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Section I

Introduction

The primary objective of sparing procedures as applicable to the
task assignment is to maintain an acceptable level of spare parts input
into a system while keeping within prescribed boundaries of cost. The
aforementioned cbjective, simple as a goal, assumes a greater complexity
with the imposition of conditions and restrictions,

For this task there is the necessity to comply with the Navy's
supply procedures for spare parts. . This requires as a minimum,
abiding by the requirements set up for items or components that are
classified as critical, demand and insurance items, Maintenance policy
such as repairability at the source must be considered in addition to
the possibility of other constraints such as weight and cube. Stocking
at various levels of supply (ship, mobile support forces and depot),
and compliance with mission time and mission function have to be con-
sidered.

1 I RNBRU S O

The function of the sparing models or methodologies for electronic
equipments for this task should have the following criteria:
1. compliance with the Navy's supply procedures
2. maintaining levels of spare parts
3. abiding by cost constraints
4, administrative ease. ]

Methodologies for spare part procedures are abundant. However,
they span the spectrum of the area of logistics ranging from those that
are all encompassing to those that apply to specific areas. It will be
necessary to separate the methods that are applicable to this task from
those that are not.

It should be emphasized that it is not so much a case of new sparing 3
models or methodologies that are needed as the application of those
that exist. However, the existing models often have to be adapted
to the criteria or goals that are specified.
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’
ot Task Statement

rS. —
Ihe)lask 187jrequires a survey and

) assessment of models or decision rules applicable to the determin-
ation of spare parts levels for Navy electronic equipment be made.
This survey agreed to include a search of pertinent literature pub-
lished subsequent to 1 January 1974, together with such other sources ;
) deemed apprcpriate by contractor to establish a list of available ’ 1
!

sparing models.

Models are to be evaluated and ranked according to criteria
to be jointly determined by procuring activity and contractor.

' A report is to be furnished, in ten (10) copies, detailing:
1. Those models determined to be appropriate for use,
listed in order of desirability
" 2. The criteria used to evaluate and rank the models,

3. Copies of descriptive material on the top ten ranked
H ' models,
! 4, List of sources investigated,

; ) ‘&The models determined to be appropriate for use, listed in
order of desirability are contained in Section VI. The criteria for
evaluating and ranking app]icable'models are contained in Section
III (Area of Task). Copies of descriptive material on the top ten

) ranked models are listed in Appendix A and the list of sources are
listed in the Bibliography and Literature Evaluation Form A,

’ 11-1




) Section III
Scope of Effort

Area of Logistics

' This task falls into the broad area of logistics. In order to gain
a perspective of the task in relation to the area of logistics, it would
be feasible to specify scme of these areas. )
' The following are functions associated with the process of logistics:
1. budget decisions
2. procurement
] 3. acquisition
' 4, distribution
5. maintenance

6. management.

These functions are interrelated and compounded by problems such
, as modes of transportation, facilities, man power, duplication, supply
i " level, economical management. producibility, performance, centralization,
: and safety.

? The area of logistics is broad and multifaceted while the task ]
assignment is 1imited in scope. In order to cope with the task assign-
ment, the area of logistics will be arbitarily partitioned by a procedure
depicted under Approach (Section IV) in order to classify models and

) eliminate those that do not pertain to the task assignment.

Area of Task é‘

} Provisioning, excluding the various facets of spare management
such as storage, transportation, and reordering policies, reduces to
providing adequate levels of spare parts at reasonable cost. Therefore,
the sparing procedure should take into consideration

' 1. provisioning effectiveness

> 2. cost evaluation (weight and cube could be considered).

The methodologies or model required to achieve the above ends
could be done by hand, the use of tables, or computerized calculations

_111-1




or combination of these procedures.' Additionally, the model must be
capable of complying with the Navy's supply procedures, that is;
the model should be capable of providing for the requirements of criti-
cality, demand insurance items, and infrequently used items. The
model should be mission oriented while abiding by a normal usage con-
cept. The model should be what is called a static in contrast to
a dynamic one, that is; the time interval under consideration within
the model would not be partitioned and the methodologies for the time
intervals would not change. In addition, it would be feasible to
have spare support at three levels:
1. organizational level of supply -- spares carried aboard
ship or at the equipment site
2. intermediate level of resupply -- spares carried aboard
the mobile logistics support force and selected shore activity
3. depot -- spares located at the depot,




Section IV

Approach

The approach to the task involved a review of literature sources
to determine whether the material was applicable. In order to accomp- ;
lish this, it had to be determined what kind of models were being i
considered, the scope of the models and whether they were applicable
to the task. This was accomplished through the use of three forms which

subsequently will be described.

Initially, the breakdown of the approach to the logistics problem

can be categorized as follows:
1. stochastic (provabilistic, statistical)

2. deterministic (algorithms, mathematical)
3. empirical (rule of thumb, historically practical).

Many models have features of more than one of the above categories.
The one that is most pertinent will be the one under which the approach
will be classified. Essentially, the task would be concerned with the
stocastic approach in that, in general, uncertainity underiies the sparing
process. The stochastic procedures involved would depend upon underlying
processes and assumed distributions. For provisioning models input
distributions could be exponential, negative binomial, Poisson, Weibull,
or possibly some other type. Feasible deterministic procedures will be
reviewed as well as empirical procedures.

0 e o ik SNt e st
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The problems of logistics for this task can be broken down into
five general areas:
1. forecasting
2. inventory control and procurement procedures
3. distribution
4, maintainability
5. availability
' Not considered are areas such as producibility, safety and technical
performance.

! The area of forecasting generally involves stochastic processes and
procedures and would have a bearing on the other four above mentioned
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areas. The stochastic procedures would depend upon the distribution of

¢ the underlying random variable such as the Poisson, normal and negative
binomial distribution. Algorithms or procedures that constitute method-
ologies would fall in this area.

The areas of inventory control and procurement procedures which
encompass management budget decisions and acquisition are embedded in _
the economics of ordering quantities of items, The approaches or 4]
methodologies depict various processess which are classified as:
queing models or systems, game theory, optimality theory, operations
research, and markov processes (see References in bibliography).

The area of distribution would involve problems such as trans-
porting, lead times for ordering and location of distribution points.
Methodologies concerned with such problems are linear programming, net-
work theory, dynamic programming and various specialized algorithms,

The area of maintainability would involve the determination of
type, quantity, and extent of maintenance which must be incorporated
in the logistics system as well as factors such as manpower, test
equipment and technical support. Basically, a system is considered
maintainable within allowable time and personnel skills. The objective
is to keep the system in operational condition. There are many papers
in the literature concerning the multitude of problems involved in the
area of maintainability. Analytic methods could be in the areas of
renewal theory, operations research or the Bayesian approach,

The arca of availapility involves tne satisfactory operation
in time of equipment(s)/system(s) when used under state conditions.
Involved in this concept are operating time, active repair tine,
administrative time and logistic time. Provisioning effectiveness
contributes to availabfility.

Py

. The five areas depicted above represent a general breakdown of
the logistic process. Some of the methodologies described under these
g areas could and do span more than one area and in some cases serve as

1V-2
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models for an entire logistic system. It is not necessary or desirable
to get involved in the various aspects and details of the methods that
are applicable to the problems of logistics. The purpose it to layout
the framework of logistics into which the task statement under consider-
ation could fall.

