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CHAPTER I i.
INTRODUCTION

In today's complex defense environment, great
emphasis is placed on the development and acquisition of
weapon systems that provide the most for each dollar. When
speaking of weapon systems there is often a tendency to
overlook the importance of "all the equipment required on
the ground to make a weapon system . . . operational in its
intended environment [1:A2-1]." This equipment, known as
Support Equipment (SE), runs the gamut from low cost hand
tools to multimillion dollar computer operated automatic
t;lt stations (23:1).

"The development and acquisition of Support Equip-
ment are integral parts of a defense system acquisition
program [23:1]." The cost of SE for Air Force weapon sys-
tems presently ranges from S5 percent to 15 percent of the
total acquisition costs of the system. The importance
of SE has grown so rapidly over recent years that the aggre-
gate cost of all SE in the inventory in 1975 approached
$4.5 billion and has increased each year since. SE has a
great influence on total Operating and Support (0&S) costs

of the Air Force defense system (23:1). Due to inflation

and technological advancement, the 0&S costs of maintaining




current Air Force systems has grown to nearly 60 percent of
potential expenditures (26).

One of the fastest growing elements of SE which
relates directly to 0&S costs is Automatic Test Equipment
(ATE). The importance of ATE has expanded to such a degree
that it requires additional management attention. The
importance is exemplified by the $600 million projected
development and acquisition costs of ATE for the F-16.

This amount of cost qualifies the F-16 ATE for major pro-
gram status (25).

The role of support equipmogt has been recognized
and numerous policies and regulations have been established
for SE development and acquisition. Even with this guid-
ance several problems have been identified with respect to
evaluating alternatives in new SE acquisition and in con-
trolling the cost of equipment already deployed in the
field (23:1). One specific problem is that there is
presently no proven method of estimating O&S costs of SE

available to SE managers.

Statement of the Problem

There is a need for a model to estimate and measure
Operating and Support costs for avionics Automatic Test
Equipment that will be used in Life Cycle Costing tech-
niques applied to ATE Support Equipment programs.




Background and Justification
The policy of the Department of Defense (DOD) in

compliance with the Armed Services Procurement Act of 1947
is to procure supplies and services from responsible sources
at fair and reasonable prices. Supplies and services pro-
cured under this policy should result in the lowest overall
cost of ownership to the government (1l:A5-1). One way to
determine a fair and reasonable price is to employ Life
Cycle Costing (LCC) technigues when acgquiring new systems
and equipment.

LCC “"covers the entire cost spectrum from design,
development and acquisition, through operating and support
to ultimate equipment salvage [26]." LCC began in the Air
Force in 1968 with the procurement of nonrepairable items
and progressed in stages through applications to major sub-
systems to major weapcn systems (26). Today LCC continues
to expand within the Air Force. Depending cn the intended
use, LCC is "a costing discipline, a procurement technique,
an acquisition consideration and a trade-off tool [14:39]."

In its use as a costing discipline, ILCC deals pri-
m;rily with 0&S cost-estimating methods (14:39). O&S costs,
those generally associated with ownership, include the
costs of operation, maintenance, and general support
(17:1). Since 1975 the DOD has placed increased emphasis

on 0&S costs in order to reduce total weapon system costs

(6:44) .




One reason for this added emphasis is that 0&S
costs of a system will probably exceed the initial cost q;
acquisition. Additionally, 0&S costing has been deter- g
mined to be important in the areas of Force/Support Pro-
gram Balance, Weapon Systems Comparisons, Historical Cost
Perspective, and Design to Cost Implementation (31:2-4).
While O&S costs have generally been associated with com-
plete systems, the same benefits of these types of analysis
can be applied to acquisition below the system level such
as SE.

According to the Logistics Management Institute,
the Air Force is procuring SE at the rate of §l1 billion per
year and investments in SE are proiected to increase (25).
As noted previously, ATE is becoming a significant factor
in total SE costs. ATE is defined to include all

Electronic devices capable of automatically or

semi-automatically generating and independently fur-
nishing programmed stimuli, measuring selected param-
eters of an electronic, mechanical, electro-mechanical,
or electro-optical item being tested, and making a
comparison to accept or reject the measured values in
accordance with predetermined limits [l1:A2-2].

Recently, acquisition of SE has received high-
level attention due to large expenditures in this area.

