂmi.n i8
c, a4 | s 6 7 8
L5 ,2 18.406 19.97 20,55 20.75 20.B0
2 14,55 16.42 16.83 16.92 16.95
c, 3 15.:52 17.85 18.33 13.49 18,53
4 16,69 18.0% 18,862 18.68 18.72
S 16.73 18.15 18.68 18.76 14.82
Summarizing.
- o S
3 6 or more
4 or more 5 or more

' 8. Dimengional Analysis and Sensitivity Analysis

Epplication of any analytical routine is dependent upon main-

taining a conaistent dimensional system.

The routine described

in this section assumes consistent dimensions in all parameters.
Some parameter imputs, however, are normally cbiained in dimen-
sional units which require conversion to be consgistent in the
system. Failure rates, for instance, are usuclly obtained in
units of failures per operatiomal hour, and sarvice rates in

terms of repairs per maintenance hour.

These dimencions are

not consistent valess the operational schedule conforms precisely

to the maintenance schedfiile.

To eliminate the problem of incon-

sistent dimensions, failure and repair rates shoculd be convertsd
to a time basis vhich has common definition.

For instance, if operaticnil and maintenance schesdules are ex-
pressed in terms of a repetitive wsek, the weskly time basis

should be used as follows:

iliuli:e!:nat::&vefy, No =i, ;=N-Dy may be used fur the effective number
tenance repair shop;: either

of working units seen’by ths

soluticn will satisfy requirements.
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Let
},,= failure rate /operational hour for one
operational uvnit, and
A = failure rate/oparational week = failum/tau/
mintenme week.,
LY N ” )\‘ .?
whee
h, .= operational hours/week.
Iet
Ry ™ service rate/maintenance hour,
u,, = service rate/maintenance week,
= gservice rate/operational week, and
)"t' hn oHue?
where
.y~ Baintenance hours per week,
and

b = X'E/u'tt “

If more than one maintenance location is involved, with differ-
ent work schedules, a sSrvice rate (1) will be computed for each,
contributing to different utiliszation factors.

As an axample, conzider an organization with the £allowing
characteristics:

LA 0.5 per opsrational umit,

My, {organization) = 1,0,
A, (fie'd shop) = 0.5,

LY
Upsrational schadule = 4 houva/day, 7 days/wesk,

Organizatiaonal maintsnance schedule = 8 houcs/day,
7 days ‘weak,
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g Pield maintenance schedule =16 hours/day,
‘ 5 days/week.
‘Then
A, =(28) (0.5)=14, (I11-44)
oy (organization) =(56) (1.0)=56, (1I1~45)
u,, (field) = (80) (0.5)=40, (I1X-46)
and

P ol ST (organization)=0,25, and (II1-47)

oers

P .., Ju,, (field) = 0.35. (I11-48)
8.1 Praventive Maintenance

Preventive maintenance (PM) requirsments are accommodatsd in
either of two wvays, depending upon vhether preventive mainten-
ance forms part of the prizmary workload or is a secondary work-
lcad. A quidelina for this determination is tne level of
priority for scheduling preventive maintenance. If it can
pre-empt a corrective reps..r, it is nrimary workload, bat if
PM is performed only when operational 'mits, personnel, and
facilities are uncommittod to corrective tasks, it is secon-
dary.

In moat cases, PM is considered secondary workload, and it is
only necessary to det:rmine whethear sufficient unutilized time
is availadble fr~ its zcoomplishment.

The number of sarvice chinnels available for secondary worklosd
iz c-C . vhere " is the number of chainels assigned and € the
o ~n noader of busy channels. The time xvailablie for n&ndaw
varkload is called "idl~ time” with re; pect to primary werkloal,
and ia

r~n  (CC ). (I1149)

It is roquired to determine whethar preventive maintenance

(and other sscondary workioad) is less than the *imw available
for secundary worklozd. The suse procedure is used to deter-
®ine the capacity for other secondary workload. It shorld be
noted that usuai levels Of operational readiness achisvesent
riguire idle time with respect to pr.mary workload. Utilization
of this time for mecandary workload is frere. T..~t is, within
the limits of id‘e time availadility, secondary workiond oan
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be added at no additional cost for personnei and facilities, ' '

and oftsp for repair equipment For this reason, it i» often

feasible to incorporate at no cost such sccondary workload as

module repair, at a forward shop where this 13 not part of the
. primary workload.

If insufficient idle time is available, it is nece=sary to
increase the number of personnel assigned. Depanding upon '
the magnitude of neceasary increase, this ca2n be accomplished
by adilhg channelis. by adding a channel on one shift of a
wulti-shift schedule, or by increasing service channel team
size., Ir any case, the medification wmay provide opportunity to
reduce sgpares, while maintaining “he required operational readi- !
ness level, If PM is corsidered part c¢f£f the primary workload,
its utilization factor (P) is added to that for corrective ﬁ
maintenance, in consistant dimeneions, as described in pre-

ceding para.raphs on dimensional analysis.

Brrors

Bstimation of failure rates and servicee rates is subject to
some degree of error, particularly when the equipmenc has not 1
been built, or even completely designed. Use of the manning
tables car detemrmine the significance of the estimated para-
meter error. In many cases, errors are compensating, and in _
others, otherwise s' vuificant errors are rendered innocuous by 4
virtue of the effeci of asymptotic relationships.

An error in failure rate {\) has the same effect as an error
in operation rate (schedule), and an error in service rate
has the same effect as an error in maintenance schedule. The
effect is a change in the value of utilization fuctor {P),
realizing that it is the ratio N\/u in which error is signifi- {
cant, since P=)\/i is the demand factor d~temmining manning

requirements. An error in estimating si}ill requirements for a
task can result in an error in service rate, or in pipeline +
personnel.,

error is to copare unreadiness values at reascnarle errxor
limits, and consider the advisability of medifyirg manning
asgignments to reduce the cffect on unreadiness Following is
a list of error sources and effects on manning.

The recommended. mezns of determining the effect of expected l
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Parameterx

Fallure Rate. Affect Utilization
Operating Schedule. Factor (P).

Service Rate.
Maintenance Schedule,
Skill Level Requirements.

Utilization Factor, Affects Unreadiness /4d),
Service Channel, and
Spares Requirements.

Skill Level Requirements Affect Pipeline Personnel,

P,'l, personnel turnover rates.

9, Workload Determination

The foundation for the prediction of personnel requirements lies
in the hardware and its demands for and application of marning
and skills. The initial step in establishing manning and skill
requirements is the determination of the relationahip between
periormance/capability requirezments and the equipment’s
reliability/maintzinability characteristics, and the work cre-
ated by the relationship. This provides the basis for estab-
lishment of repair channels in terms of skill teams or work
shops., Failurs rates (\’s}) and servicz rates(u’s) for the
equipment are developed by means of existiny reputable relia-
bility and maintainability prediction techniques.

Having established tasks that will occur, it is necessary tc
package these task. for assignment to repair channels, The
task responsibilities of a repair channel are called a “skill
package." The skill package is identified with a repair
channel type and with a personnel subsy:stem. The total main-
tenance personnel system is composed of personnel suhsystems,
each associated with a subsystem skill package of the aystem.
The bghavior of the personnel subsystem is described by an
accivity model. This activity model is described by a finite
cyclical gqueuing process.

9.1 Performance Requirem~its

Duriang each working shift, the gystem must be capable of per-
forming its prescribed function, or operation, for a specified
duration and/or frequency.
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Weighting frequency with the duration of each occurrence gives
rise to. a total operational capability during asach shift.
This requirement may take the more precise form:

a. Operating time per unit calendar time cof which the
operational unit should be capable.,

b. Number of operations per uanit calendar time of wiich
the operational unit should be capable, and duration
of performance per cperatiocn,

In establishing operational capability, it is desirable to
differentiate between maximum, average and regquired performance
capability.

a. Meximum operational requirements are difficult (il
jossible at all) to specify quantitatiwvely.

b, Average performance requirements are those that can
be expectea in a quiescent state in the usage the
system experiences as *he result of either training
personnel or equipment exercising. Average perfor-
mance may be considerably less than performance
capability required.

It is important tn note not only the relationships ai ong
parameters, but also the effects of parameter variation. A
change in failure rate ()\), or repair rate (u), for example,
can result in a change in the achieved value of operational
readiness, or personnel and spares regquirements, with a con-
comitant change in system support cost. In view of thase
relationships, manning is an optimization, based upon "skill
packaging" tasks. It is significant that an error in estimat-
ing the skill requirements for a task package results simply in
an error in the repair time.

9.2 Tasks Identified with System Functions

A system function may bLe defined ss the level of equipment
definition for which it is possible to specify a distribution
of skilis. A system function is identified with eguipment.
Each equipment is characterized by demand rates for mainten-
anca support. Jonsider the following functioi breakout of

an aircraft,

The aircraft (operational unit) is itemized in terms
of fundamental functions, e.g.,
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Fire Control Air Frame System

Propulsion System Communications .
Armament System Navigation

Pilot System Hydraulic

Landing System Safety (e.g., fire extin-

guishers, de-icers,
ejection systems)

Determination of Tasks

The fundamental building block of the manning techrique is ¢he
task. Ideally, the task is identified with a black box in the
operational unit. The operational unit is comprised of a
fixed number of black boxex.

For the purpose of analysis, the task is defined as a black box
having the following demand rates:

a. Occurrence demand rate measured by failure rate, and
L. Performance demand rate.

For e=rh demand occurrence, there is a3sociated a duration of
periormance. This performance will reguire a rumber of per-
sornel of a specific skill type and level. In the establish-
ment of performance rates, it is assumed that a rate will de-
pend or a task, and on the skill level performing the task.
Random processes are assumed and mean rates are estimated, based
on exponential processes.

Each combination of occurrence rate and %ask performance dura-
tion may have different skills and numbers of personnel required.

In summary, the black box task concept amounts to dividing
maintenance requirements of the or rational unit into reasonable
work unita or task packages. A "rcvasonable" work unit may
consgist of things to be done on the same occasion, but which

are not conveniently performed simultaneously by different
people. These things-~to-be-done (tasks) will require the same
gkill field. The work may r-aquire primarily high skily, with a
few low skill elements but, typiczlly, not the converse, since
the latter would lead to irefficient utilization of highly
gkilled personnel. The exception will arise when the workload
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leads to requirements for only one or twd men in a particular
field, =2t a particulax location. There will be borderline
situvaticns vhere there is vome question as to whether a parti-
cular group of actions should be considered as one, or as

more than one task. Little time should be spent in making
such decisions, since they will almost nsver make a signifi-
cant difference to the final result., In practice, the actions
will generally be assigned to the same team, even when they
are considered to constitute several tasks.