In order to classify the material which comes under review, three

forms for literature review have been developed (see Forms A, B, and
C, pages IV-5 through IV-7):

1. Form A -- This form provides for the listing of the

(a) literature sources investigated, (b) whether

the material is applicable to the task, (c)
the three types of analysis depicted above
(stochastic, deterministic and empirical), and
(d) the five general categories depicted under
areas of logistics above,

2. Form B -- This form is more detailed and supplementary to
form A. Listed is a description of the
purpose, background, model, inputs and outputs,
as well as comments concerning the literature
source.

3. Form C -- This form is a supplement to forms A and B. It
Tists the literature sources that are approp-
riate to the task assignment. It describes
the provisioning model, the mode of calculation
(hand, tables, computer), details the kinds of
inputs and outputs.

If the literature source material does not fit the requirements of
the task statement, in general, only form A will be completed. If the
literature source investigated meets the requirements of the task state-
ment or partially meets the requirements, the material will be reviewed
further and the results will be summarized according to the layout of
form B. If the literature source has an applicable model, it will be
1isted on form C. Form C as well as forms A and B are used to
describe and evaluate models that are found applicable to the task
statement.

Iv-3




The approach to the task would be tc review the literature
sources based upon the above procedures and to classify the reviewed
logistics models as follows:

1. not part of the task assignment
2. part of the task assignment
3. related to the task assignment.

The feasibility of following such an approach would be that
areas not germane to the task assignment can readily be eliminated
while those that are pertinent can be reviewed in detail.
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Subject: ’ ¢

Literature Source:

Purpose: ,,

Background:

Model:

Input:

- R o A

Qutput:

Comments:

FORM B
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Section V

Description and Evaluation of
Applicable Models

Kinds of Models

”J Numerous abstracts were examined for source material (see bibli-
ography for material reviewed). There were over 125 articles that
appeared to be related to the task assignment that were procured through
the abstracts, only 74 articles were %ound to be pertinent. The number
that were found to be most related to the assignment was approximately
20. In addition, several texts were reviewed that contributed to the
general concepts that are incorporated in this report,

Most of the methodologies that were found applied to the areas
of inventory control, procurement procedures, distribution and main-
tenance. Many of the approaches were economic models which emphasized
cost minimization in the areas of ordering, procurement, shipping,
holding and shortages. Other models were time oriented with emphasis
being placed upon resupply time, ordering times, and lead times and
associated with some of these times were various echelons of supply
(i.e., ship, tender, depot) and stocking levels. Still other models
provide solutions to specific types of problems such as shelf life
deterioration, canabalization and handling parts that have demand
rates over one (1) year.

I

The models that relate to the requirements as specified in the
Scope of Effort of Section III are listed below. The models incor-
porated probabilistic functions, namely; the normal, negative binomial,
compound Poisson, and the Poisson:

Probabilistic Function Title Number (Form A)
Navy Model (normal and Poisson)
Current (FMSO, OPNAV 4441,12A, . 9, 40, 15, 61
APL, FLSIP) .
Proposed (Tender) 10
Proposed (Low Usage Items) 14

V-1




Probabilistic Functicn Title Number (Form A)
Normal 13, 30, 32, 60
Negative Binomial 36, 37, 38
Poisson (Compound) 8

Poisson (Monte Carlo) 31

Poisson 20, 26, 18, 7, 11

Scope of Models

The evaluation of the applicable models must be done in terms
of criteria of this task. Under Scope of Effort in Section III,
the criteria for a model would be:
1. provisioning effectiveness
2. cost evaluation (cube and weight should be considered)
3. compliance with the Navy's supply procedures
4. provisioning at three levels of supply:
a. organizational (equipment/system or ship)
b. intermediate (mobile logistics support force or tender)
¢c. depot.

The selected models will be matched against the above criteria
and evaluated in terms of whether they meet the criteria, and if not,
what the shortcomings are.

Navy Models' (current and proposed)

The first probabilistic model to be evaluated, as depicted in
Section V under Kinds of Models, will be the Navy Models (curent and
proposed). The current FMSO model is simple: If the average demand rate
for a part application (EkP) for a three (3) month period {based essentially
on historical data) exceeds or equals 1, the applicable model will be
based on the normal function. If the demand rate (ﬁﬁP) is less
than 1, the applicable model will be based on the Poisson function.
Sparing for parts is based upon the formula:

e + tpop




where tpis a risk factor and chb is the standard deviaticn of the
part type. The tp factor (risk factor) takes into consiceration many
elements, such as item cost, requisitior sizes and demand for items.
In addition, an effectiveness goal concept based on satisfied and un-
satisfied load 1ist requisitions is used to adjust the tpfactor for
costs of overstocking or understocking stock levels. Also, the
concept of criticality can be appliea through tre tpfactor. Judge-
ment and budget constraints could work through the criticality concept
to add or take away from the tpfactor that would ultimately affect
stock levels. The same procedure is used when applying the Poisscn
model, except that a table lookup procedure could be used. The Navy
uses the model for submarines and tenders.

According to OPMAV 4441.12A (title 40) and the allowance parts
1ist (APL) (title 15) the basic resupply procedures are dependent upon
the following classification of items:

1. demand based items -- those used aboard ship at least
once during a 90 day period, has a .90 probability of
filling total demand for these items over the entire
operating period

2. 1insurance items -~ those which have a demand of .25 or
greater usage in 1 year but less than a demand base
{tem will be selected only if essential to the support
of equipment considered vital to the ship's mission

3. long life item -- those having a demand .25 or less
in one year

4, technical override items -- those used to support a
newly deployed equipment

5. military essentiality code (MEC) items -- currently
there are two classifications for these items - critical
and non-critical with most items being classified as
critical (over 90%)

6. best replacement factor -- incorporated in the current
Navy procedure,it is the basis for the calculations
of the above items and is defined as: A weighted average
which takes into consideration recent demand data, older
demand data and the initial technical estimate of usage,

V-3
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The OPNAV 4441,12A and the APL procedure are incorporated intc
the FLSIP (fleet logistics support improvement program) and are used
for provisioning purposes. The procedure is depicted in title num-
ber 61 and is used for all Navy provisioning (other than that for sub-
marines and tenders).

Refering to Table I, Navy model titles ¢ (FMSO) and 61 (FLSIP)
it will be noted that provisioning effecEiveness and evaluation of
cost, weight and cube are not considered in the current procedure.
The provisioning effectiveness and cost constraints are approached
indirectly through the risk factor (t_) and gross and net effectiveness
(for definitions of gross and net effectiveness see the Glossary).
Without an effective methodology for determining the depth and range
of parts as they relate to equipment/system,stockage of parts will
be a unresolved problem. In other words, as depicted in the FMSO
and FILSIP models,stockage is not based on a model which simulates

the equipment/system but rather utilizes a per unit or part demand base.

Title 61 is a procedure used for computations of FLSIP COSALS.
This procedure is rooted in OPNAV 4441.12A (title 40) and the APL (title
15). The Poisson function is used for depth computations for items
to be provisioned.

Title number 15 is not a model. It merely describes the pro-
cedures used by the Navy for stocking shipboard parts, It is a refer-

ence for the provisioning and supply procedures and requirements for
the Navy.

Title 10 is a proposal for stocking at the tender level. The
purpose was to develop tables for provisioning technicians that would
be easy to use. The tables were designed to allow for purchase of
low cost items by provisioning technicians that are limited to $100,00.