The General Accounting Office, the Inspector General, and
the Logistics Management Institute have documented SE
acquisition problems in the areas of high cost, untimely
delivery, inadequate trade-off analysis, and unrealized

standardization potential (25).
4




One of the earliest attempts to improve management

of ATE O&S costs was in June 1971 when the Air Force Loais-
tics Command (AFLC) directed San Antonio Air Logistics
Center (SA-ALC) to prepare a plan to identify and quantify
the cost elements involved with Air Force ownership of ATE.
As stated in its scope, the model developed by SA-ALC only
documents costs of ATE procured by the Air Force and is
not a predictive model which lends itself to sensitivity
analysis (1l:5A-1).

Presently, the Aeronautical Systems Division SE
System Project Office indicated that there is a need for an
0&S cost model which could "help program managers forecast
SE requirements, estimate budgets and schedules, and per-

- form trade-off analysis [25]."

Research Objective

The objective of this research was to develop a
model to estimate and measure 0&S costs for avionics ATE
which could be useful in LCC techniques applied to ATE
Support Equipment programs.

Research Questions

The following research questions were posed to
guide the research toward the stated objective:
1. What are the variables that contribute to the

operating and support costs of ATE?




2. To what categoties of operating and support

e
e

costs do these variables apply?
\ 3. What is the relationship among these vari-
ables &hat defines operating and support costs?

4. How sensitive are opcratinq'and support costs

to changes in these variables?




CHAPTER II
" LITERATURE REVIEW

A literature review of appropriate regulations,
manuals, directives, and other publications was conducted
to evaluate and/or define the following areas:

1. Models in general.

2. Mathematical models being used in the Air Force.

3. Accounting models and their use in the Logis-
tics field.

4. AFLC 0&S and Logistics Support Cost (LSC)
models, technigques, and uses.

S. Logistic Support Cost Commitments (LSCC} tech-
niques.

6. Elements to be considered in the development of
a mathematical model for the estimation and measurement of

the 0&S costs of ATE.

Models
One of the aspects of man's reasoning faculty is
the ability to predict what is going to happen; i.e., the

ability to forecast.

Rational conduct depends not only upon knowing what
is really happening and being able to interpret it, but
on having present in our minds a representation of what
is going to happen next (5:100].




This prognosis may often be inaccurate, but is continu-
ously corrected by feedback. A mental representation or an
abstraction of the real world is what can be called a model

of the real world. This representation may be more or less

accurate, that is, a more or less predictive aid in the
behavior of the real world. "Because they are predictive,
models are open to experimentation as a means of evaluating
the likely performance of the thing modelled [5:100]."

The process of modeling is a process of mapping a
conceptual nodel into a scientific language. During this
process some conceptual richness is lost, because this
conceptual richness depends on nuance, association, and
mood, and it is not transferable into scientific terms.
Nevertheless, a conceptual homomorphic scientific model is

obtained that is precise and unambiguous (5:112-113).

Because reality is in many cases too complex to be exactly
reproduced, or because certain variables are irrelevant to
a specific problem, models are simplified abstractions of
the real world; that is, various degrees of abstraction can
be obtained in modeling (28:20).

According to the degree of abstraction, models can
be scale models, analog models, or mathematical models.
Scale models, with the least degree of abstraction, are a
physical replica of reality. Analog models are physical ;3
models that do not look like the real thing but behave

like the thing modeled. Mathematical models use symbols
8




to represent the complexity of relationships in some sys-

tems.

Mathematical Models

Mathematical models typically are presented in the
form of mathematical equations that establish the relation-
ships between the variables. These models are easy to
manipulate for the purpose of experimentation and prog-
nosis. The dependent variables of the mathematical models
tell how well a system performs, that is, reflect the level
of effectiveness of the system. The independent variables
of the model can be divided into two classes: controllable
from the point of view of the decision maker (decision vari-
ables), and uncontrollable (28:20-23).

From the standpoint of the decision maker, models
can be divided into normative and descriptive models.
Normative models are usually optimum models that prescribe
the course of action, while descriptive models reflect the

system's performance under various input sets of data;

descriptive models do not guarantee optimal solutions

(27:30-39).
Models can further be deterministic, if certainty
is assumed; and stochastic or probabilistic models, if

uncertainty exists (27:75).