2.3 Activity Network for a Simplified Aircraft Function.

Consider a fire control subsystem conprised of an electronics
black box. Electronic repair is performed by removing the
black box on the flight line and replacing it with a spare,

if available. The faulty black box is repaired at the field
shop. The activity network for removal and replacement of the
black box is constructed to depict the activities and events
of the action.

T™e spare or replacement black box may be obtaincd through
one of several routes. These routeg and their characteris-
tics form the kasis for the network:

Activity characteristics ace noted on interconnecting lines
between circled numbers representing events.

The estimated values for these activities are:

Activity Estimated Vaiues
t, =travel to maintenance shop .3 hours
t_ =place faulty box in repair lire «2 bhours
t,=take box from ready inventory .1 hours
t =await repair 1.5 hours
t_ =obtain box from base inventory 4.0 hours
i65




tg=return to aircraft «35 hours

plnprobability of occuirence of t, 235
P, =probability of occurrence of t, «60
p,=probability of occurrence of t, «05

The expected time duration spent in acquiring the black box
is:

E =t +t +p, ty+p t +p Lt +t, (111-50)
~2.L hours., ’

9.4 Tradeoff of Spa~es at Different Assembly Levels

Consider a squadron of 20 aircraft (M=20). The return in opera-
tionai readiness from an additional spare black beox (AR,) ius
0,0005, and the cost of the spare is $2000. Altermativelv, 2zn
additional aircraft can be acquired, decreasing vnit airvratt
readisiess from 0,750 to 0.745 with no change in support fac»ii-
ties or personnel. ‘

The return in capability per unit cost of the spare black
box is

r =m"R /C, =20XC..0005&8000+1,25X10 ", (I11-51)
For an additional aircraft, the unit return is

r, [(m+r)R, -mR,]/C =[{21)0,745-(20)0.750]/500,000Q

=1,29X107°., (I11-52)
Obviously, the rate of reoturn in capability for the additional
aircraft is greater per unii cost than for the spare black
box indicating preference for an additicnal aircraft. Conver-

sely, an aircraft is less costly per unit return in readiness.

9.5 Interpolation Techniques for Subassembly Sparing

Supposa the skili package consists of

(1) repairable assembiies (modules)

(m} =a2@ssemdliem requiring pieca pasv iwpair, and

(n) off line »reventive maintenance actions




e A AR 1 LR A AR

The contributions to the utiiization factor will
1 1
P, =P =2\, /u,) (IXI-53)

i=l 1=y

L] ]
B, =Sp, =0\, /i) (ITI-54)
smy - g
Py=EP, »3 (A, /it ) (IT1-55)
pmy g

The utilization factor for the skill package will be
P, =P +P, +P, (III-56)

Since the repairable assemblies make unequal contributions to
the utilization factor ond can differ in cost, it is required
that 2 method be established to choose between assemblies.

The chinge in unreadiness between having no spare and one skill
package spare is

ad,=(d,-4,) (111-57)

Since only (P,) portion of the utilization factor is supported
by spare repairable assemblies (assuming part spare availability)
unreadiness can be affected by providing spares associated with
this aspect of the work load only.

Suppose there is only ~ne spareable assembly in the skill pacliage.
The effect on unreadiness as additional spares are allocated is
illustrated below.

Spares Unreadiness Change Unreadiness

1 A, =(d -4, )P /P, d,-(d4,-4,)p, /P, (III-38)
2 a4, =(a -4, )P, /P, a,-(a,-1 e, /P, (IIX-59)
i Ad =(a _ -4 NP /P ) d,-{d,-a )p /P, (IT1-60)

where the skill/hardware package is comprised of more than one
spareable assembly, the multinomial probability distribution is
uvsed for interpolation:
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If the distribution of spare assemblies is
B,s8,s Bgo 18 s
the maximum demand for upares that could be satisfied is
n=g,+8,+8,+.. . +8, . (XII-61)
Thera is a probability of satisfying any demand
n-1, i=o, 1, &, ...n,

a fraction of the time. In order to interpolate, it is required
to determmine the probability of satisfying a demand for (n-1)
spares, (i=o, 1, ...n) :;jiven thzt the demand occurd. ‘thus, if
(ney) is the wunker of ways in which the demand for (n-i=j) spares
can result from differen subassernbly demands, and /n,;) is tho
number of ways in which the liscribution or spares (Syeeees3s)

can satisfy that demand, then the fraction of tlme that the distri-
bution of ass=mbly spares will be equivalent to the same number of
skill package/hardware gpares is

D I T (I11-62)

I

The unreadiness of the hard/are or skili package as a result of a
distribution of gpare asseublies is as follows:

For a spare assembly corplement
81, saq 83' ooos‘, ooosl

let a minimum (s,) be (m)

a1l
a=a (m)-£(d, -4, ,,)D,, (I11-63)

' g
The tabie below illustrcates for the case of two types of assem-~
blieg, the unreadiness as a function of various combinations of

assembly spares.
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Asseubly Tyvoe Unreac.iness

! b} 2
i
; 0 0 d,
' Spares 1 0 do'(do"'dx)Pn*
7 ? 2 0 do'(do"da)Pix
¢ 1 1 dl-(d1 -dB)ZPan
2 1 d,~(d,-d,) “’:1‘?‘2"111’“’
f 2_ 2 dz'(da ~4,) (3P11P19+3P11P:a)
-{d,-d,) (6P} P} )
*P,,=P /P +P , P =P /P +P, (1I1-64)

Tables III-3 and IZI-4 illustrate two speciiic cases, for three
assembly types, and for (¥ types.
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SPAKES INTEMPOLATICK - THREE MSSENBLY TYPES
TABLE IIi-3
ASSEMBLY TYPZ UMREADIMESS (&)

1 2 3

; 0 0 0 4,

| 100 d,-(d,-,)p, *
1 1 0 do-{do-d‘)l’u-c-P“-(dl-d!)2pnpu
1 21 ,-(d,-a,) (2P, P _+ 2P P,

+2P"P13)‘(d.'da)apglPlﬂpls

2 00 3,-(d, -, )P,

2
¢ 11 dl-(dl-da)(911+2P11P12+2P19P13

)"(d- 'da) BP:xpu

SPARES

«|»21>1 1 P1 a

+3P] P, +6P P, P ;)

-Qd,-d‘n.zp‘upnp” I H

2 2 0 d,-(d -a ) (P ,+F )
-{d,-d,) {38 P _+3p P )

1ty 1112

-(d,-a,16P° P

1112
2 2 1 d,-(a -3, )P +P
-(8,-4,) (39} P 4307 p |

11712

39 3
+3Pnp§2&3?‘2913*69111913!13)

-(a,-a,) (697 P2 _+12P% P P,

LR SER S 127 1%

’ 120 P2 P ) (7 -4 )30 PP op

T O

*See NOTZ on Tabis ITi-4.
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SDAREG VNTEWPOLAYTON - N ASSEMELY TYOES

T III-4
ASSEVRLY TYPES  UMREADDMESS (Q)
123 2009 4. 1 _
00¢...00...0 4
100...00 ... 0 d,-(4-4)p
SPARES i 11 .00 10 oeu© ao-(ao-413§191‘ ‘

5 8
-(a,-4,)(z 2 P P,
1 =1k =)

irk

[ 3 ] &
-(a,-4,) (£ @ P P
{=mle =] g =1

L] §
""(d‘ -1 -d‘) (zia.zpliﬂo.Pl‘

1= (=1

R’
NOTE: P, =B ’m’; =P /pt (TII-65)
1
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Mditionai Concepts on Subassewkbly Sparing

1. If the subsystem comsists of (s) idectical svbassesblies,
each with failures rate (\) and serwice rate (i), the aggre-
gate fzilure rate is (n)\)., and

Penia Ju {(I21.-65)

vhere (P} is the utilization factor. A spare li.o.sts of one
subasaeably.

2. If (m) of (n) J entical subassemblies are redundant and
inactive, then aggregate failure rate is [(n-m))], and

P= (n-m) A/ (II1-67)

A syare consists of cne subassambly, with {(m} spares al. wdy
assigned,

3. If (m) of (n) identical subassemblies are actively re:m-~
Jant, the aggregate fa’iure rate is (n)\), and

Pen\ /L (II1-68)

A spare consists of cne subassembly, with (m) spares already
assigned.

4, If the subsystem consists of (n) subassembly types, and
(m,) subassemblies of type (i),

B
I, A, =aggregate ‘ailure rate (II1~69}
1

a
P =5m A,
1 K3

The interpolation technique dz=critad preceding is required
to detemmine the optimai spares mix.

Comment on Optimizaii-n

The rate of change in unreadiness depends, of course, apon the
distribution of assembly spares. The optimum mix is that pro-
viding the greatest preturn in readiness per unit resource
cosi. Optimization is practically accomplishe’ by selecting
sparvs increments based upon marginnl return in readinrss ver
unit of resource cost.
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LA™,

™e distribution of aaserivlies for assiynment of the first
spare is determined from the ranking of noxmalized utiliza-
tion factors (P1:;). Assignment of a sacond spare depends
upon the cantribution of the zecond power of the appropriate
normalized utisization Zactor being greater than that of the
normaliczed vtilization factor of the alternate candidate for

a first spare, (P}, 24 OP ,4d|). Subsequent spares are assigned
similarly.
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APPEJDIX IV
SXILL SENSITIVITY TABLES
1. INTRODUCTICY

A multitude OF factors are directly or indirectly reiated to
system maaning requiraements. An analysis of the significant
factors has heen made and the results appear in tables IV-1 and
Iv-2. For thege tablea, tha description of each factor in-
<ludes its identity and the measurements of primary concern

to mamning., Bach factor is mated with its rel=ztionahip to per
sonnel in a system. The measurea aze given balow the identifi-
cation of the factor. The personnsl are classed in eitt.ar
maintenance or operatior dategories. Relations given in tlra
tables represent rough-cut effects of a change in the factor

as refiectad in changed manning requirements.

Factors have been selected according to their potential
importance. In marticular situations, any factor may loom
larger than cthers. The magnitude of effact of a particular
factor depends on the magnitude of its change.

[ J

Fase of estimation of the effecta of a factoxr is closely
ralated to the basic ease of measurement ¢f the factor itself.
However, in most cases, the uncertainty of an estimate stems
wore from the uncertainty of input data to the estimacing
process than frow errors in tha estimating process itself.
Uncertainty <f input is inevitable. By using these factoxrs as
guides, the degree of uncertainty is minimised through clear
establishment cof (he type of input data that is needed. Here,
the benefit lies in assuring that valuable data which are
attainable will be made available.

Factors in the tables may be classified both according to their
association with the equipmaént, and to their effects on the
manning reguirements of the system. Takle IV-l contains factors
ralating to hardware and its applications. mpabls ¥V-2 contains
factors relating to support equipment and organizatiou. Some
factors affecc primarily the man-hours of actual labor required.
while cthera affect primarily the efficiency with which men can
be used - the frattion of the time they are wecixking productively.