Title 14 is a proposed procedure for sparing long life parts.
This procedure would allow for long life items (those that have a demand
rate that is less than insurance items) to be spared for a hull or
tender. The current Navy model makes no provision for sparing items
with low demand rates. The proposed method of title 14 would allow
for the sparing of such items within certain cost constraints.

V-4




R149314) SIYY 03 3|qudepys

X X X X X 11

¥ X X 1A

81

92

X X 0¢ uoSS |0

> > > > >X >
>
>

X X 1€ U0SS|04 - OjJe) UG

. X 8 uoss|04 punodwda

) S * * X X X X 8€° [€°9€ {ejwouig aALjen
.. X X X X 2€
} X X o€
. X X €1 (ewag
X X i - 14! o i
o1 pasodouad

> > > > >
> > > > >

.

bt

(%]

-

[

[anl

L=}

> > >
> > >
o< > >

X OSWd 6 uadany
(LowuON pue uossiod
Aavig

Liny 30dsg 43pual 3juswdinb3 $S8po) agn)  1ybLdM 3S0) SSIUIALIIVSI]I JaqunN L3POW
|9A37 DULUOLS}AOUd A3LeLuassy uoLIeZIWLULY Bbujuo}SEAOug 3L
puy
$34NP3I0U4 AARN

A2 e na

et

73004 ¥03 VIY3ILI¥D
T 378Vl




The shortcomings of the Navy models (FMSO and FLSIP ) are:

1. The provisioning effectiveness concept is not in
either model. Indirectly the gross and net effectiveness con-
cept contribute to a kind of provisioning effectiveness. The
Navy's models are parts oriented (probahilities for depth only
are assigned) rather than fcr equipment/system, If a model
(stocastic) were used for provisioning on an equipment/system
basis that incorporated the interaction of both range and-
depth for provisioning a probabilistic measure call provisioning
effectiveness would be obtained.

The reliapc2 upon historical data, as is being pursued
currently by the Navy is adequate provided that the units do
not change appre<iadly in failure characteristics and demand is
relatively constant over time. However, for electronic equip-
ments and new eguipments where the demand history for items
could and likely would be inadequate for provisioning the over-
all equipment/system approach is feasible.

2. The tpfactor in the FMSO model provides for cost evalu-
ation through penalty factors for overstocking and understocking,
However, the estimate for such penalty factors are subjective
and the approach moves towards an emphasis on budget constraints.
The model is geared to a cost effectiveness model rather than
a mission effectiveness model.

3. The current models (FMSO and FLSIP) have no overall
evaluation standard. Unless provisioning is measured in terms
of mission effectiveness or a similar mode, the current approach
will be open to question. The problem synthasizes to one of:
Will cost effectiveness take priority over mission effectiveness
or will cost effectiveness be a subset of mission effectiveness?

4, The military essentiality code (MEC) for FLSIP has
two classifications (critical and non-critical). It appears
that most items are classified as critical (over 90%). W{ith
this approach a viable procedure dces not exist for provisioning
for the range of items.




5. In effect FLSIP employs a Poisson function for deter-
mining part depth where the following equation is used:

ALLOWANCE ITEM = MEAN (ITEM) + 1.28 « MEAN (ITEM)

For a COSAL this procedure for calculating depth parts is over-
simplified.

Normal Modeis

There is a kind of evolution in the development of the normal
model starting with title number 13 through 30, 32, and 60. The
original concept was developed in title number 13. The approach was
based on the central limit theorem with an assigned provisioning prob-
ability goal. Title number 30 expanded the concept of title number
13 to include the equipment/system availability. The author of title
number 30 amplified and clarified approaches that were incorporated
in title 13, Title 32 indicated a methodology not fully developed
according to the author, for stocking a hull with constraints of cost,
weight and cube,

The author of title 60 tested the model of title 13 and 32 atove
using a computer. Basically what was found was that the results were
eratic. Certain distributions were skewed with the result that étocking
was mostly too high. If the number of components (or processess
per system as they are called) increased and if the operating time in-
creased, then there was an improvement in results.

A weakness in the approach that seemed to be ignored was the
basic central limit theorem concept, that is; the density function of
a sum of independent random variables approach the ndrmal density function
regardless of the type of density function each of the variables had.
The word random refers to the samples that would make up the resultant
normal denisty function, These samples must be selected uniformly from
the various distributions to generate a resultant normal distribution,
Invariably, this is not the case. Each part that fails represents




a part from a density functicn, There are as many density ‘functions
as part types (assuming that the process that produces these parts are
in a state of statistical control) and the frequency of failure for
part types are different. As a result. adherence to the central limit
thereom is not achieved. In addition, the theorem upon which this
approach is based states that the independent random variables must

be sufficiently large (whatever large mears) and that approximate
normality will result. In the examples of title number 60, for

small systems where the sample numbers were small, the weakness of

the approach was borne out, the prediction for spare parts was poor.

The authors of the approach ignore the practical aspects of the
technique in that the random concept seems difficult to handie, esp-
ecially for small systems where the results are unreliable, What
would be needed would be either a weighting technique to overcome
the random problems or using a procedure that relys upon the distri-
bution of sample means. Regardless, at this point in time, the
following problems with the concept are evident:

1.
2.

3.

it is unreliable for small equipments

a procedure must be developed to cope with the
concept of randomness

the approach requires that the process generating the
parts be statisticaily stable

the methodologies in the various write ups (title num-
bers 13, 30, 32, 60) would have to be merged to meet
the requirements of the task

the approach would, for practical purposes, have to be
computerized

a test procedure would have to be employed in order to
determine whether the assumptions of normality is
violated and if so, what procedure should subsequently
be followed.

Negative Binomial Model

Title numbers 36, 37 and 38 concern the PCLARIS logistics model.
It is a cost oriented model for a hull, Actually, it is called a
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loss minimization model. Included in the model are penalty factors

for overstocking and understocking as well as scaling or weighting
factors similar to the t factor for the Navy's FMSO model (title num-
ber 9). The procedure is based upon demand data and is oriented to
mission times of 2 to 3 months. Utilizing a coefficient of variaticn (in

this case ratio of the sample mean to the sample variance) for part types the

negative binomial distributions approximates the Poisson for values

less than or equal to .75, the exponential for values equal to 1 and

the normal and gamma for values greater than 1. The coefficient of .
variation in effect is a hazard rate which in essence allows for
afproximating the Weibull distribution. The model can be applied

te new parts that belong to a certain class, without any demand history
of these new parts and it can be applied to cases for low demand

items.

A minimization procedure for cube, for example, requires a demand
rate, the associated standard deviations and the associated holding and
shortage cost ratios. The procedure requires having the allowance
list of components in a priority sequence of nondecreasing essentiality
(defired in a subsequent paragraph) in order tc calculate a minimum
cube.” The process is an iterative one for approximating the total
cube required. Adjustments would have to be made in assigned weighting
factors for shortage and holding costs to derive a total cube that meets
specified requirements. The entire allowance list would be determined
- by iteration through individual minimization of loss function (over-
stocking and understockage). A computerized approach would be reauired
for this model beacuse of the volume of components involved.

A military essentiality code for items had been developed. A
rating procedure was proposed ordering parts in importance to system
mission. This was done in terms of probability values for 27 cate-
gorfies of items.

The model is cost oriented with built-in overstocking and under-
stocking penalties. It is a component oriented model based upon the
negative binomial distribution just as the FMSO model is based upon
the Poisson and normal distributions.




The shortcomings that apply to this model are:

1.