Logistics Models

There is an interface between the logistics area
and Air Force system design; this interface involves three
broad decision situations:

1. Conceptual design/concept evaluation.

2. Detailed system design.

3. Support planning.

When models are applied to solve Air Force logistics mana-
gerial situations they are called Logistics Models.

During the conceptual design phase logistics models can
handle the comparison of "different concepts for achieving
some set of performance characteristics or operational
objectives, and for establishing envelopes for system char-
acteristics [24:6]." During the detailed system design
phase logistics models can handle the selection of a par-
ticular hardware design from a number of alternatives.
Finally, during the support planning phase logistics models

can handle the estimation of the kind and amount of

=

resources tequitéd'ib¢;hppoﬁt a particular design. A par-
ticular logistics model could:véry well be used for all
three phases.

There are many logistics models developed and used
in the logistics field. They can be categorized, depending
on the methodology they use, as analytical or simulation
models. Analytical models "yield a single answer or a

unique set of answers for any given set of valu~s of input

10




data (24:10]." The solution that this type of model gives
is the desired consequence sought, and it requires a mini-
mum of computation. Most of the logistics models fall
within the analytical category. Simulation models are
appropriately employed for systems characterized by large
data bases or sizable solution sets (24:10); that is, when |
the situation is too complex for the use of analytical
models. When dealing with complex situations, however,
simulation models do not necessarily give optimal solu-
tions; what they furnish is an approximation to the best
answer. Even with a good selection of input data the
optimal solution is not assured. Simulation models are
more expensive than the analytical ones, and present diffi-
culties in debugging and validation.
The analytical models can further be categorized
into probability models, network or flow models, and
accounting models. Models, like the reliability models,
that are based on the probability of occurrence of events,
are called probabilistic or probability models. When the
situation involves movement of things, like materials,
spares, or reparables, flow models are best suited.
Accounting models are commonly used in the logistics field
because resources are usually expressed in terms of dol-
lars. They are "a structured way of adding component

costs [24:12]." The accounting models used in logistics

compute the operating and support costs at relatively low
11
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levels of hardware breakdown--Line Replacezble Units (LRUs)=--
and total these costs. They include initial and replenish-
ment spare costs, on- and off-equipment maintenance costs,
inventory costs, support equipment costs, cost of personnel
training and training equipment, cost of management and
technical data, and cost of new facilities. As we shall

see, the model developed in this research effort falls into

this class of logistics model.

Life Cycle Cost Models
The life cycle cost models include a variety of

mathematical models that "address some aspect of life cycle
costing during the weapon system acquisition cycle [8:1]."
They translate system characteristics and performance into
requirements for support resources, and ultimately into
dollar cost estimates. Life cycle cost models are used
for:

1. Computation of Operating and Support cost esti-
mates which are taken as decision criteria by DSARC or other
levels of management.

2. Computation of Operating and Support cost tar-
gets which are incorporated into contractual commitments,
and to measure success in meeting such targets.

3. Computation of comparable Operating and Support

Cost estimates for consideration during source selection.

12




4. Trading off alternative equipment designs and

support concepts on the basis of their impact on life cycle
cost (8:1).

The link between system design and the cost to
operate and support the equipment resulting from that design
can be established by: (1) making a good estimate of the
operational and support costs during the acquisition pro-
cess; (2) keeping records of the costs of operating and
maintaining the system in the field; (3) finding out what
operating and structural characteristics of the system
drive the costs for 0&S; and (4) feeding back what DOD
learns to the industrial community so they can improve
design from an 0&S cost impact viewpoint (31:4).

Life cycle cost models do have utility in the Inte-
grated Logistics Support (ILS) context, as tools to:

1. Study the impacts of operational requirements
on design and support alternatives.

2. 1Identify areas of high support costs as a con-
sequence of design decisions.

3. Make useful comparisons of alternative support
postures.

4. Develop budget estimates.

S. Act as evaluation tools in the source selec-
tion process and to define incentive goais and other con-

tract guarantees (24:30).




Comparing operating and support costs of a new sys-
tem with the 0&S costs of current systems permits one to:

1. Determine trends in O&S costs.

2. Determine shifting demands for support
resources among similar systems.
3. Focus management attention on critical resource

demands of the new system (31:3).

The most important reason for evaluating Oss cost

impacts of a new system is the need for DOD to implement the
Life Cycle Cost concept, that is, the integration of 0&S
cost targeting and weapon system design (31:4).