-+« CONDITIONS OF APPLICABILITY

The »mplicability of tables IV~1 and iV-2 is limited as follows:
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a. Relationships provide approp: icte approximationa where-
aver new systems of equipmen.s can be viowsd se consici-
ing of hardware similar in type to that of existiug
syetens or equipment. The accuracy of the estimate
will depend, in part, upon the degree of aimilarity.
¥or example, application of relationships tc mairtenarce
manning requirements on inertial navigation equipment
are appropriate, using other inertial n=»vigatior equip-
ment as a basiz for comparison, but not using atellar
navigation equipment. Note, however, that computer
suhsystems in both systems might be appropriately com-
pared.

b. The consequences of queuing (random workload require-
ments) must be considered as modifying 2ll effects in
the “ablies. Queuing effects are discussed in appendices
ITI and VI

c. Manning adjustments should always be based upon personnel
skill s; 2cialty codes, aince reductions or increases in
manning are directly related tv red: :tions or increases
in speciiic akill hours of wc~k available.

3. GENERAL CONTENTS
In table IV-1, the fspecif.c factors can be categorized as follows:
1l to 6 -~ Character:stics appropriace to estimation of

requirements for skill and man-nours of actual
labor. Apply at all levels.

7 to 9 ~ As applied to hardware, same as 1 to 6. As
applied to personr.el, characteriatics of the
utilization of the hardware which affect the
accomplishments possible Ly 2 man in a given
time.

10 to 11 -~ Characteristics of the system at the equipment
level which affsct the reguirements Yor actual
{skill) man-hours of labor.

12 to 13 ~ Characteristics of the organization using the
equipment, which affect tlie officiency with
which men can be used (i.e., proportion cf time
which men are not "idle” with respect to their
Juties associated with their primary AFSC).
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14 to 15 - Characteristics of the uae of the equipment

which affect the efficiency with which men can
be used,

Por table IV-2, the factors may be citegorized as.

1 -
a -
3te § -

Characteristics of maintenance g iipment affecting
skiil and man-houre of effcrt required to maintain
the operating and maintenance sequipment,

Characteristics of organization for mainterance
which affect the efficiency with which men can
be ussd.

Characteristica of crganization for maintenance
and logistics which affect equipment downtime
for repair. Manning often may he traded off
with thees characteristics in order to achieve
a spacifiad eparational readiness.

The f£actors which aifsct ths amount »f actusl man-hovyvs of
labor required can be dealt with diractly. Those affecting
"idls” time reguire dealing with the interrelations oi v ~ious
fectors which ara invelved in queuving problems.
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APPENDIX V
DETAILED PROCEDURE FOR
DESIGN/SUPPORT ALTERNATIVE ANALYSIS

L. CENERAL OPERATION AND SUPPORT RELATIONSHIP TO SVSTEM VALUR

Regardless of the set of migsicn requirements that is established
for a system and transformed into parformance parameters, when
thesa parameter values are transformed intc a proposed hardware
configuration which meets the value requirements of the aystem,
the task remains to determine how to get the most for our opera-
tion and suppeort investment, What is desired to maximize for
this investmer: is directed to the specific mission{g) which the
system is tc acrcomplish., In general, what will be required is
achievement of operational readinsas.

After defining a specific design alterrative in terms cof hardware/
3oftware, the next task is to evaluate the effect of the applica-
tien upen cost and cperaticnal performance. Fivsi, it must be
understood that tre sole purpose of thc operational/support system
is to keep the system either operational or in a state of readi-
ness. Thus, given a design alternative, the best method of support
must be determined, considering the slternatives. T achieve this
end will require evaluation of suppo:t alternativea. The
evaluation of support alternatives consists of determining
demonstrable differenceg in operating and maintenance personnel,
quantities of spares, support equipment, etc., The support alter-
native. selected in conjunction with each design al‘:ernative must
permic meeting the operaticnal re¢adiness requirement in the least
costly manner with that design aiternative.

The significance of and necessity for this lies in the recognition
that. design alternatives should be evaluated in terms of total
evpected costs established under unbiasec¢ conditions. A good
Aasign alternative can be made to ook bad from the cost point of
view, 1f the design of the support alternative will result in a
nigh cost support structure. The analysis required to establish
the least total expected cost based on the operational environment
is amenable to incrementsl analysis, using total expected cost
differences. The orocedure which follows is based on the three-
echelon United States Air Force support system,

The principal problem in analysis of the support system iy

deterrmiring whese someching is to be done, if done at all.
Generglly, there will he considarable latitude in terms of dezign
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alternatives, but this latitude wili be constrained by already
existing support racilities, skill cipabilities, and opera-
tional requizments of the system. Given the preliminary
operational and support structure constraints, a relacively
gsimple elimination procedure can be employed for evaluation of
alternatives. Table V-1 illustrates the range »f alternatives
for the support of a svatem consisting of three levels of
assambly. For each.level of assembly, a decision must be -
relative to two questions, (a) if that level of assembly fails,
shouid it be repaired?, and (b) if it is repaired, where in the
support system ghould it be repaired?

In establishing the answers to the questions above, it i=s
desirable to perform nc more computations than necessary.
Table V-2 presents one sucli procedure. (Because of the possible
sifferences associated with cost at the factory, and the
relatively infr-quent use of factory repair, costs at factory
are not irncluded in table V-2). The general rule for a devision,
when using table V-2, is simply to choose the least costly
alternative. That is, if

ATJ li<or {V"l)

chooie alternative (j),

conversely, if

L:\TJ,1>0, (V‘Z)

choose alternative (1i).

The procedure which follows is based on the availability of
alternative design configurations, among which an optimum will
ex.3t., If the level of assembly configuration is fixed with
respect to detail mocdile design, the procecdure simply determwines
where maintenance shc:ld be performed.,
2. PROCEDURE
The step-by-step procedure is detailed below:
Step 1, Organization -

a, Select one higher modular assembly configuration (h).

b. Evaluate the cost 0f discard. (Use tabular form
provided by figvre 5. section 4.
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c. Evaluats the cost of repair of the same assembly,
considering that all lower levels are repaired, c.qg.,
modules. (Use same tabular form as (b) above.

d. Compare (lc) with (Ob) above.

e. Make a decision based on equagions v"-i and Vv-2.

Step 2, vrganization -

a. &clect cne of the poesible module (m} confiquraticrs
that is a potential candidate for discard-at-failure-
maintenance (DAFM). The higher modular assembly is
repaired by replacing DAFM modules.

b. Evaluate cost of policy described above.

c. Evaluate least cost result of step 1 again: remember
that the things _hat are constant for step 1 (and
cancelled@ out) will not necessarily be constant in
the revised policy appropriate to step Z.

d. Make a decision based on equations V-i and V-2.

Stepc 3 and 4, Organization - These steps evaluate the same
inwodule repair at tield and at depot. Highcr modular assembly
repair is performed at organization level with the repaired
mcodules.

Steps 5, 6, and 7, Field - These steps avaluate the same higher
modu.ar ascembly and the same module configr:ation, but bypoass

the organizational level, Step 5 repeats the detail of step 1,
step 6 repeats the detail of step 2, etc.

Steps B8 and 9, Depot - These steps evaluate the same higher
modular assembly and the same module configuration, but bypass
the organizational and field levels. Step 2 repeats the detal
of step 1, and step 9 repeats the details of svep 2.

Step 10, Depot vs, Field - This step evaluates the lcast cost
estimate of depot policy against the least cost sstimate for
field acquisition and suppor policy.

Step 11, Minimum {Ficld, Depot) vs. Crganization - This sieu
evaluates the least coat estimate determined in step 19 againsy
the least coust estimate of onganizatiom level.




Result - Thie result of this step.dy-step procedure is the
evzluation of a1 least out estimate of acquisition. oparation,
and support for one ):igher modular asgenbly and one module

c juration. Also, by using the tabular procedure, the loca-

tion of the least cost level of maintenance is Geveloped.
3. SUMMARY

By succeasive rzapplication of the step procedure to .ifferent
module configurations within tha higher modular assemtlv chosen,
{(allccation of module functiona), the least cost mddule is chosen
for its allocated functions within the highar assembly. Then a
different higdher modular assembly is gelectel, functionally equal
to the first, but with a different allocation of functione o
module positions. The wiicle process is respeated. Table V-3
ililustrrtes the refining process towards attaining a least cost
situation involving hicher modular asseably, module, and location
of naintenance. The rsapplication process can be carried out a
step higter, when the problem is finding a least cost alternate
design layout of higher modular assembly types and a3izes within
equipment, etc. There is no limiv t> the ideas involving size
and type of modules, higher modular asseably, equipment, et..,
except that iwposed by practical manufacturing feasibility and
the state-of-_he-art. 7There iz alsc no limit tc¢ * he support
plans that can be devised, except the very practical cne of 2.3k
entailed in getting the plan co work.
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APPENDIX "1

LOGISTIC CRIETERIA ANL METHOLsS FOR
ESTABLISHING SPARES LEVELS

1. SUPPORT ENVIRONMENTS AND SPARING OPTIONS

The differences among design/support alternatives will lie in
cost of spures, unused spares, or in cost in extra downtime,

The method developed herein will involve determining the repair
policy that will pe.mit zchievement of desired operational readi-
ness at minimum cost.

There are four reasonable options for sparing a particular item,
where organization, field, and depot are separate (barring
contingency planning):

a. At

a. At organization, field, and depot.

b. At field an: depot.

c. At depot,

d. Noaxwhere,

Figure VI-l1 zhcws a typical supply organizatioi.

Depo t - ?‘;: D
A L

Fleid {¥ ! |
\ ‘ Flg ng
R e PR

organization  (0) o, | | o, } | eg:} !La“

oot
.

4
ot
1

l !

Figure VI-1 SUPPLY ORGANIZATION

A gqualitiative comparison of costs and other characteristices can
be made among options involving repair ot organization, with
repairs made at field or depot. This comparison is made in
Table VI-1,
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TABLE VI-1,
QUALITATIVE COMPARISON

I ———t . m— ao—— -

Usual 1
Frequency Duration of

Alternative of Shortage Shortage Obsnlescence
Organization
Spares Low Short Jreatest
Field Spares All Failures Short Next

Greatest
Depot Spares All Failures longer Less
No Spares All Failures Lengest None

Thus, the decision on sparing will often be concerned with
where-to-gpzre, rathker than whether-to-spare.

Table VI-2 preczents the relative inwvestment in inventory as a
function of spares location.
TABLE VI-2,

INVENTORY

SPAKES LOCAMION 2NVL3TMENT

Organizacion Greatest

Qrg., risiu Next Greatest

{ Org., Field, Depoti Least

Y

Consider the caze for srgan.z.ticnal ievel spariny only; spares
would have to be provided for every poscible contingency, high
failure rate or low failure rate, hich ussge item or low usage
item. wWhen multinliad Ly the nunber ¢f orgenizations, the cost
of maintaining this ipventory wnuld Indeel te yreat. From the
rankirg {(Tabie VI-2), it scews that the least inventory cost will
occur when stocking spares at the depot, field, and organization.
However, this least cost must be weighed azainazt operational
readinens requirumeaty.