Much subjective judgement can be injected into the model
when determining penalty cost values for overstocking

and understecking. The analysis of cost losses from over-
stocking and understocking can vary substantially, depend-
ent upon the interpretation of contributing factors to
such lossess.

A question arises concerning how cost minimization re-
lates to mission success. Indirectly, if cost minimi-
zation worked properly nmore funds would be available

for provisioning. However, there is no provisicn in

the model, except indirectly for measures of mission
success.

Currently, items are precluded from beina provisioned,

especially when demand for them is low. The fact
that certain items are not provisioned on one mission

does not mean that they should not be provisioned on
subsequent missions. No solution for this condition
exists in the model. The claim is mede that low
demands could be provisioned but no perceivable pro-
cedure is described.

The scale values (weighting factors), like the tpva1ue
for the FMSO model, serve as a dumping §round fcr un-
resolved factors. It serves much 1ike a cranking
device to increase or decrease spares in an endeavor
to match demand. How well the procedure works has yet
to be resolved.

The series concept for provisicning especially ir rela-
tion to electronic equipments is not considered for
range and depth of spare parts. For example, assume
demands for parts are independent and the sparing
procedure calls for the provisioning of parts for a
three month mission with a probability of .90, If,

for illustrative purposes, there were eight part types
that were vital to the mission then the probability

of not having sufficient vital spares would be (.90)8
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or .43, With an incresse in the number of vital parts,
it can be seen that mission success deteriorates rapidly
without an adequate range and depth of spare parts.

6. The model is a cost oriented mode! and demand oriented
model designed for provisioning a hull, It is not
missjon oriented and not well suited to meet the criteria
of provisioning electronic equipments,

Poisson Model

Title number 8 was cited to illustrate the use of a compound
Poisson function for spare provisioning., The concept of spare shelf
life deterioration as well as bunch effects (where a part in an equip-
ment fails, other parts are replaced, as well as the feiled part, for
maintenance and other purposes) has a tearing upon the spare distri-
bution functions. A mode of representation would be a two para-
meter Poisson iunction (called a compound Poisson function) in lieu
of the single parameter Poisson functiocn.

Title number 31 illustrates the adaptability of the Black and
Proschan model for system design. A Monte Carlo procedure is used
to simulate random equipment failures. The equipment is simulated
by a computer program based upon a series parallel configuration.
As operating time increases, failures are simulated through the random
geinerator to determine if the equipment/system would fail. ODown times
are cumulated as operating times increase in order to calculate the
system availability. The equipment/system simulation in the series
parallel configuration has the fault tree analysis characteristics
(various modes of system failure such as one, two and three ccmponents).
It is conceivable that the fault tree analytic approach could be a
substitute for the Monte Carlo procedure. However, by the procedure
described, the equipment/system can be analized for design (or re-
design) purposes or for provisioning purposes.

Title number 20 is a spare part procedure for new equipments. It
is a hand solution model. Given the components costs, the number of
like components, operating time and the failure rate for the components,

V-11




assuming an exponential process and the adequacy of spares as having
a Poisson distribution, a model is developed. The model was designed
for equipments with a small number of components and sparing is based
only on critical items. A provisioning goal is set and based upon

a series configuration of parts and exponential process, spares

are added until a provisioning goal -has been met. In conjunction
with these computations, a cumulative cost value is derived.

Title number 26 is an expanded version of 20 above that was
written by the same author., A more detailed account is given in
this paper concerning the proposed methcdology. It was emphasized
that the procedure does not rely upon an exponential process, in
other words; it can be designed for a normal, negative-binomial or
Weibull processes.

Title number 18 is concerned with the Poisson model on a per
part basis. A computer program has been written to generate output
at various confidence leveis (i.e., .80, .90, .95). Based upon
a multitude of computer runs, charts have been drawn to determine
the number of required spares dependent on the confidence level
desired. The procedure does not consider provisioning effective-
ness.

Title number 7 is a modified Black and Proschan opt:w.t spare
provisioning model for equipments/system. The claim is made that
after exhaustive evaluation of the state of the art; the model

(Black and Proschan) is the most capable of providing the support and
trade off orientation required in the world of provisioning.

The methodology was computerized with some slight changes in the
model. The computer program was first written in FORTRAN IV for the
Honeywell 2200 for 900 line items. Subsequently, the model was
programmed to run on the UNIVAC U-494 and it was capable of handiing
7,000 line items. Then, the Naval Applied Science Laboraties at
Brooklyn, New York, estimated that it would be possibie to handle
30,000 line items on the CDC-66C0 with running time over 3 hours.

L AR A e e s e

The paper identified equipment for which usage data was collected
over a 1% to two year period for various equipments. . two tables,
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a comparison was made between the conventional Navy procedures 1
and the Black and Prochan model for provisioning results, The ]
comparison was very favorable for the Black and Proschan model. ]

Title number 11 is a modified Black and Proschan model for equip-
ment(s)/system(s), tender(s) and depot(s). It is an expansion of the %
Black and Proschan model beyond the equipment/system level. It is a
computerized system in the FORTRAN IV language and written for the 7090 1
computer. It handles up to 2500 line items and can easily be adjusted
to handle 8,000 or more. The model was designed to provide a pro-
visioning procedure for the AN/SPS-40 radar at the equipment (ship)
tender and depot levels. Qver 12,000 part application and over
2,000 distinctive parts were involved. The input was the FSN or,part
number, cube, weight, cost, number of applications, replacement
rates and resupply procedures.

s B

The program has the capability to set provisioning goals at
prescribed levels for equipments/systems, tender(s) and depot(s), and
cumulative cost, weight, and cube and a normalized provisioning
reliability function. There are options in the computer program which
aliow for checks and verificati. s of computerized results. The pre-
visioning probability calculations for the stock list of this model
in contrast to the standard stock 1ist for the APL was extremely
favorable.

The shortcomings that apply to all of the Poisson models are:

1. The models must be adjusted to accomodate a multi-
mission provisioning procedure. The Black and
Proschan model is an initial type provisioning model.
To accomodate for follow-on provisioning in certain
cases, a modification in procedures may be required.
This would be true especially when the complete range
of on site parts was not provisicnined during intial
provisioning using this model.

2. The models are restricted to part replacements being
distributed as a Poisson function. The models could
be more general, certain failures for parts could be
normal, compound Poisscn, negative binomial or
Weibull, Accomodations for such functions do not
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exist in the models. .
3. System availability calculations are not in any of

the models.

V-14

T



*
1
i
!
i

a J

Section VI

Rank of Applicable Models

Based upon the Scope of Effort for the task (Section III) and
Description and Evaluation of Applicable Models (Section V), it is evi-
dent that there are shortcomings in all models that were found.