There are several types of LCC models: Cost Factor
Models, Cost Estimating Relationship Models, Economic
Analysis Models, Logistics Support Models, Reliability
Improvement Cost Models, Level of Repair Analysis Models,
Maintenance Manpower Planning Models, Inventory Management
Models, and Warranty Models.

The following are desired characteristics of LCC
models:

1. Completeness--LCC models must include all ele-
ments of life cycle cost appropriate to the decision issue
under consideration.

2. Sensitivity--LCC models must be sensitive to
the specific design or program parameters under study in
order to resolve life cycle cost differences between alter-
natives.

14




3. Validity-~-LCC models are abstractions of the
real world and some judgment will be required with respect
to how valid cost estimates are.

4. Availability of input data--LCC models should
use data that are readily available at low cost and have
a high level of accuracy.

LCC models developed up to now present the follow-
ing deficiencies:

1. There are certain parameters not taken into
account by such models. Models are not sensitive to cer-
tain performance and design parameters, such as accuracy,
speed, range, and, as one author has pointed out, "Early
tradeoff decisions frequently have large impacts on 0&S
costs [(8:24]."

2. In many cases, LCC models are too complex.
They may have a large nurber of parameters which may
obscure a small set of parameters that are more relevant to
life cycle cost. Also, the definitions of the parameters
are often unclear.

3. In many cases input data are not available on
time, are expensive to collect, or lack the desired level
of confidence.

4. Some LCC models are not sensitive to wear-
induced fajilures (8:8-9).

Generally speaking, a model must be oriented to a .

relatively narrow range of application in order to be

15




useful for analysis of a specific design issue. Input
data must be relatively easy to obtain.

General purpose LCC models tend to be inadequate
for specific applications because they (a) lack resolu-
tion with respect to specific decision issues, (b) do
not reflect characteristics of peculiar equipment
types, (c) require data in formats that are too exten~
sive or are not compatible with formats of available
data [8:4].

Logistics Su rt Cost Commitments
lLSng Technigue

LSCC is a relatively new technique that contractu-

ally embodies the concept of aggregate target cost for mea-
suring O&S costs, and provides incentives to the contractor
to lower 0&S costs. This technique has been used in only

a small number of contracts and its effectiveness requires
more evaluation. However, LSCC is an innovative technigue
that if applied on a selective and controlled basis will
broaden the Design to Cost (DTC) concept to include the
operating and support cost in addition to the development
and production costs already encompassed.

The Design to Cost concept, which has been imple-
mented with success by the DOD, is defined in DOD Directive
5000.28 as

. « . a management concept wherein rigorous cost

goals are established during development and the con-
trol of systems costs (acquisition, operating, and
support) to these goals is achieved by practical
tradeoffs between operational capability, performance,
cost, and schedule. Cost, as a key design parameter,

is addressed on a continuing basis and as an inherent
part of the development and production process.

16
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Also, DOD Directive 5000.28 establishes the need for mea-
surable operating and support cost goals "which can be
monitored during test and evaluation as well as in opera-
tion (13:3])."

One way to measure operating and support costs is
in terms of dollars. In order to do this, ". . . it is
necessary to convert the measures of reliability and main-
tainability, such as MTBF and MT'TR into expressions of
cost (13:24]." The LSCC technique takes into account these
cost goals in terms of dollars, and uses the following
three elements to determine achievement of these goals:

1. A target logistic support cost (TLSC), defined
according to a LSC model framework.

2. A measurement and verification of the LSC.

3. A remedy or price adjustment, according to

the results of the measurement and verification of the LSC.

Framework for an LSC Model

In the Logistics Support Cost Commitment Technigue
the government logistics support costs, as a function of
contrator-controllable equipment logistic parameters, are
represented by a sinplifiod cost model. This cost model
is structured in line with the recommendations of the
Joint Logistic Commanders' Design to Cost Guide (30:23-24).

The cost model has two kinds of parameters: those
parameters, such as MTBF and Not Reparable This Station
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(NRTS) , over which the contractor has certain control
through his engineering design, and other parameters that
describe the environment in which the equipment is to be
operated and maintained. The latter parameters are sup-
plied by the government with the model framework (9:2).
The cost model framework is developed by the pro-
gram office or acquisition management staff personnel and
is given to the interested contractors as part of the LSCC
provisions. This cost model framework will become the
basis for the negotiated contract, and for formal communica-
tion between contractor and government (9:3). An outline

of a basic LSC model framework is presented in Appendix A.