Table VI-3 presents relative cost of spares as a functicn of
spares complexity (level of assembly).

TABLE VI-3.
SPAKRES SIZE
|
CATEGORY RELATIVE COST ;
Parts Least
Modules Next Lowest
Higher Assemblies Greater

The relations in Table VI-3 hold, because of the positive
correlation between cost and size (part complexity).

The above nbaervations suggest an iterative procedure for deter-
mining least cost spare location and category of spare. The
preocedure given below fits any case. Many of the cases, how-
ever, can be discarded by inspection, and only the feagible
alternatives should be analyzed.

2. LOGISTIC CRITERIA

Several methods are used by the Government to determine the
quantities of spares required for support of an equipment or
system, There are many facetsa to sparing policy, e.g., stra-
tegic reserve, location of spares, running reserve, consumables,
high-low value, and cost per item. Regardless of the methods
used, some observations can be mace abour veal differences in
sparesa cogts between design or support alternacives:

a. Spares are based upon anticipated usage, protection
criteria, and cost,

b. Cost differences in sparing requirements will result
from the different demands of design or support
alternatives,

c¢. The difference in spares cost will be dependent upon

the primary criterion invoked fcr eparing. Thare are
thvee reasonable sparing criteria:
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(1) Demand rate based on anticipated usage.

(2) Operational readiness (maximum return per
unit investment).

(3) Confidence, maximum return in protection
R against outage per unit investment.
In general, there are two types of spares, consumables and
repairables. The applicability of criterion (1) is limited to
consumable parts, which permit bulk purchase, and cost-wise will
be of a different order of magnitude from the higher level of
assembly. Provisioning for repairables will be based on recycle
times, which may involve tradeoff with repair location, test
equipment (facilities, utilities), personnel, skill availability,
and transportation costs.

The applicability of criteria (2) and (3) will depend upon
particular circumstances; the significant difference between
these criteria are illustrated in the following:

Attention is directed to the confidence method of protect:on
and the unreadiness criterion.

The general characteristics of the different logistic system
criteria are shown in figures VI-2 and VI-3. In each graph, a
confidence and readiness curve is developed as a function of
time (mission, turnaround, service). The rarameters are spa.e
(s} and expected demand (At). Figure VI-2 has the parameters

s=2 and it=1,

for which the confidence level is approximately 0.92, and the
readiness is approximately 0.97. Figure VI~-3 has the para-
meters

s=14 and »t=1G,

for which the confidence level is approximately 0.92, and the
readiness is approximately 0.99.

For ten components spared equally at a confidence ievel of
approximately 0.92 (the exact values are used in the figures)
the aggregate confidence level would be 0.433 for figure VI-2
and 0.418 for figure Vi-3 Plotting these probability values
on the respective illustrations for the confidence level method.
it can be 3een that the re¢adiness level is much higher. The
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readiness level for figure VI-2 is 0.81 and, more dramatically,
the readiness level rfor figure VI-3 is 0.96.

Thus, for approximately the same confidence level for ten com-
ponents (0.4), the actual readiness of the ten equipments is 0.81
for s=2, »t=1l. and 0.9€ for s:14, A\t=10.

Two relevant questions are: .
a. When will the logistic system run out of spares?
The answer is:

(1) For s=2,\t=1l, at a point 0.81 of the base time.

(2) For S=14,A\t=10, at a point 0.96 of mission comple-
tion.

b. How lcng will tne logistic system be out of spares?
The answer is:

(1) FPor s=2,xt=1, 0.19 of the time base.
(2) For s=14,3t=10, 0.04 of the time base.
3. SPARES UNREADINESS MODELS

In general, unreadiness will be contibuted by spares at all levels
of assembly. The aggregate amount of unreadiness contributed will
depend on three basic considerations:

a. Number of spares, by type.
b. The demand for spares per unit calendar time, by type.
c. Service rate in filling a demand fo- a spare, by type.

The readiness numeric as developed in this report is the steady-
state readiness or —nreadiness.

where different sources contcibute unreadiness (e.g., two depen-
dent repair echelons. spare parts, spare repairable assemblies,
and test equipment), the unreadiness contribuvtions are additive
if they are independent (e.g. paragraph 4 of this appendix}.

Care must be exercised to ensure that sources of unreadiness are
not counted twice, It is to be noted that the different sources
contibuting unreadiness may use different time bases for the pur-
poses of computation and the results remain additive. Similarly,
subsystemr unreadinesg contributions are additive where indepen-
denc:: exists,

In section 4 of the test, a functional sy/mbolism is developed,
which is:

8, _,, “8[support alternative,u(h,u)],

wheye the subgcripts Jdesignate respectively:
isSpecific type,
j=Lavel of assembly, and
k=Location,
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The functiona! u(u)) implies that the unreadiness contribution
is a function of:

u=Service time, and
A=Demand for service.
The total cost for all repairable spares is:

Total Cost (Spares) = ziTe, s, _

%
1 1% !

The subtlety in the foregoing is, of course, in determining
By gee '

The purpose ané rationale for the functional symbolism is thrat,
usually, an optimization preredure will be involved to deter-
mine the actual required number of a specific type of spares.
The type of optimization will depend upon the mechanics of the
particular sparing problem (level of assembly and location).

Situations will arise in which careful attention is required of
alternatives in terms of readiness return per unit expenditures;
e.g., additional logistic support or additional operating units,
A useful criterion for such tradecffs is the concept of "Cost of
Readiness."

If (N) end items are supported over a lifetime of (L) years at
an operational readiness (l1-u), the total ready time isg:

Tr=NL(l~u)=Total expected readiness hours.,
The imputed cost of rzadinegs is:
C,$T/Tr*A*S/T:=Cost per unit readiness.
In the cosze of piece parts, unreadiness was not directly evalu-

ated. The tacit assumptiocn is that the quantities will bz bulk-
vurchased, and that thig wili not be a major source of urvreadi -

" nese. Where the foregoinc assumption is not velid, this situa-

tion can be treated with the same leve of detail .s higher level
of assembly, using the models an? axamples developed subseguently.

4. COMPUTATION OF SPARES UNREADINESS

Spares unreadiness at a given lavel of assembly {higher “han the
discard level) at a given repair location is created according
to the probability that snortaje is developsd for the higher
level of azsembly, coincidentally with a shortage at the lower
level of assembly. Since the net effect of the unreadiness at




the lower level of assembly is to extend the service time, it
is convenient and appropriate simply to adjust the mecan service
time of the higher level of assembly.

Similarly, a shortage due tn spares at a higher echelon (£field
depot) for a given level of assembly is reflected in unreadi-
ness at a lower echelon (organization, field), according to the
probability that a shortage at the lower echelon occurs coinci-
dentally with a shortage at the higher echelon. igain, since

the result is to extend the gervice time of the next higher level
of asgembly at the lower echelon, it is appropriate to adjust the
mean service time at the lower echelon.

Alternatively, it is appropriate simply to add the wnreadiness
contibutions from each level of assembly. Table VI-4 illus-
trates the methodology.

Actuaily, unreadiness always manifests itself througn direct
contact betw2en the service chanineél and the end item being
supported. Hence, a more accurate picture is protrayed by
addition of waiting time for repairable spares ur parts to
the service time of the service channel having direct contact
wit’s the end item. Where unreadiness contributions are small,
and u-0.1, simple addition of unreadiness contributions is
recomrended (Zu,), where demand reates are based upon popula-
tien (Ny), which compensates for unreadiness of the direct
support service charnel. Of ccurse

NO)\-_-N?\ (l"'u) © VI"a

when computinglunreadiness contributions of spares demands, it
mayv be more convenient simply to modify the item failure rate

by
Ad=(1-u), ' vi-b {

A further complication arises when subsystens are significantly

interdependent in unreudiness contribucions. Suppose there are

(n) subsystems, each contributing (ui) unreadiness.
utgf(slc'},xigs) VI“C

If the subsysteis (i) does not operate when another subystem (3}

is 1n an unready state an appropriate modification is ascessary

to the demand rate of subsrstem (i).

If u = unreadinsss contributed at the direct support
service channel

u,= unreadinass contributed by sysbystem (j).

204

o £ S A S ey amm = o S




u, = unreadiness contributed by subsystem (i) |

. A= failure rate of subsystem (i)

A modified demand (failvre) rate is established for sub- |
system (i) as a result of direct support unreadiness.

Ar=(1-u)), vi-d

This demand rate raust be further modiried as a result of
unreadiness contributed by subsystem (j)

Ahw=(]u-u )2 Vi-e
or, if ucl.1l

u <0.1
chen ARAZ (g ) ¥ VI-f

This produces
us=fx £5;C,'R‘V,11,N) vVi-g

Note that N, not N, 1i=s used in this case, from equation
’ VI"ao

For each level of assembly for which spares are feasible

. at a given locatioun, a range cof unreadiness is established as
a function of cost. This computaticn is based on minimiza-
tion of unreadiness with r-zspect to a vost allocation. The
models to be used for this purpose wiil be found at the end
of this appendix, This is done successively for each level
of assembly.

For a particular combination of cost allocation to level of (
agsembly, the acggyregate cost and unreadiness is given by
[ o4

w41 > S
E- 1R i) Taw T

Congidering & given gssem@iy ievel, the rate of return in un-
readiness roduction may e camputad fof¢ successave Cost allo -
cations.

This is shown aymbolical'y in Table VIS,
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5. OPTIMALITY CONDITION
The condition for optimality is given by

X, =L =r . i.e.,
the marginal returns for an additional cost jnvestment is the

same for all levels of assembly. The mechanics of achieving
this ~ondition fcllows:

Given: (1) unreadinesa gecal (u), (2) or total paermissible
cost, from the tabular array, determine if the unr=adiness con-

dition (uy) can he satisfied with selection of one or a comtina-

tion of entries from the first. column of table VI-4, i.e.,

{cy1) and/or (c,1) and/or (c,,}. If yes, then the range must
be ext nded tn lower cost allccation. Select the entry. (table
VI~5) (cp1), (<41}, {cp;) having the maximum (r;). The allo-
cation of one unit in this row and zero in the others is selec-
ted as the first feasible solution, and has associated with it
in unreadiness {(u’') and (¢’}, where (v’) is the sume of {(u) in
the selected rcw, or level of assembly. and the (uy,’'s) of the
other rows. For example, if (r,,) is chosen,

¥ s
u —191'+unc+uac'

(c’) is similarly determined.
If u’<u, an optimum allocacion has been reached. If u’>uy,

select the maxiinum of (r_ ) in the same row as the selected (rl)
and the unused (ri’s).