The reviewed models were designed for specific purposes. Some were
designed for sparing a hull, others were designed to be simple to under-
stand and apply, others were designed for table lookup or to be hand calcul-
ated, others were designed for sparing at the equipment/system level and
others were designed to comply with budget constraints,

The purpose of the effort of this task was to find sparing models
for electronic equipment(s). This would tend to restrict the problem
to the area of low demand rate items. Low demand rate items, as far as
provisioning is concerned, usually are depicted in terms of a Poisson
function. Other functions, such as the compound Poissen, normal and
negative binomial may apply. The above functions were found in
selected models but the model designs did not completely meet the scope
of the task for models as described in Section III,

The selected models have been ranked based on the criteria of
factors described in Section III (Area of Task). Provisioning effective-
ness was considered the primary factor in ranking models in that a mission
could be seriously affected due to the lack of parts. The use of a
model which employs the provisioning effectiveness concept afferds a
measure whereby a missions success can be gauged for equipment(s)/sys-
tem(s). Cost (as well as weight and cube) of parts was considered
secondary in importance. A model with a cost (weight or cube) limiting
feature that lacks provisioning effectiveness lacks dependability.
Regardless of the model that is employed for provisioning, it is nec-
essary to comply with the Navy's supply procedures. In effect, unless
these procedures constitute a major problem for a provisioning model,
they would not be considered significant. Provisioning for tender(s)
or depot(s) is ccnsidered secondary to equipment(s) provisioning, If
a model has this capability in addition to equipment(s)/system(s) pro-
visioning capability, all else being equivalent, the model would be
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considered a superior model. Table I (Criteria for Models) depicts
the criteria as applied to the models that were considered applicable
for consideration. The ranking of the models are as follows:

1. Title number 11 (Poisson-Computerized)

2. Title number 7 (Poisson-Computerized)

3. Title number 31 (Poisson-Computerized)

4, Title numbers 20, 26 (Poisson-hand calculation)

5. Title numbers 36, 37, 38 (negative binomial-POLARIS model)
6. Title number 9 (FMSO model)

7. Title numbers 40, 15, 61 (FLSIP model)

8. Title number 60 (normal model-rieeds further develcpment)

9. Title numbers 13, 30 (normal model-hand calculation)

10. Title number 13 (normal-hand calculation).

Title number 11 comes closest to meeting the requirement for the
scope of effort for a model. It provides for provisioning effectiveness,
calculations for cost, weight, cube,provisioning at three levels of supply
and accomodates the Navy's  supply procedures. However, it does not encom-
pass multi-missions. Based on the provisioning goal assigned certain
parts may not be provisioned on the first mission, especially for highly
reliable equipments. On subsequent missions a procedure has to be set up
to cope with this situation.

Title number 7 is similar to number 11, in that it needs to be
multi-mission oriented. A major difference is that it is limited to the
equipment level. There were no indications of calculations for weight or
cube but apparently that would not be a problem. However, the provisions
for the Navy's supply procedures may require a certain amount of computer
program adjustments.

Title number 31 is a procedure to improve system design for the
purpose of enhancing reliability. The purposes is to detect reliability
weakness in an equipment/system. The procedure employs the Black and
Proschan model with the Monte Carlo feature for simulating failures,

It is a computerized model, requiring a simulation of a system (in terms
of fault tree analysis, where a system is laid out in series and parallel
configuration) for analysis. However, the range of the model is limited
to small system. Although the model was designed as a tool for enhancing
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the reliability of an equipment, it is adaptable as a provisioning
tool.

Title number 20 and 26 are hand models that are suited for small
equipments.

The POLARIS model is prefered over the current Navy's procedure
in that it is more flexible. The provisioning procedure for parts for
the POLARIS model are refined through the use of the coefficient of
variation and the military essentiality ratings. The POLARIS
model is budget oriented and provisioning is geared in that direction
rather than upon mission success. The procedures for POLARIS and
FMSO are not that much different conceptually, except that FMSO relys
upon the normal and Poisson functions for provisioning whereas the
POLARIS model relys upon the negative binomial function.

The FMSO model through the use of weighting factors (assigned
through the t value)} give this model a depth of provisioning capabiltiy
not possessed by the procedures of FLSIP COSALS (based upon OPNAV
4441,12A and the APL). Under the net effectiveness procedure for a
COSAL for both models a kind of mission effectiveness is achieved
(the net effectiveness is the demand satisfied divided by the demand
received of requisitions for load 1ist items).

Title number 60 has shortcomings which are 1isted under normal
Model in Section V. These shortcomings apply to the underlying con-
cept for all title numbers in this group (13, 30, and 60). This,
in addition to the difficulty in administering and interpreting results
is cause for not recommending the methodology.
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Section VII

Conclusions and Recommendations

No model was found that would be general enough to meet the complete
requirements for provisioning for electronic equipments/systems.
Models that have favorable features have been found but no comprehensive

model was found.

The most applicable models that are available are

those described under Poisson models. To meet the needs of a general
and more complete mocdel, the following modifications should be incor-

porated:

1‘

Provide for provisioning based upon the multi-mission
concept. The sparing procedure for this concept should
take into consideration long life items and those items
that are not spared on previous missions. The multi-
mission concept is not incorporated in the Black and
Proschan model, under certain conditions, provisioning
could be seriously affected, if the model was used for
restocking.

Provide for a Monte Carlo procedure to circumvent the
initial provisioning restriction of the Black and
Proschan model., Ccmponent failures could be simulated
for an exponential, normal or other type of combination
of processes for spare parts provisioning.

Using the coefficient of variation (the ratioc of the
mean to the variance) for a test for unit provisioning.
This would expand the capability of the model so that
parts could be provisioned based upon the Poisson,
normal or other distributions.

In order to provide for a bunched effect where the
replacement of one unit leads to the inspection of
other units and possible replacement, a compound Poisson
distribution for parts replacement should be used.

A procedure for astimating parts that are subject to
such replacement should be set up and identified so that
the information can be incorporated in the model.
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5.

A procedure should be incorporated to allow for the
provisioning of long 1ife items. This could be
accomodated through the multi-mission procedure
described above.

Provide for inputing to the model the necessary data
to calculate availability and operational readiness.
The Poisson models have cost, weight and cube cumulative
features. These values are cumulated as parts are
added to the provisioning list. Occasions may arise
where the minimization of cost, weight and cube would
be required. This could be accomplished by the
following calculations where the calculation for pro-

visioning purposes is
APROBi
MAX { aeosT,

incremented probability associated
with the i-th spared item
cost of i-th item

where APROBi

ACOSTi
APROBi
MAX\ TeosT
If minimization of weight and cube are desired HEIGHTi
and CUBEi would be substituted in the denominator.

It

maximum provisioning probability
for the cost increment

If the minimization of a combination of the three factors
were desired, the following formula could be used

APROB,i
MAX
WTI -ACOST1 + NTZ- AWEIGHT_i + NT3 . ACUBEi

where le, WTZ, and wT3 are assigned weighting factors
for cost, weight and cube respectively and where

ACOST1 = propnrtion of the total allowable
cost of the i-th item
ANEIGHTi = proportion of the total allowable

weight of the i-th item




ACUBEi = proportion of the total allowable
cube ¢f the i-th item
APROBi = incremental probability associated

with the i-th item

8. Provide for a simple and effective hand or table lookup

solution. Those model. (title 20 and 26) that were found f
and listed under the Poisson model would have to be made

comprehensive and effective,

This task deals with the selection of the appropriate type of
models to be used for provisioning of electronic equipment(s)/system(s). ;

incorporated in a proposed model. If this task is tc be pursued further,
the outline of the proposed model above will have to be develcped into

a detailed procedure and thereafter tested and implemented. Using the
computerized model depicted in title 11 which comes closest to approxi-
mating the scope of this task and the modifications recommended above,

a comprehensive and versatile tool for provisioning electronic equip-
ments/system wouid be available.

k. A review of the literature has lead to the above recommendations to be

pprEes S
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Section VIII

Literature Evaluation
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Literature Evaluation

Form B

Only title numbers applicable to the task
Assignmenti are listed cn this form.
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Title No. 7