Target Logistics Support Cost

A cost target within the LSCC has several benefits.
First, the LSCC contr&ctual technique provides great design
flexibility to the contractor permitting LSC reduction to
the government. The contractor has many alternatives to
lower the logistic support cost as long as he can meet the
target logistic support cost (TLSC) (9:3). Second, the
legistic support cost impact of the interactions among
logistic parameters is reflected in the cost model frame-
work. This impact cannot be detected if reliability and
maintainability targets are set individually. Looking at
the mathematical model, it is easy to see how costs can be

changed by increasing or decreasing a parameter, such as

18
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MTBF or NRTS. Third, cost impact is in terms of dollars,
facilitating "effective analysis of trade-offs between
acquicition cost and LSCC impacts of equipment design
expenditures f9:3].' Fourth, it is easy to perform sensi-
tivity analysis.

The cost model framework (CMF) could be expanded
to incorporate other parameters and all possible inter-
actions, but "as the accuracy and comprehensiveness of
the CMF is enhanced, its mathematical complexity increases
[9:5]." As the complexity of the CMF increases, the
responsibilities under the LSCC become more difficult to .
determine; risk becomes much harder to assess, and incen-

tives decrease. 1

Implementation Considerations
Since LSCC is an important and complex legal docu-

ment, several managerial decisions require considerable
attention in the implementation of the LSCC. For example,
it is very important for the verification environment to
be fully defined. Failure definition, parameter estimate
definition, and responsibilities of both the government
and contractor must be clearly stated and must include
considerable detail. The LSCC must include all kinds of
detail and definitions relevant to determining the method

to be followed during the verification stage, and any kind

of adjustment in the TLSC prior to the verification test. '
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Another important consideration is the development
of contract adjustment procedures. From the comparison of
the measured logistics support cost (MLSC) and the target
logistics support cost, contract remedies or price adjust-
ments are made. If MLSC < TLSC, positive adjustment can be
used. An award fee as a function of the difference between
MLSC and TLSC, up to a specified value, is one method of
positive adjustment. An increment of the price per unit
as a function of the difference between MLSC and TLSC is
another way of positive adjustment. If the MLSC > TLSC by
a certain percentage, usually 10 percent, the LSC perform-
ance of the equipment is not adequate, and remedies are
used (9:7).

If the MLSC = TLSC or they differ only within a
small specified percentage, it is regarded as sufficient
compliance of the LSC target by the contractor, and the
contractor is given the benefit, e.g., award fee. All price
adjustments or remedies must be conducted according to what
is specified in the LSCC (9:7).

Another consideration is related to the kind of
risk that the LSCC exposes both the contractor and govern-

ment to. Cost risk is part of business risk, and has two

elements--statistical risk and technical risk. Statistical

risk is the risk of making incorrect award/remedy deci-
sions because of differences between the MLSC and the LSC
of the underlying true population. Statistical risk
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considerations are necessary because MLSC is only an esti-
mate of the true measured logistics support cost of the
underlying population. Technical risk is the risk due to
variability of the possible values of the MLSC of the under-
lying population relative to the target logistics support
cost. This technical risk is a function of the state of

the art, the efficiency of the manufacturing process, the
compliance with the development schedule, and other tech-
nical factors. Statistical and technical risks both have

a significant impact on the LSCC as a tool for the trans-

mission of incentives to the contractor (9:9).

If the statistical risk is very high, incentives
are reduced, and needless expenditures may be incurred if
equipment is rejected when it meets the requirements, or
if equipment is accepted when it should be rejected (9:9).
When the technical risk is very high or the variability of
the true MLSC cf the underlying population is very large,
the use of the LSCC technigque is not recommended (9:9).

Other considerations are related to the legal

aspects of the LSCC. The contractor's responsibility for

various factors of LSC has to be balanced against suffi-

cient authority to control those factors of the LSC; and
the government has to guarantee the maintenance of the
prenegotiated levels of those factors over which the con-

tractor has no control (9:9).




Since both contractor and government are inter-
ested in having low statistical risks, one way to reduce
statistical risks is by using the LSCC for a group of
items: developing a TLSC for the aggregate of items instead
of separate TLSCs for each individual item. Statistical
risk reduction is due to the existence of independence of
variability of test data among items.