*f u’»u, repeat the cycle. Wnen the condition .3 reached such
that

the associated optimum cogt iz

el PR 3
< Lhi+»x}'c?k'
where (i), {(3). (k) correspond to the selected levels of spares
for the three assembly levels,

Tha conversions and computations necesncarny for establishing un-
reazdiness at the using location rejuire the application of, at
most, three logistic modals: these mod«lg are special ca=zes Qf
orié model which will be shown later,
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6. MODEL 1
This model may ke used for :omputation of:

a. Lifetime Diascard Spares, with the parameters

t, =L = Lifetime,
ki = faiiare rate, and
c. = item cost.

b, Repair - Remote Repair (Field or Depot), with the

parameters

t, = service time {includes pipeline timz, iepair
time),

A, = failure rate, and

c, -~ item cost,

]

c. Discard - Recrder Time, with the parameters

t{ = re-nrder time,
xi = failure rate, and
¢ = item cost,

a
1

d. Repair - Local, with the parameters

L, = gervice =ime at site,

o= faiilure rate, and

c, = item cost.
Linmitations

Trte m~ial is bas=d on
a. Infinite population,

. Exponential demand and service time, and

C¢. Sinule sarvice channel.
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6.1 GENERAL METHOD OF APPLICATION

Consider that spares are allocated to a specific location, viz.,
organization ,/ field, or depot.

Let

o+
0

. service time required to restore an item to
operational status (satisfy a demand),

=
i

item, and

P;,

]

probability of more than (j) demands during
period (t:)'

Tf {j) spares have been allocated tc item type (i), the expected
downtime, due to shortages of spares (M.‘iJ), will be as follows:

Mn-ljztipi/(1+1)' (VI-1)

and tne unreadiness (u!J) will be

uiﬁzM —1J/t£=p¢3/(3+1)‘ (VI-2)

The incremental decrease in unreadiness (Auii) due to adding
another spare will be:

s, =[P {0 /0 0 1k,

1  t (VI-3)

and the incremental decrease per unit coet(b ) is

. = A 7
1.1 1 “qut j/C: ’

where
e, =cost of 1.

The prchability (P ) is computed by means of the Poisson dis-
tributic., using patameter (% ) (cemand rate) and (t ) (scrvice
tire). Fach item is assumed to contribute independentliy to un-
readiness, Table VI-6 illustrates unreadiness as a functicn of
demand rate (failture rate in this case) and service time {supply
time in this case}.
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It is required that unreadiness due to lack of spares be reduc-
ed so as to be compatible witnh an operaticonal readiness goal.
Let (u) be the permissible unreadiness., It will be more conven-
ient to carry out the following steps, in some tabular form:

a. Of the (n) item types to be considered, compute (u, )
[
and (= u, )
{1 =1
~ b. Compute (Au,,) for each of (n) item types, Lased on tne
addition of one spare.

3

¢. Compute (r,J) for each of (n) item types.
d. Chose maximur value of (rij) and compute the total
unreadiness (u’') as follows:

% u  -Au (VIi-4)

where (Au ) is paired with maximum value of (5, ).
e, Decision Rules:
(1) u’< u, STOP, the goal has been reached.

(2) u’> u, add another spares to this item type,

recalculate (Au1’) and (r,‘).

£. Repeat steps 4 and 5, always adding spares, to maximum
value of (rgj), until the goal has been reached, viz., (u >u).

The optimization procedure is shown in figure VI -4.

.2 Spares Procurement - Example

Consider the problem of provisioning spare parts. The approach
to sparing is based on the preceding method, using either (1)
ronfidence, or (2) unreadiness criterion, which permits acnieve-
ment of a fixed level of protection at minimum cost., The
optimization procedures are similar, with one very important
difference, that of the criterion,

Table VI-7 lists tnhe results obtained in sclving the preblem of
maximum protection at a fixed cost. The target cost is $650.
A spares list 1s presented for fifty identical modules used on
an equipment, with the protection level afforded and the cost
incurred 1in sparing by the confidence and unreadiness metiods.

-
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6.3 Parts vs, Modules

Let

N = 0,123 part/hours, per eguipment, and

W = 0.5 per hour, repair time,
and assume there are no spare modules or equipments. The
avarage unreadiness due to the failure and repair of the module,
assuming a perfect supply systim, will be

u = = 0,246,

and the aggregate unreadiness, assuring the supply systemn
developed in table VI-7, will be

u = u +u -
]  J
= ,24600024 (Unreadiness Method).

Following the method of Model !, if an additional electron tube
were added to decrease unreadiness, the marginal return would be

+ - -
au, = BLogm Bl o 524 - 221107 = (2) (107), end

r, =aw/c = {2) (17°)/3.00 =) {0.67){107°%),
Let the cost of a repairable module be the sum of cost of the
parts, viz., $370.80. The re:urn in readiness for adding one
module is shown as

Au. = .2054 aﬁd

r_ = (55300) (*07°)
The unreadinass return ratio (r,) formed by comparing the
relative merits of acquiring a module versus adding a part is
82,500 to 1. A second spare module provides a return ratio
4900 to ), a thaird 264 to 1, and & fourth, 12 to 1.

6.4 Life Time Discard Spares

The following example has been prepared to illustrate the
different interpretations of service time and conditions under
which spares will not be completely used. The total cost of
discard items over the lifetime of the i, stem is determine¢d by
the following model:
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Let

}, = number of spares, per item type, cowputed
using provisioning model,

L = life of syestem, and

xi = total féilure rate (calendar hour) per item type.

1f
LA, 1y
the (j&c’) is the total cost of the gpare per item type.
If
LA >3,
= J +t N,

a23d (L-tl)R’ spares to (j ), the total cost ij‘ici) then
becomes

Jyop = (3, +(@-t I Je (Vi-5)

wWhere spares are allocated only to the field or depot, down-
time will occur for each demand at the crgeiization.

The problem is as follows:

a. Determine spares of all types required at a site to
meet operational readiness.

b, Determine “otal spares for 311 sites.

c. Determine additional spares by type, if any, for depot
inventory. If spares by type, for zli sites. exceed
requirements for a single depot, based on total
failures, the depov need not have spares of that type.

Table VI-8 was prepared te indicate gpare requirements as a
function of unreadiness, failure rate, ané sparing location.
Also shown, where applicable, are the unused spares at the end
of lafe cvcle as a result of meeting unreadiness conditions and
mirirum lifetime purchase requirements,

2%
(]
1%
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where

[
#

Aﬁloa

aggregate failure rate of item type per year,
unrealiness,

initial apare requirements at one site,

ini*tial spare requirements for 10 sites,

spare reguirements if spares are located at depot,
expected lifetime usage,

net difference betweer. on-site spares required at
10 sites by unreadiness conditions, and expected
lifetime demand (Plus equals unused, minug indi-
cates reorder is necessary).

net difference between depot spares requived by

unreadiness conditions for 10 gites, and total
lifetime demand.

= total spares requirements for 10 sites, at site

location, over lifetime of equipment.,

total spares requirements for 10 sites, at depot
location, over lifetime cf equipinent. Wwhere
depot spares for one year permit a one-each
allocation to sites with some left over, it is
anticipated that all spares would be kept at the
depot. If spares were allocated to sites, a
reduction in ureadiness due to the order time
could be achieved.

m:nimum buy based on first year supply. If spare
requirement is less than one, requirement is based
on lifetime unreadiness permissible.

expected site unreadiness decrement resulting foom
depot delays, including transportation (if spare
are centralized at depot).

Site unreadiness i3 detemined by:

Bfﬂdft/YL} = gite unreadiness,
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where

-1
0

.ot number of depot demands,
t = transportation time per demand (.01 yvears),
Y = number uf sites = 10, and

L, = equipment lite = 10 years.

7. HODEL 2
Model 2 is developed in appendix IIX.

This model is applicable at the replacement level of assembiy,
which cortributes unreadinzse directly to the end item being
supportcd.

The method of application of the model is detailed in appendix -
IY¥I. This model is used to establish tradeoff conditions

among major spare assewmblies, persornrel, scheauling, and
urireadiness. Test equipment complements required to sustain
servica rates can be determined and traded with personnel and
end item unreadiness.

8. 'MODEL 3

When the organizational or field repair consists of replacing
a repairable spare, some unreadiness may be contributed by un-
avzilability of repairable spares, while awaiting replen:ish-
ment hy the depot. The model used for thig sgituztion is a
gspecial case of Model! 2, as described in appendix I1I, and uses
the same tables. For Model 3, (¢) cdesignates number ot sparcs,
rather than service channels, as in Mcdel 2. The service

rate (u) is interpreted as *he inverse cof turnaround tims £
optaining a spare from the depot. Other parameter definitions
are unchanged, except for (s) (spares in Model 2) which i3 not
used, since for Model 3. (s) always equals czero.

The behavior of Model 3 is i1liastrated 1n tigure VI-S5..
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Figure VI-5,

To detexmine the unreadiness contribution from repalrable speres
at organization or field, it is only necessary to make appro-
priate parameter vzi.e replacemants into the procedure for Mcdel

9. ERROR ANALYSIS OF UNREADINESS LEVELS

The interplay amcng the basic parameter inputs dictates the
accuracy of the model performance. These parameters are:

-+
H

Item time parameter,

o
0

Operational rate,

C Item cost ., and

(.
i

= Failure rate.

The time paramcoer 1S important for corsumable 1tems (paits,
non-repairable aszsemblies at location for periodic bulk order).
In contanction with the operational rate and failure rate, thesce

paramelers provide a best estimate of usage {(subrect to conditions

below).

THe expected usage is

pro= cBL{T-ul .
219
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The error associated with p* is measured by
Ap* = (1-u) [AB"t+tABAM].
(u) is the unreadiness, and is estimated using (p*).

Suppose unreadiness levels (u*) and (u') are established as
minimum and maximum usable lebels for % particular equipment.
If item cust js introduced, the number of apares of each type
to achieve (u /) at minimum cost can be computed. This is

repeated for iu:), and difference in coast notead,

Error rates may be introduced to check the sensitivity of (ul)
and (u;) with respect to cost, additionally, the range of

(u;) and (u*) may be investigated by computing the minimum spares
cost for (u?), (uf+Au), (+ur+2Au), {...u:—Au), (u¥-2Au...}.

Thig sensitivity analysis provides a complet: picture of cost
variation as a “urction of (u*) for an equipment, along with
errcr implications in (u*) as a function cf (A)), (At), and (AB).
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APPENDIX VII
PARTS SELECTION CRITERIA

y. COST ASPECTS

Thées purpose of this appendix is to present the development of
cost aspects involved in selecting between alternative candi-
date parts to fulfill an objective. In this presentation of
the subject, it is_ ascumed that part type (a) is an estab~
lished standard parf~in USAF Inventory. The decision making
is based on simple igggamental difference in total expected
cost.