Systere

.‘
il
~i

Litergture Scurce: Noval Lngireerin, Joernal, Tob,

0 R. D. lutz

o

Purpose: Alternativ. (o the part protusblilie
Flect leoicticoe Sty Lsvowe o

e n—

Model: Spare provisicning nodel of Elock
process)

Input: Failurc rztes, costs

- Cutput: Equiprment/Systen effcctiveness vs,

u

Cowmenig: Mathed is based upon the Polesen
series contiguraiicn to cerive ¢
iveness for cquipment (s)/systenc,

TORM B

VIII-16

| Subjcct: Opsimum S—ore Provisicuing for flcoetreonios ool
A < i . L .

nd Proschan

5 Ro I, Powell oud

(Poicertr




Title

LNo. 8

Subject:

Literature

Source:

Purpcse:

Background:

Model:

Ingut:

OQutput:

Comments:

Tnitial Prevasicning with Spore Peterioration

Provisicrio: with syare Let
Schveitrer

A study to deteroine tie sters required to establich

creoundL T otae

‘nes deteviorate,

11v asrurme that

14, (2) spare carts
te in usc. A

crail amncunt cof spare
cegracation cf

sveten relicbilicy,

System ¢f ¥ identical pouves with ar initial supply of
M parts. The N paris are ascured te fail dirde-~

pendent!y euch with o Ccernstant failure rate ' while
the spare ports arc fodl Indepondently
with a constunt ta!l ».  Cerpound Poisson
functicn uscd to dervie spare part depth.

Failure rates, vailor
(weighted), prozat

rates for stare ¢quiprents
a 1o
equipi.vitts, cperatir; tine

visionin: geal for

Equipment spares for corerating time (t).

A graphic nethod for deterrining spare requirerents
necessary for g mission of specified operarting tive

with a nreset prebabllity grevisicerning level., dHand
calculations are curtereo™ requiring interpolation.
Applicable to relilatle cquipments requiving a

small rutter of spare parts in that the calculations
are cumhersco,

FORM B
VIiii-17




Title No. 9

Literature Scurce:

Purpose:

ckprounids

Ba

Model:

FMSO Load List Maodel

List Manunl, Navy Fleet Material Suppert Office,
i

Proviae 2
materiul

suphort § sz
that serve tc cuptly t

A method sinple enough to understand and apply was resuirced.

Load list is rates cdevived frem historical

dewand date, ilvre dacz undé technical
overrides. Fth othe fean devand and varid
for gpecificd vii«
basad upon the :
criticality of a pary g assigraa a risk

used for gencrating rhe lead lists,

v

PRI

Average derand (3 month), variation in demand, number oi
applications, risk control parameters

Load lists for individual ships, mobile leogistlc sunport
force and selectcd shore activities aud depots -

No overall protection level is obtainabie under

this procedure. Relation btetween ccst and rission
effectiveness is not obtairadle, Sparing is on a
per item cr unit basis, depcndent upon demand, demand
variation and risk control (weighting) parameters,

FORM b

VIII-1&




itle No. 10

Subject: ¥3M load list prediction wocel
y Literature Scurce: ALRAND werlkidne memerandum 205-TFBM load 1ist prediciicn

model, 20 May 1977

Purpose: Provide Tender 1
provisicuin,

electronic

ad lict cuantities for use during ths:
ki s c

e — e
———— .+ ——— e ..

Background: The TLL (Tender Lcod List S i ~cdc fcr duter-

miping rarge cnd derih derive nmizitl i

. with original provirsi !
shortages result.,

) equation or tablc teo g N
that will be casy to use onl practiccl,

- Model: The procedure is based on the QAD (quarterly average

' demand) where items have a demend history of tuc or
more years. Where bhistery is lacking the 0AD ig the pro-
duct of the PRI (DQCL replacerent Izcter) and the pop-
ulation to be supperted. The foisscn distrivvrior is

R assumed to be descriptive vhere the forecasted Q') is cre
or less and the norral Sistributicn is assumed where tle
QAD is greater than one.

Joput: QAD's, LRY's, number of part aspplicatiorns per part, price,
risk control percreter,

Output: Tender load lists with and without copstrairte cn price
and stocking levels per part tvpe.

Comients: This procedure is to the tender leid list
computaticnal nody rocedure has ths eption of
irposing arbricor: st ts such as a ~axirun of $10G.(T

1 ‘ per unit/{ifty unit tvpes. The lead list levels arc
% dependent on the ncd ricw control paranctor wi
: is an irput of the Lul.

FCIUUB

VI[I-19




Title No. 11

! ; . . -
Subjoct: Stock list provicioning precedure with detvailcd AN/SPS-40 }
: vadar opplicetion s
i
Iiteratuce Source: Technical weport nurior O1EL2,01-1 stock 1list provisiecning
c procedure with detailed AN/E2S-40 radar applicotion

Arthur Rupp

! Furpoge: A logistic studv te deternine the procedure required to
! establich a spare parts previcioning list and to
! cvelo wputer program for performing tiie pzcessary
| ul
Lackground: During thc pcrfor”“ncc of cquipwent evaluiation by the
electroni miintenance enminbering center, ic was found
. that a rajor ccurce oif dirficuitics reculted freom inade-
_ quate logisti~ suppcrt, The locistic prehlen was found 5
) to be acute on the AN/5v5-40 radar system.
Hodel: The proviciconing procodure is baced on the Poisson
I probability function, it

is cseurmed that eguirmear parts

| have a serics configuration and that ports ore added

, to the equiprount tatus until ¢ previsionin
i iy I8

probebility foal PLDV‘vl sning prevabilicy

¢oals con be set vl depots

(e.g, Provisiening Lo oLe ol s 10,
¢ for a2 3 month stock peried for couinmente, .93 for €
ronthe for 6 cquinvints fer seb-dropots and 72 for one-

c
year for 42 equipments for the depot),

Irput: Part type, part naumc, cube, veignt, price, nurber of appli-
ekt st e ’ : ’ ' 1S4
cations, rerlacerent rates, tseirsred previcioring prob-
ability fouls (for ecuipment, svb~depot, depot) for
<

epecificd calander times,

Output: Stock liets for ccuinrent, sub-depot, and depot with the
ascociated price, cube and weight,

Comments: With minor medificaticns the cemputer progran can bve
adjusted Lo penerate provisional prebability goals with
11 . . . . »
§ a cost winiization r'eature, Vith repair tine data,

+
I
)
“

the cperaticuoal roodd ¢f the cquipment can be
i detersined thru the computer rum,




Title No. 13

Subject:

Literature Source:

Model:

Comments:

Technique for Determining the Number of Spares with
a Prechosen Probability Level

Tenth Annual Reliability and Mathematical Conference,
Annals of the Assurance Sciences, Anaheim, California,
1971, N. E. Lynch and R. S. Norris

The basis of the technique is that the density function
of a sum of independent rarndom variables approaches

the ncrral density function regardless of the type

of density function each of the variables had.

This assumes a sparing of unlike equipment for differ-

ent operating time at sites such as a depot. Pro-
visioning goal is set,. No cost optimization procedure,

The method is cumbersom, It needs someone with a
statistical background tec interpret the results.