Two problems may arise in trying to lower sta-
tistical risk with the aggregation over several items.
First, if the prime contractor passes down to subcontrac-
tors the same LSCC provision on an item-by-item basis,
sucontractor's statistical risk may be very high. Second,
during the verification test, some items may have very high
MLSC, but the aggregate target may be met due to the "off-
setting effect of low measured LSCs for the remaining
items (9:15)." These high MLSC items may be the cause of
weapon systems down €ime in the field.

Of prime consideration is the research that has to
be done when structuring the LSCC. The purpose of the LSCC
technique is to maximize contractor incentive to reduce
government LSCs while maintaining statistical risk to con-
tractor and government at acceptable levels. Thus the
assessment of the values that will establish the relation-
ship among the control parameters has to be made in a
rigorous manner. If these values are realistic, the Cost

Model Framework (CMF) will adequately represent the costs
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of logistic support for the actual equipment demand. If
control parameters are well set and their relationships
well defined, it will "permit extensive studies of
trade-offs among the four parameters (9:17]." It also will
permit enough time to study the LSCC statistical risk prior
to negotiation of terms and conditions of the LSCC.

The LSCC technigue is a well conceived and innova-
tive contracting technique. It appears to be an effective
way to transmit to the contractor DOD life cycle goals.

The CMF is a simplified model that represents
government LSCs as a function of contractor-controllable
equipment logistic parameters. Nevertheless, the LSCC
needs certain prerequisites in order to be recommended as
an adequate contractual technique: statistical and tech-
nical risks have to be low enough so that contractors are
attracted to work on a project and so that LSCC effective-
ness in transmitting incentive to the contractor to design
a reduced LSC item of equipment can be maintained. However,
the LSCC technigques have been used in only a small number
of contracts and need a more complete evaluation. "Future
applications should be on a selective and controlled basis
(9:17)."

The Logistics Support Cost model was the type of

model deveioped for the estimation and measurement of the

0&S costs for avionics ATE. This model concept permits

the utilization of the LSCC technique for contractual
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commitment purposes. The reasons for selecting this model
and the LSCC technigue approach were:

1. LSC models are aesigned to support the tech-
nigque of life cycle costing.

2. LSC models are very useful in source selection.

3. The LSCC technique transmits DOD life cycle
cost goals to the contractor.

4. The LSCC technique is in line with the DOD

"Design to Cost" concept.

Logistics Support Cost Model for
Automatic Test Egquipment

The logistics support cost model for automatic test
equipment developed in this study is a representation of

the real world expressed mathematically. The model can

serve aihiﬁ”iidhinmghe decision-making process and help

reduce the risks associated with uncertainties of the
future (19:77).

The model consists of a se: of mathematical egua-
tions representing different operation and support cost
elements. Summation of this set of equations yields the
approximate operating and support cost for automatic test

equipment ovcer a specified period of time.

Reliability and Maintainability
The two primary factors which determine operating

and support cost are reliability and maintainability.
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According to AFLCP 800-3, ;

« « « reliability is the principal performance
factor influencing design and life cycle support costs.
It predominates as a lead factor in determining other
factors such as availability, maintenance load factors,
and spares and support requirements (2:7].
Increased reliability could result in decreased operating
and support costs but probably at a higher acquisition cost.
Maintainability is a gquantification of the ease of nainiq-
nance. “Maintainability is a consideration of design, while
maintenance is a consequence of design [2:11)." Designing
ease of maintenance into a2 product may also result in
reduced operation and support costs, but again may increase
acquisition costs. These two factors (reliability and
maintainability) illustrate the necessity for a model in
which acquisition costs can be weighed against operating and
support costs in determining the "best buy" for the govern-
ment. Thus it was important to understand the ‘relationship
between reliability and maintainability and operation and

support costs.

Assumptions and Limitations 1y .
for iﬁaci Development :

Basic assumptions and limitations necessary for

model simplicity in developing the automatic test equip-
ment operating and support cost model were as follows
(10:4) ¢

1. Each base of operation using the automatic test

equipment was considered to be fully operational.
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2. The spares requirement was based on the highest
level of program activity.