Let ¢, ~¢, =AC,

where ¢, = cost of part alternative {a), and

~
-

b

]

cost of vart alternative (b).

The difference in costs between two candidate parts will arise
from one of these sources.

a. Difference in failure rate.

b, Difference in unit cost.

c. Difference in fixed costs,

d. Difference in product improvement cost.

Let L = Expected life of system for which parts are keing
evaluated.

A\, = failure rate of part type (a).
A\, = failure rate of part type ‘b).
¢ = unit price of alternative (a;.
c, = unit price of alternative (b). a function of

number purchased,

c, = cost of failure measured by main*enance regquire-
ments (excluding part costsa).

C S s S——— O NPt el & © s ameas




N = Number of applicaticn of part types (a) and (b).
P = Cost of product improvement program for parts (b).

N = Total number of part type (a) usage.

C = Unit cost of ith part (b) used.
I = Cost of entering part type (b) into inventory.
! The expected total cost difference becomes

= -
Ac c,

a
zNL(x_-xb)cfs difference in cost of maintenance,

N(1+le}
+N(1+L%‘)c.- z:cib = difference in cost due to
- usage.
{1
-P =cost of product improvement
-I, =cogt of entrance of part type (b) in to

AF Inventory.

-Q =qualification cost for part (b) for com-
pliance with military specifications,

The expression for Ac becomes
N(1+Lx°)

N " - - \ - - [ -
Ac=NL (A, -3,)2,+ (H+1)IA ¢ -0 ¢,, =P, =T, -0, .
LY

If Ac>0, then tyove (b} is preferable,

»2. BREAKEVEN COSTG

The breakeven rost(s) for part (b) are determined by uotting
Ac=Q: i.e,

a. HL(%.-Xb)cf+N(1+L}.)c‘~N(1+Lkb)c§~(P§+Ib+Qb)=O.
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b. Ffor cost per failure

¢, > (P, +I +Q +N(1+I\ )c, -N(1+4L) e,
NL(A -A,)

c., for xtg(Pb+Qb+Ib)-N(1+Lx‘)c.-NL¢,x.+Nch.
- (NLe, +iLc, )

3. PRODUCT IMPROVEMENT TRADEOFF

A standard method in product improvement i:. to test out un-
reliable parts, The net effect of this is to enhance the
operational reliability and reduce the production yield.

Let

ANy, = change in failure rate cf party type (b)
resulting from incrementing additional
time to the jth time interval.

AP = the incremental <ost un to the jth interval
‘ in the product improvement program to ac-
achieve (AK ). and

AU = average increase in unit price in part type
(b) test2d tu the jth interval as a result
of decreased yield.

The breakeven condition justifying further reduction in
failure Lecomes

X
X N(C 1""3‘ . )-“NLC' \»‘
- « b < v B b
A ,vh\ g(Pb+~Aij+Ib*Qb)—h(l+LA‘)c‘+ [

T §b 3
Nch+3AuJb)—NLcr

y=1 §=1

4, THE COSY OF FAILURE
The cost 0f a failure invclves besically two aspects:

a. The manpower and eqipment required to restore thoe

system to operability (uee appenxid IJI}. As pointed
out elsewhere, the support system must be evaluated to
deternine if demonstrable changes are, in fact, brought

about as a result of selection betmsen alternatives,

M
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b. The cost of unreadiness. This aspect 1s at best fraught
with many real as well as philosophic problems. First
of all, there is the problem of translating the part
Jaillure rate into degraded states of sysitem behavior
(Methodolegy exists for this purpuse), Secondly, there
is the problem of cost of unreadiness. This problem
may be approached as follows:

Let
¢, = total system cost estimate, and
R = readiness associated with system.
The,
§t= return in readinéss per unit cost,
and let
AR = ci.ange in readiness resulting from a decrease in
failure rate from choosing alternative b.
Then, if
Ac, g 85,

the imputation is that an increment of funds (Ac) is a justi-
fiable expenditure te gain a rsturn (AR; in readiness. The
reduction in unreadiness (AR) referred to above is the result
of the net reduction in failure rate. To translate this into
terms of equation, a2 madification is required., This beccmes

re=NL(A -2 e, -4c +N(1+L) )c -N(1+I2, )cy-(P +I +Q )

Note - For establishing the cost of part usage, a multiglier
cf (3) should be introduced to these terms {See appendix VIII).
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APPENDIX VIII
COST CONSTANTS AND RELATED INFORMATION

l. GENERAL

Accurate prediction of the lifetime costs associated with a
military system requires data from its future user, its designer,
and its future manufacturer. The costs of design, development,
and manufacture will be estimated, normally, almost sntirely from
data which the manufacturer has concerning his own operation,
using procedures that he uses in estimatiny bids. The costs of
operation and maintenance require data from two sources: (a) the
manufacturer, providing estimates of failure and repair rates,
skills and test equipment required, cost of spares, etc. and

(b) the Government, providing costs of human resources, handling,
and the like.

Thie appendix lists values which have been used in application
of tire techniques described in this report. Much work remains
tu be done to develop more refined estimates of many of these
ccst element values., The listed values are the best available
to the authors, and can result in useful problem soiutions.
2. PERSONNEL COSTS
2.1 General
Personnel cost is based on the following:

a. Skill level.

b. Longevity.

c. Rations.

d. Quarters allowance.

e. Clothing allowance.

f. Retirement.

g. Training cost.
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2.2 Pay

Cost contributions (a) through (e) are combined in the Starndard
Basic Rate Table (AFM 177-101) 1964. These atandard rates are
listed in table III-l, by skill level.

2.3 Retirement Cos

—

The contrihbution to personnel cost from retirement is obtained
ar follows:

P, = probability of remaining in service until
ret.irement given that the man has reached
skill level [i).

r, = rate of pay at retirement.

t

L3

expected retirement time in vears.

Sri = expected retirement cost per year.

The cost of retirement for a man of gkill level (i) (S,,), per
year, becomes as follows:

sri=p!t.‘r‘/40

Time to retirement is assumed to be 20 years and the time in re-
tirement 30 years (two assumptions are involved here: (1) time

. before and (2) after retirement; the assumptiona tend to cancel

out the errors involved).

Valiues forp, :

E-3 or below v,=0,00
E-5 p,=0.10
E-7 p,=0.75
E-9 p,=1,00

~hese vaiues were established from data at Seymour Johnson AFB.

The base pay at retirement:

E-1 rx.1'344
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E-3 r,=2,03C

E-5 r,=3,444
E-9 r€=5,940

Values for S, , based on pay at retirement:

E-3 or below S .= 0
e 3

E~5 S = 252
rS

E-9 S, g=4, 383

2.4 Training Cost

The training costs vary significantly between skill fields,
which are dependent on hardware design. The training costs
incurred, which include basic and specialized, are charged
based on the nunler of replacement personnel required by the
system under consideration. Training of personnel already
trained represents funds already spent and these should not he
charged against a potential system. Training costs should be
based on Standard Military basic Pay and Allowances Rate by
skill level.

2,5 Summary

Total personnel cost, by skill level, is shown in table VIII-1.
The values shown under year total do not include the cost of
training. Training is shown in a separate column as a per month
training charge,since the amount of training time varies widely
for skill fields.
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TABLE VIII-1

TOTAL COST BY SKILL LEVEL

Base Pay Training
skill Standard at Retirement Year (Perx
Level Basic Rate Retirement Cost Total Month)

£~1 2,292 1,344 0 2,292 191
E-3 2,724 2,030 0 2,724 -
E-%& 4,620 3,444 252 5.172 -
E=7 6,408 4,536 2,531 8,939 -
E-9 8,040 5,940 4,383 12,423 -

3. DEPOT LABOR COST

This cost is obtained from the appropriate Command Workload Group,
e.g., Fire Control Systems, Directorate of Material Management, at
+he Air Force Depot of concern. This labor cost congists of direct
and indirect cost, with the indirect cost comprising supervisicn,
overhead, and benefits. For WRMMA these coats are:

Direct Labor $2.54 per hour
Indirect $3.36 per hour

For SAMM2?. the given total cost per labor hour is $8.08.

4. PERSONNEJ, BACKUP FACTOR

Additional personnel must be provided to fill vacarcies resulting
from sich leave, furloujh, etc., The backup factor used is 0.2,
meaning that manning is increased more than 20 percent by adding
the backup per supsystem skill level, rounding upward.

The valuve for backup factor wasg obtained from AFM 26-1.

5. PARTS USAGE FACTOR

The parts usage factor waz obtained from an analysis of fisid

failure data, viz., three parts replaced per one failure (reference
RACC TN-58-307 15 August 1958).
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6. TRANSPORTATION COST

Transportation cost by commercial air freight varies significantly
wi“h distance and weight. There ure usually minimum charges,
@.9., $4.70 from L to 54 pounds. If commercial air freight is
uged for item shiprent, precise gquotes may be obtained from Air
Freight Agencies. Where reqular MATS is used, which will gen-
erally be the case, no charge should be incurred, since the
absence of shipsent would not influence the service. where
special MATS flights are involved, the cost incurred she.'d be
based on fuel consuption only.

Where commercial riil or trucking is used, shipment may be ob-
tained. where servica vehicles are used, fuel consumption, and
sustenance per trip should be charged. Personnel vehicles are
charged only if the location ~equired additional personnel and/
or vehicles tc perform this service.

7. SUPPLY COSTS
The following supply cost factors are used:
I = Cost of line item entrance into the supply system = $34.00

M = Cost of maintaining a line item in the supply system,
Per year = §19.00

D = Repair documzntation (Debit and Credit) = $14.00
R = Cost of maintaining a stock item in the Master
Repair Schedule (MRS}, pex year = $29.00

Line item entrance cost (I) was cobtained from AFLCR 400-20, and
AFSCR 400-4, dated 14 February 1964,

Line item mainterance cost (M), repair doecumentation cost (D),
and the cost of maintaining a stock item in the MRS (R), were
obhtained from RADC-TDR-63-140, AD405779, March 1963,
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APPERDIX IX
VALUL ENGINEERING TECHNIQUE APPLICATION

I. TWTRODUCTION

The value engineering technique described in this report provides
the opportunity for value engincering throughout the range of
system concept and develoupment, It also lends itself to appli-
cation at any required level of analysis detail. It remains the
responsibility of the Vzlue Engineer, howaver, to choose the ap-
propriate level of detail required for practical decision-making
at the existing level of system development. To provide some
ingight reqgarding the practical application of the technique,
this zppendix will examine a hypothetica! system in which the
value angineering technique is applied in the provosal phrase.
Although the example is hypothetical, it is similar to an appli-
cation actually accomplished.