FORM B

4;xu-u-.-..----.-...-Iil&nﬂlp4; i - . . _

o aiadvd
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Title No. 14

Subject:

Literature Source:

Purpose:

Background:

Mocdel:

Comments:

A Methodology for estimating expected usage of repair
parts with application to parts with no usage history

Naval Research Logistics Quarterly, Vol, 17, Dec. 1970,
S. E, Hater and R, Sitgreaves

Develop a sparing procedure for part types that have no
usage estimates

Handling usage estimates with zero values over long
periods of time

Repair part demands are assumed to be Poisson distributed
while their means are assumed to be Gamma distributed.
Alike tvpe of items are pooled for estimating usage

rate for zero demand items,

The method is peripheral to the task assignment.

FORM B

. VIII-22 | |



Title No. 15

Subject:

Literature Source:

Furpose:

Backgreound:

Model:

Comrments:

The allowance parts list
Newsletter, Dccenber 19735, R. G. Hakemian

Defining the precedures and philosophy involved in
generating the allowence parts list

Procedure used by X¥avy for generating shipboard parts
list,

Procedural model

Ary cparing rodel for the Navy would have to consider
the procedures ard concepts as described in this
write up, Procedures are rcequired for the task
assignrent,

FORM B

M

VIlI-23 | '
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Title No. 18

Subject:

Literature Source:

Purpose:

Model:

Input:

Output:

Ccmments:

leliability Approsch to the Spare Parts Problem

GCeorge H. Ebel and Andrew lang

Develop a preocedure whercby unskilled pereonnel, using
charts and tables can select the nunber of spare parts
requircd to support a given program,

Poisson function for provisioning of parts
Failure rates, applications per part type
Spart part number per part type

A procedure using graphs has been developed for
calculating spare part needs. Confidence limits
have been calculated to determine whether certain
part types may fall critically short.

ronRg 3




Title No. 20

Purpose:

Model:

(O

inents:

On optimael redundancy

Operations Research, Vol. 7, 195¢, Guy Black and
Frank Proschan

Provide spare part kit for new equipnment

A complex svstem is to te placed ir the field for a fixed
pericd, During thic period only the spares initially pro-
vided may be tsed to replace cemponence that tave failed,
Independence of failures is assured among the escential

oacidered, Giver. the cost ¢f cornronents, the
like cezponents of cach tyne simulranadusiy
operating, the lengih of coperztion sc: dulrd for each com-
porent, the toilure distributions of cor
genreral maticeratical soluticn i3 obtaine
ocition of tho spare parte Lit vhich ra
cf centinucd creration during the weciad,
fixcd budget for apares, Lxplicit *o:r;las a

v

for tlie corp-
'zca acsurance
sbicect to a

¢ cbtzined

r{l
y

in *he case oi expenentiul fa;lu-e Cciscributicry, cen=-
structive procedures in the case of wmenctone Likellhood
ratic dumsoties, Fortunately, tne idortical rutheratical
nocel 1o oanol 1 etcrmining the cpoimal cliocatien

n cet :
of rcduudancy ecigning svsrem reliabiliity under a
weight or ceost restiaint

Polsson provisicning with equipment represented by
series configuration, Cost minimization also derived.

FORM B
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Title No. 26

Subject:

Literature Source:

Purpose:

Model:

Input:

Qutput:

Spare part kits at minimum cost

Proceding ~ Fifth National Syrposium op Feliability
and Quality Contrcl, 1959, Guy Black arnd Frank Proschan

Provide spare part kit for new equipments

Poisscn function with equipment represented by series
configuration

r n -
P(x) = [(2 Onfe TP o )

i=1] x=0

where: = provisioning probabllity goal
= part type size

depth of part type

part type

failure rate of part type

= time (operating)

L el S« B S BS v]

failure rates, part type, price zud rno. of cperatiag
hours, part type size, provisioning goals

spare kit for specified operating time with a cost
evaluation procedure

FORM B8
V1ii-26
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: Title No. 30

Ml

iterature Scurce:

Purpose:

T

Model:

P
.

Corments:

Spares and Systems Availebility ’ $

Troceedings, 976 Armual Reliabilicy and Meintainebility
Sympesiur, Wm. J. Vonden Bosch

To predict the expected svstem availebility, nunber of
hours tetween restocking sraercs, nuster of ar
essary, expected time systonm will be dewn aad wmininize
cost.

Technique fer determining tne number of spares necess-
ary for & systen or groups of svetemes uvtilizing a pre-
chosen probability level that sutricient

be availsble. The baslis Zor this teoinin
dencity functicn ol a sun ol independent
approaches thie norcal densicy fu~- icm,
type of densitv runction cach of the variab

The claim made is the methedology and aprlication is
simple. This is nct true but the apprcach is interesting.
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Title No. 31

Subject: A Monte Carle Approach to Spare Provisioning

Literatvre Savrce:d L. J. Sebeny

Purpose: Simulated technique for stoching ~guipment(s)

Background: The progran describnd in the paper illustrotes a method
of provisicning spcres fcr a cenplex system on the basis
of their ir~aat ¢n svster availivility and C“LC. Turough
rhe uce of a Yonte Carle technique, a wide variety of
systen confipurctions and rmaintenance practices can be
simulated and anslyzed. Also, by cunleving a computer
generated table describing system success as e function
of assembly status, the inpur data required to use the
projran is groatly simplified, Input data is “user"
oricnted requiring only kncwledge cof system operation
and maintenance practices thu itts of the

T

program by personnel of va

Model: Simulation, monte carlo technique, probzbilistic using
Poigson function and fault tree type of mndel for the
system.

Input: Failuie Rates, repair rates

Output: System reliability and availability

Cou.ients: Tt is necessary to develep a ceompurer model for each
enquipment, The methodology 1o that sence is not gen-

2ral enough in that these computer models of

the system

may be extensive. The limits of a cemputerized model

are restricted, This restriects the size of an

o

to be handled.
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i Title No. 32

) ' Sutject:

Literature Scurce:

Purpese:

Model:
L.
‘ lnpuve:

Outpnut:

An optinul =2llevinee list wedel

Mina Haskino

Tbe p oLﬂ nove zhiol

How dc

CO'””diL"s,
?

space
3

¥]

-

o ")
o]

-

NYonro e
prercs

ities to bLa carried, i

be stocked, and tie relstive T ilitary
worth', cte) to given each coinedity, all subject to tre
overridinus considcraticns oif space, 118 pandr tve

c I
shall zttempt to treat a sorewiat idea
this preticen by a retued which i t
complicatcd situncions,

Expected dremand, normal distritution, laprange rmultipliors
for optini Lo howeightirg facters to censider the

it , wit
factoy ¢i essentiality

Expccted cderand for mizsicn, total allowable cost, wei/iht
or cube

Part lis th censtraints of cost, weight or cube

100 1
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Title Nos. 36-38

Subject:

Literat.

Model:

Input:

Qutput:

Comments:

POLARIS Logistics Studies 1, 2, 3
Study 1 —- Military Esserntiality System (AD 6C3 385)
Study 2 -- Allcwance List Input (AD 294 633)
Study 3 -- Lecgistics Model (AD 416 391)

Defense Docurmentation Center, Deferce Logistics Agency,
Cameron Station, Alexandria, Virginiz; by Marvin Denicoff,
Joseph Fennell, W. E. Manlow and Henry Solcmon

Sparing based upon demand rate (2-3 nenth basis). Using
the negative tinomial demand model end coefficient of
variation. Snmaring is on a part basis by means of table
lookup., Scaling factor and essentinlity factors have
been develcped and preposed for use.

Demand rate, variance, price, weight, cube, holding
cost, shortage cost, scaling parameters, essentiality
factors

Spare parts for part types, cost, weight, cube for hull

Sparing is on a poert basis

FORM B
ORI 3§ § ¥+ W -




3

litle YNo. 40

Subject: CPNAV Instrectien 45341,120/, Chenge Transmittal 2
—— el 3 &

Literature Source: Departrment cf the MNavy, Office of the Chief o ‘.aval
Operations

| Purpose: Supplv support of the operatirg forces. To pre-
scribe rarge and depth of rnaterial to be carried
by individual ships.,

Model: tlcuristic model, Range and depth of rreovisioning

bascd on definiticrs of (1) demand based items,

(2) riiitary essentiality, (3) low demand items and '
: (4) net effectiveness concept.

Ly A o idins

FORM B
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Bl ood

I SR

it

le

te. 60

Subject:

Literature Scurca:

Purpose:

Background:

Model:

Input:

Output:

An kvaliation of a Technique to Deternine its
Applicability (1973)

Naticnal Techniczl Information Service, U. S.
Departrment of Commerce, Springfield, VA, Ronald
D. Oglesby

Calculate number of spares necded to meet a predeter-

rinec probability projection level with a minimum

0f systen down time

Evaluation of a technique based on the central
limit theoren

Norr:al model based on the central limit theorem

Kumber of systers (or parcs), time (operating), wean
of different yprocesses, associated variance third
moment, and the desjred probability level

Probability level, number of spares per system(s)

TORM T




) subject: Logic Chart Computaticn of FILSIP COSALS
Literature Source: Navy Fleet Material Suppert Ofifice, Mechanicsbur PA
» y 2
Purpose: Describe procedure used for component provisioning
of COSALS,

Model: A model based con demand cor erpected demand and the
Poisson functicn for determining depth of items.

Input: Eect replacerent factor, derand(s), various restrictive
criteria on demands
Output: Range and depth of provisioned items.
YCEM B
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Literature Evaluation
Form C
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Section IX

Glossary 1

Allowance Parts List -The technical portion of the COSAL. Identified

(APL) by individual equipment. The parts which are !
candidates for ship's allowance,inciuding initial i
} range and depth as well as mainterance and supply *
| instructions for each part, |
Availability -The probability than an equipment/system is

operating satisfactorily in time when used under
stated conditions where the total time consider-

. £

ed includes operating time, active repair time,
administrative time and logistics time.

Be?t Replacement Factor -A usage rate which represents the best estimate
BRF)

of annual usage of an item for each installation
of that item. 1f the BRF is 1 or greater for

a 90 day period it is considered a demand item

if it is less than 1 but greater than .25 for a
90 day period it is considered as an insurance
item provided it is critical for a ship's mission.

Coordinated Shipboard -Document which lists the equipment, components,
Allowance List (COSAL)

repair parts, consumables, and operating space
items required for an individual ship to per-
form its operational mission,

{ Critical Item -An item considered vital for the success of a
| ' mission/or function of an equipment/system.

BﬁP -Average demand rate per part.

Demand Base Items -Those items used aboard ships at least once during
a 90 day period, has a .90 probability of filling
total demand for these items over the entire
operating period.

Depth -The quantity of items on a load list.

Ix-1




5 FLSIP -Fleet Logistic Support Improvement Program,

A procedure which incoporates the requirements
cf OPNAV 4441.12A and the APL for stocking a
hull (see procedures in title 61).

TR T W DT
N .. -

Follow-on Provisioning -Subsequent provisioning for an equipment/system.

Gross Effectiveness -How well the load meets the demand for all items
whether they are involved in the range of the

« e v—————

load 1list or not. The gross effectiveness goal

is set at 65%. Gross effectiveness is calculated
as the demand satisfied by the demand received

- r—

of requisitions for load list items plus other

R — T TS YTy * 4 &

items.

Initial Provisioning -The first-time provisioning for an equipment/
system.

Insurance Items -Those items which a demand of .25 or greater

usage in 1 year but less then a cdemand base
item. It will be selected only if essential
to the support of equipment considered vital
to the ship's mission,

Long Life -Those items having a demand .25 or less usage
in 1 year, These items are not stocked aboard
ship.

Military Essentiality -Currently there are two classifications under
Code (MEC) this class of items -- critical and non-critical
with most items being classed as critical (over 90%)

Mission (Reliability) -The probability of non-failure 6f the equipment/
system for the period of time to complete a mission.

Multi-mission -Subsequent time periods (missions) within which
an equipment/system would be operable.

Net Effectiveness -How well the load meets the demand for items on
the load itsclf. The net effectiveness goal is
set at approximately 85%., HNet effectiveness is
calculated as the demand satisfied by the demand
received of requisitions for load Tist items.
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Normail Usage

Operational Readiness

Provisioning

Provisioning Effect-
iveness

Provisioning Level
Range

Reliability

Spares

Technical Overrides

-Peacetime operating stock level,

-The probability that an equipment/system is
either operating satisfactorily or is ready
to be placed in operation on demand under
stated conditions. It would be represeried
by reliability times availability.

-A process for determining the range and depth

of support items necessary to operate and maintain
an end item of material for a specified pericd

of time.

-The probability that sufficient spare items are
available at a site in order to meet a pre-
scribed probabilistic goal based on a stochastic
model.

-A probabilistic value assigned for provisicning
an equipment(s)/system(s).

-The variety of items on a load list,

-The probability that an equipment/system will
perform satisfactorily for a given time when
used under stated conditicns.

-Items that are to be used as repairable items.

-Those items used to support newly deployed
equipment and to support critical equipments.
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Appendix A

Applicable Literature Source List

Listed are the literature sources (called titles in section VI)
that were seiected as being applicable and related to the task. They
appear under a separate cover but the title numbers and literature sources

are as follows:

Title No.

10

11

13

14

15
18

20

26

30

Literature Source

Provisioning for Electronics Equip-
ments/Systems

Initial Provisioning with Spare
Deterioration

FMSO Load List Model

FBM Load List Prediction Model (for
Tender)

Stock Provisioning Procedure for the
AN/SPS-40 Radar

Technique for Determining the Number
of Spares with a Prechosen Prob-
ability Level

A Methodology for Estimating
Expected Usage of Repair Parts
with Application to Parts with no
History

The Allowance Parts List

Reliability Approach to the Spare
Parts Problem
On Optimal Redundancy

Spare Parts Kit at Minimum Cost

Spares and System Availability

Author
R. Powell and
R. Lutz

Paul J., Schweitzer

Arthur Rupp

N. E. Lynch and
R. S. Morris

S. E. Haber and
R. Sitgreaves

C. H. Ebel and
A. J. Lang

Guy Black and
Frank Proschan

Guy Black and
Frank Proschan

Jf Vanden Bosch
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Title No. Literature Scurce

31 A Monte Carlc Approach to Spare Pro-
visioning
32 An Cptimal Allowance List Model

36-37-38 POLARIS Logistics, Studies 1, 2, 3

40 OPHAV Instruction 4441,12A, Supply
Support of the Operating Forces

60 An Evaluation of a Technique to Deter-
mine its Applicability

61 Logic Chart Computation of FLSIP COSALS
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Author

R. S. Sebeny

Mina Gooray

M. Denicoff,
. Fennell,
. Haber,

. Marlow,

. Segel,

. Solomen

T uno

R. D. Oglesby