2, THE SYSTEM

A ground electronics system is being proposed for aircraft
mission and traffic controcl. The system is comprised of Radac,
Data Processing, and Communications subsystems,

Tiree squadrons are planned, each including three radar sites
and a Ccamand and Control Center, Each radar site has a radads,
asscciated data processing, and comsmunications,

Maintenance sup~ort is provided by a <. madrvon maintenance van ‘
assigned to each squadron, and a field shop assigned to the .
wing.

The foilowing maintenance policies will be upplied:
&, Failure at a radar site wiil be localized tc the de-

gree possible by operator persomnnel, with assistance
of the data prosessing equipment where [=asgible.

52

. If a gspare is carried on~site, the uperator perscnnel
will correct the failure and request a replacement
spare by radio. Tne replacement will be (dslivered
from the rquadron maintenance van, by small vehicle.
Wnen the cplacexant is delivervd, tne failed item
will be picsed > for letail repasr.

20
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¢, If a spare i3 not carried on-eite, the operator per-
sonnel will call squadron maintenance, and transmit
1ocalizaticn data to the degres available. Squadron
naintenance personnel will proceed to site with anti-
cigpated test equipment and spares requirements,
Zel o Alrermatives
Alterratives to be :nveitigated include:
a. Sukusserbly discard or repair.

b, aAutomatic fault isolation or manual isolatvion using
special or general purpose equipment,

c, Assembly repair at squadron or field shop.

d. 5scasently spares at e¢ile or squadron majinienance van.

2.2 7Tae Susport structure

T oxder to rriuse analvtical raquirements, the most economic
support :iternative wi'l be analyzed first, with subassembly

repa.c. If tihe pltarnative is feasible, it will be compared

with the dircazd alternative,

The network Welows illustrates the activities cf the first sup-~
port alternat.ve.

9 2]
\ B
3 4,10 i 7 ;
ke &
e 2 / ts
Demend 1 2 7 i t:\\S 6 4 T
A atd oty
t €
: 5
/
w Failure oocurs /

. Failu's g iwlated to lsvsl I by operator.

¢, ocalizat’on dacva transmitted to sguadron,
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d. OGSpare is obtained from ready inventory at squadron.
e. Squadron peraonnel traval to aite,
. f. Friiuvre is further isclza®ed {5 replaceshle subassembly,
{ turied fvam g sowiver ond lrerlaced, subsveton checked
' out,
g. Failed unit is returned to squadron for field shop
pickup. {
T, Failed unit is returned to field shop for repair. ‘
i. Repair is accomplished.
j. Repaired unit is retummed to ready inventory at squad-
ron,
t, is the action tiwe vcequired to accomplish the follow- 4
ing event.
In this alternative, 10 spares are zorrled on-site, except those
built-in as redundant units. A us:igle spare is kept at sguad- 1
ron maintenance for each assembly tvpe. 2All repair of assemblies )
is accomplished in the field amop. Repaired units are delivered {
to the squadron maintenance va.: daily, using vehicles assigned
to the wing. Pickup at squadrcon for field shop repair is accom- 7
plished on the same trip. Since volume is small, deliiveries
are combined with those for supply, mail, etc. ]
2,2.2 Support Structu.~ Analysis ‘
Analysis ia required to determine whether this alternative is
capable of meeting the operational readiness requirement ﬁ
R=0.9 ”
The following procadure will be followed:
a. Analyze fiald shop workload, determine mean downtime
contribution (t,,=valting time for units in excess of

spares).

b, Analyze sgquadror workload.

c. Combine field srop and squadron contributiona with site-
contTibutead unreadineszs, to determine system unreadiness.
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Table IX-1 describes the radar skill/hardvare package, as allo-
cated for rerair by radar =kills.

Table IX-1 Radar Skill/Hardware

Package
RADAR SITZ CCC
H, V. AMP R, F. SIGNAL DATA  DISPLAYS DISPLAYS
POWER EXCITER AMP PROCESS CoMM.,
-8 P ) -3 - - -3 w2
A 10 7x10 10 2.7x10 10 1.3x10 1.3x10
t, 0.2 0.5 0.5 1.0 1.0 1.0 1.0
0.1 0.2 0. < 0.5 0.5 V.5 0.5
0.02 0.1 0.1 0.1 0.1 2.1 c.1l
t 0.5 1.0 0.5 4.0 4,0 4.0 4.0
n 1 2 8 1 1 2 3
-B -3 -3 .- - =3 -3
n\ 10 1.4x10 8x10 2.7¥13 10 2,6x10 3.9x%10
€ 0 1 1l 0 0 i 2
A 0.0148 0.003¢S

A = item demand rate per operational hour.

t, = 1isolation time to level I, by manual means, general/special
test equipment/automatic means.

t = on-site repair time, including isolation from lsvel I_, re-
moval, replacement, checkout, ’

n = numbir of applications of itew in equipment.
8 = number of spares built-in as radundant units {active:,

A, = total dsmand rate of the egquipment.

As described in Appendix III-9.5 for field ahop and squadron work-
loads, the aguregate failure rate is used for actively redundant
agsemblies, and thre redundant units are considered as spares,




Analysis is simplified by dividing the contribution of the Com-
rand and Control Canter by three and grouping with the contribu-
tion of the radar site.

Thie demand rate of %he radar skill/hardwave pakzge is then

k’,=0=0148+0.0039/3-0.0161
-The remaining skill/hardware packages ave described in Tables IX-

2 and IX-3,
Table IX-2. Data Processing Skill/Hardware .
Package
Radar Site Command And Control
Center

DATA POWER INPUT/ CONTROL MEMORY

PROCESS. N$UPPLY oUTPUT PROCESS, MCDULE
A 2.6x107" 10~ 2.sx10”* 5x10™* 10~¢
£, 1.0 1.0 1.0 1.0 1.0

0.5 .5 6.5 3.5 0.5

0.1 0.1 0.1 0.1 6.1
t 4.0 4.0 4.0 4.0 4.0
n 1 1 1 2 8 ‘
nA 2.0x107" 0™ z.5x107 1" ax10”" q
8 o 0 ’ Q. 1 4 1
?\t v0400026 0,.00205 ' 1
’i‘he dewand rate of the data proceseing skill/hare rare package
i8:

l.s "0.ﬁ0’326+0,0{}205,-’3‘3.0839€
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Table IX-3, Communications Skill/
Hardwara Package

Rajar Site Command and Control Center
XMTR RECEIVZR DATA XMTR RECEIVER DATA
A 3x10™* 3.5x107 8x10™* 3x10”* 3.5x10* exi0o”*
t, 1.0 1.0 1.0 1.0 1.0 1.0
0.5 0.5 0.5 0.5 0.5 0.5
0.1 0.1 0.1 0.1 0.1 Col
t 4.0 3.0 3 4.0 3.0 3.0
n 1 1 1 1 1 1
o 3x10=* 3.5x107  8x10° 3x10™ 3.5x107 8x10”*
s 0 0 0 0 0 0
A 0.00145 6.0014%

The deman:rate of the communications skill/hardware package is:
)p°=0.00145+0.00145/3=0.00193

The field slop unreadiness contribution is determined for two
feasible values. The values selected avre

tfﬂl/‘_{'ﬂ,ao .

The four-hour repair time ia considered feasible with equip-
ment mockups for isclation and checkout, whereazs the eight-
hour value is vreasonable for use of general purpose equipment,

Table IX-4 is consiructed to depict the spactrum of field shop
maintenance contributions,

It is of intsrest to note the consldarable magniiudes of the
unrexiliness rumeric (d) and of waiting timelt,.;). for eight-
nour repair time witn a single repsiy channal, The resson

iz that %he workioad generated (N¥) is greater thun ohe, mwaning
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Table IX-4
Flield ghop Repalr Delay

N, =9

Radar t,=8 A=0,016 Pm0.13

Cm] Cw=2
8=3 a=6 s=3 =5
0.203 0.17¢ 0.023 0.005
16.2 13,2 1.5 0.3

t,=4 P=0.06

C=1 C=2
8=2 8=6 a=3 n=6
0,013 0,002 0.001 <0.001
0.8 0.12 0.0 acceeme=

Dara Processing t,-82A=0,001 P<0,.02

Cc=1
a=3
<0.801
<0.5
vimunicgtions t, =8 A={,002 P<0.02
C=3
a=3l
<0.904
.5
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that a slngle repalr channel cannot possibly maintain a stable
queue unless demands are reduced by a significant number of in-
operative units. With random domand and/or service ra'es,

this situation arrives at (NP<l). It is obvious, therefore,
that if field shop repair time is eight hours, twe repair
channels must be azsigned. A note is made at this point, to
inveatigate the re.ative coste of a repair channel vs, the
equipment mockup. Analysis is continued using the eight-hour
repair time wit% two channels, as the worse of the two options,
in the interest ~f decisions on the initially given alterna- .
tives, with mini.cm delay. (

In addition t9 waiting for assembly repair, the fleld shop
lmakes an unreadiness contribution through the travel delay
from the field c£hop to the squadron. Since this travel time
has importance only when the squadron is out of spares, the
problem is handlied as a four-channel querue. since (N+S5=4)
asgemblies could be delivered or one trip. One spare is nor-
mally carried at squadron.

Since the personnel and facilities are common to zll items
supported, the delay is common to all, and

N=3

P=l T IX-1
. tot

Where A\, = the aggregate demand rate from all three skill/
hardware packages. 1

T, = travel delay from the field shop.

The travel time is estimated a:t four hours, For daily scheduled
delivery, an additional delay is introduced with: a mean cf
twelve hours.
ST, = 4+12=16 hours
N, = 0.0181+6.0020+0.0014
P = ), T, =0.3

Table IX-5 shows the effact of t.avel dslay, for ore or two
sparas, '




R

Table IX-5. FPield Shop Travel Delay

N=3, P=(Q,3
Cnd
sul a=2
dt 6,082 0.022
t 4,5 1.2

wdt

The workload of squadron maintenance includes the following
alements:

a. Travel to radar site=T ,
b. Removal, repiacement, checkout = t,
C. Return to squadron with faile? item = T,

Unreadiness is contributed at this leve. by sguadron perscanel
unreadiness, spares unrsadiress, and travel,

Personnel unreadiness is analyzed by use of queuing tables,
using :

N =3

D=t

Where t 1ig total time required fov a zquadron maintenancs man
to service a failurs,

t =227 +t

H '

For tha radzr,
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. t=3h,, b/, 1X~2

<{0.5%107%+1.4x2072,4%107%,10.8x20 " +4x10""
+10.4x1067%45,2x107} /9.0161
=2, hours
Similarly, for Data Processing
t= 4,0 hours.
and fcr Communications
t=3,2 hours.
At this point in the proposal, all sites have not heen assigned
but possible locations range to msan distances of 40 to 80
riles from squadron maintenance locations. In the intevest of
early decision making, the worgt case is first assumed, tu
agsess its effect. Travel time is estimated at four hours.

For the radar

T, =4
> t, =2x4+2,0=10.0
P=10.0x0.0161=0.16 l

Squadron repair delay is arnalyzed using Table IX-6.

The total unreadinesa of the hardwara/skill p:ickage is determined
diflerantly for redundant and non-redundant eguipments., For non-
redundant equipmente, unreadiness is

d=n ¢, 1X-3

Wnera () ) 1a the failure rate of non-redundant equipiment and
{t,) is expectesd downtims per failure.

" & 3 Ad LAY IX-
tds‘.r“+t,”4t‘“ ,,’4-9. t IX-4

For simply active red.mdant eguipments, unreadiness is

. ZX-5
usd®

™
faad
Fs
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TARLE IX-6

Squadren Rapair Delay
N=3, t =10, P=10A

Radar A\=0,016, P=0.16

C=l C=2
s=1 a=2 a=l
9.077 0.036 0 %z

2.2 2.0

=2
0.008
0.5

Commvyriications »=0.001. P=0,01

C=} C=2
yr)L xm2 =1
2.001 —— -
0.5 ~—— N

Data Procassing 2=0,002, p=0.02

] Jm2
A=l g=2 8=]
0.80z2 - <C,001
1.2 - * <0,5
Y 3e
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where

n=the nuiher of failures necessary to disable the
functicon.

am) t,
and

A, =fallure rats of equipment for which redundancy is
provided.

For partial redundancy, vhere (m) must opsrate of (n) units
provided for aatisfactory performance, unresliness is deter-
mined by the number of failures requirad for disai.lity, mul-
tipiied by th: possibls numbar of combinations.
it
n=8, m=7

Tw: failures ave disabling, and unreadiness is

nd’ = 8%2 w2f 1B IX-6
'Y p' n-pj-

In Takles IX-%, IX-8, and IX~9%, unre=adiness is computed for the
three hardware/skill packages, for one znd two spares at squad-
ron. Using one spare, site operational readiness is computed as

P=1-Zu, =90.6%

If the operational realingss Ispuirement were nat met, the tables
indicate the must effective avenues for imgrovement, The
following procedure ould be usad,

Froa Tables IX-7, IX-8, and IXo%, 1t can x& seen that tna
greatest logistic contributors to uareadinsss are field shop
travel dJdelay {te,,) and sqiadion unvgsdinesx (t'%i). Travel

{17 %3

and, more precisely
R"H(; 2 )59‘3 9%\\
This satisfies the reguirement for operational readiness.
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| from squadron to site iz significant, also, but is not suuvcep-
S tible to tradmoff at this level.

} Eithezr factor can be significantly reduced by adding a channel
or a apare.

For the initial readiness conputation, consideration of a

single spare was consearvative, since spares will be supplied
| at the assembly level, “or 14 unique types. Referring to the
| interpolat.ion method of Appendix IXII-9, it cwn be meen that
detailed computation of the equivalsnt spares complement pro-
vided by one sach of 14 types would be time consuming if done
manually. A reagonable short-cut sesms suffilcient. This
method consists of using the actual cortributions for an ar-
bitrary mumber of most significant assemblisa in the radar, o
and averxgirg the contributions of the remaining radar assam-
blies. In addition, only the effact of two _quivalent spares
is considurad.

The expression for unihadiness becrnas
k 1 =
d=d, -(d, -d,) [22P,, ) (1-ZP, }+P] i/ (r-p) L ]¥ IXe7
1 1

where d=unrsadiness

PO

d =unreadiness numeric “>r (i) spares.

k= arkitrary aumber of ::jnificant »’s.
. P,,~workload contribution + P /P,
n=pumbex of types averagad.

p* numper of satiefisd dewands =i,
+ .
p,, =averaged Plﬂ(\E*Pls)/h §
X +1
Analyzing the rndar (ees Tartle IX-10) with the zsterisked de-
mand rates melected as most significant,

k=4

rim2

P ,=0.008
*Por three equizlent aspares
x i X
dmd; - (4, -4,) [2(27, ) (1-3P, )+9" | n1/(n-2) . 1-(d, -4,) [6(ZF, )
i 1 ) 1

b ) 3 3
(1-§:p“) (1-TP; J+p n1/(n-3) "] IX-8
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TABLE 1X-10

PADAN ASEEMBLY WOFKLOAD CONTRIBUTIONS

4

Assendbly %10
He V. Povor 0.1
p. BExoiter 14.0 *
RF Amp 80.0 &
8ig Proc, 27.0 *
Data Coms, 1.0
Displays 39.0 A
Total 161.1

X
P,,=1-IP ,=0,000
1

1

0,087

0.498

0.168

0.242

0.992

0,913
c.418

0.250

0.008




d=d, - (4, -4,) [2(0.087x0. 91340, 495x0, 418
+0,168x0, 25040, 2420, 008)
+(2£/10%) (0.008)" ]
: =d, - (d, -4, ) (066+1.,28x10""
: nd, ~0.65(d, -4,

The contribution of the averaged (P,,‘s) is obviously insigni-
ficant.

Referring back to Table IX-4, for C=2
4,=0.023-0.66/0.023-0.005)
=0,011
t, +=0-011/00.016x0.989
. =0.7
Frox Table IX-5
* d,=0.082-0.66(0.082-..022)
=0.04°
t, ,¢®0.042/0.0195x0.958

=2,2
Fromb Tasble IX-c
df-0.0T?-O.éé(0.077—3.036)
=0,043
t,,,®0.043/0,0161x0.951
=3,2
Table IX-~11l is constructed in the format of Tables IX-7, IX-8,

and TX-G, to asascvas the effect of equivalent spares computa-
tion for tha radar, Nots that radar unreadiness is reduced
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from 0.062 to 0,646, ZEven (hils ls ccnservative, since
spares ware only analyzed for contriliction toward two
effactive spares.

2,3 Comparison of Altsrnativas

The feasibility of alternativea differing from the hase sys-
ten is araiyzed simply by compariscn of the differsrices. Once
the base system i3 estanlianed, it becnmes relatively easy to
assass the eoffact of a changs in tha system,

2.3.1 Discard Feasibility

Since tha operational readinaas requirsment can be met with
repair at *ha f£ield shop and sinca this location offzrs the
least cost to repalr, it is only necessary to compaxre the cost
incurred at the f£ield shop for assembly repair versu: dis-
card. Tha bieakeven equation for discard is

C’+Cv,+Cg.2F‘
F

The ineguality must hold for discard feasidility.
c, = Cost of personnei

C,, = Com: of plece parte

C,, ™ Cost of test squipment and suppcrr
F = Pxpected fallures over ten years lifetime,

C, ™ Mean subassembly cost.

The expected number of failures is

-

P = (agyregste failure rate)x(life)=2X10 x6.,77x10*=17, 500

The coot of plece parts per repair is assumed at $10.00.

Mne radar repair team and one test s uipment repairman could
be sliiinated with subassenmbly discard, but the remaining
radaxr toam and those for Dats Processing and Cosvmunications

would remain ni essary fo. sssumbly level rapair and chockout.
The nunver of personnal affected is
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1/8-7 - $8939/year*
4/E-5 - $5172/year i
2/BE-3 - $2724/year
including pipeline personnel.
The inequality becomes
C, (2x$2724x10 yvears + 4x$5172x10 years + 73939x10 years)
+C, , ($1C x 17,500)+C, > 17,500C,
$525,000 +C, > 17.500C,

Based upon Aasembly Cost of

Assanbly Cost ~,, Breakeven

$50 $350,000

$106 ' $1,225,000 i
$200 $2,975,000 ’

The test equipment required for an eight-hour repxir time at
ths field shop is estimated to cost less than $200,000. 3inve
the average subassembly contains approximately thirty piece
parts at an apnroximate cost of ten dollaraz each, ths highusi
economically feasible level of discard ie t.2 piece part.

Severai costs xxe not included in the sdcve analywia:

a. Line iten entrance and maintananca - thiz 1g tThe sspa
under either policy.

b, Transportation - outine non-coat weaoe.

c. Manuals - anticipated o s fre same undar both al-
ternatives.

d. Cost of maintenzice vansa 375.200.

wAppendiy VIIX
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8., Cost of utilities .. this is estimated at $10,000,
based on sight hours 2{ operation per day.

The two critical error sources in the analysis sbove are
failure rate and assembly cost, The tendency is to under-
sstimate these parameters, trus anv error is likely to cause
underestination of c'iscard cost,

2.3.2 Fault Isolatlion Tradeoff

Fault isolatiorn is accomplished to the yreatest oxtent by
operation perscnnel. Since manual isolation is capable of
meeting tua operational readiness requiremen®:, and cost can
only be increased by inclusion of other than general purpose
equipment, manuai isolation, by general purpose equiprent is
the selected alternative,

Z2.3.2 Assembly Repair Location

Assembly repair at the field shop i3 sbviously less cosily
than at the squadron, for the following reasons.

1. Low-volume tranaportation ig effectively f{ree, being
already provided for other purposes,

2. Centralization of repair requires only two repair
charnels and test equipement, vs., at least three (one
at each sguadron; for squadron repair,

3. A spare of each type would bs nacessary with squadron
repair, or zgredron repair workiocad slements would be
3T, +t: +t, and downtime swould have added factors 2T, +t,,
wnich would add in excess of 16 hours’ dowrtime, and
prevent the gsystem from meeting operational readiness
requirements.

2.3.4 Spares Location

If all sparves are kept at sitses. it miglt be possible to olimi-
nate the aguadron maintenanco van, at an estimated cost oi
$25,000. Small vericles would still be neressary for delivery
of aspares from sguadron to aites, and f{or transporiation of
squiadror maintensnce personnel "o .cpair at the sites,

No decrease in squadeon personnal would be possible, and it

wauld be necaessary to ado approximately 23 spare assamblies,
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The breakdown equation ig

c? ch .
The inequality is required for feasibility of gsparees zt asites,

i

€, - Cost of van = $25,000
C, = Cost of additional spares.
The cost of the averags assembly is estimated at $20,000.

The spares cost becomes $560,000, obviously moxe costly than
squadron =pares.

2.3.5 Field Shop Repair Equipment
The alternatives to be considered are two repair channals with
general purpose equipment, and one repair channel with radar
equipmant mockups for isolation and checkout.
The cost inequality for selection of the mockupaz is

Cp>ctn

C, = Cost of personnel slim: nated

C,,= Net cost of mockups

Ag for discard fermsibility
C, =$350,750>C,,

Thiz seems a reasonable bound, and development of mockups ie
proposed.,

3., CONCLUSION

The base systsm as analyzed is capable of meeting operational
readiness requirements. The ccnriderable cost of providing
asztomatic {ault isolaction is found ¢0 be unnecessary o L gys-
tam whose major unyeadiness contribution is geograpny.

The radar workload at the field shop justifiss ‘nvestment in

nore efficient eguipment thaxe for fault isolaticn and check-
out
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