3. Only one Technology Repair Center (TRC) location
and several intermediate base repa.ir lccations were con-
sidered.

4. Only recurring training for maintenance personnel
was used.

5. Certain factors that contribute to operation and
support costs were not considered due to lack of estimates

or difficulty in evaluating such costs. Examples of these

factors are modification costs and software changes.

Factors of the %ggistics
upport Cost el

The logistics support cost factors considered in
the automatic test equipment model are:

1. Cost of Test Replaceable Unit (TRU) Spares (CI)

2. On-Equipment Maintenance (Czb

3. Off-Equipment Maintenance (CJ)

4. Inventory Management Cost (C,)

5. Cost of Support Equipment (Cs)

6. Cost of Personnel Training (Cs)

7. Cost of Management and Technical Data (C7)

8. Calibration Requirements (Cg)

Logistics support costs are the sum of all factors

included in the model; e.g.,




ATE Logistics Support Cost = c1 +C, CJ + c‘ +
Cg + Cg + C, +Cy

The cost factors are discussed individually in order to

gain more insight into the logistics support cost model.

Cost of TRU Spares. The logistics support cost
model provides for a systematic determination of the types

and quantities of spares and repair parts required to main-
tzin and support the automatic test system and its associ-
ated hardware for a fixed period of time. The equipment
spares are necessary to fill the field and depot repair
pipelines and to replace the items which are condemned at
base level over the life of the system. The base repair
pipeline spares include a safety stock to protect against

random fluctuations in demand (10:3-1).

On-Eguipment Maintenance. On-equipment maintenance

includes servicing, preventive maintenance, time change
removals, and unscheduled removals. On-equipment mainte-
nance for automatic test equipment is done at the inter-
mediate level. This cost factor also includes the time

expended during fault-isolation to a subassembly level.

Off-Equipment Maintenance. Off-equipment mainte-
nance is associated with the repair of subassemblies after

removal from the automatic test equipment when a failure
has occurred. Off-equipment costs are estimated using the
27




average value of labor where the average cost to repair
includes the cost of labor (salaries, fringe benefits, over-
head and lost time) employed in the repair process (7:44).
Erroneously removing a properly functioning subassembly
will also be included as part of this cost. Off-equipment
maintenance can be accomplished at the intermediate level
where one facility provides support to one or more using
organizations or at the Technology Repair Centers (TRCs)
which possess more sophisticated egquipment and greater
maintenance capability. Repair at two different mainte-
nance levels can cause confusion in determining cost of
off-equipment maintenance since the costs to repair at

base level are different than the costs at the TRC level.

Inventory Management Costs. This element of cost

is considered as the new inventory life cycle management cost
based on the number of spares estimated under the spares

cost factor‘17:33).

Cost of Support Equipment. This céut factor
includes the gquantities and costs to acquire and maintain

new peculiar items of TRC and base shop equipment utilized

in the repair of automatic test equipment (10:3-7).

Cost of Personnel Training. This factor includes
the cost to train base and depot maintenance personnel over

the life of the automatic test equipment (10:3-10).
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Cost of Management and Technical Data. This cost

factor includes the labor costs associated with the prepara-
tion of maintenance forms due to equipment failures and
scheduled or periodic maintenance. Also included are the
costs to acquire and update technical orders and other

technical data (10:3-11).

Calibration Requirements. Calibration requirements
are a cost factor that is unique for test equipment. This

element includes the cost of calibration of all items that
require it on the automatic test equipment. Calibration
intervals, calibration time, and equipment turnaround are

important items affecting this cost factor.

Summary

There is a definite need for management tools which
can aid the Air Force manager in decision making in this
time of tight money and ever-increasing weapon system costs.
The life cycle costing technique is one of the management
tools which has been employed successfully in reducing sys-
tem costs.

There are different models which have been developed
and used in life cycle costing. Some of the models are the
life cycle cost models, logistics support cost models, and
operation and support cost models. Unavailability of sup-
port equipment models has resulted in poor cost reduction

results and has invoked criticism of systems acquisition.
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Life cycle costing techniques have not been applied

to all Air Force systems acquisition. Such is the case in
the area of support equipment acquisitions and especially
in the automatic test equipment arena where increasing
cost has focused high level attention. Consequently, it
was the intent of this research effort to develop a logis-
tics support cost model for automatic test equipment that

could prove useful in ATE life cycle costing applications.




CHAPTER III
METHODOLOGY

This chapter describes the methods which were used
to answer the following research gquestions:

1. What are the variables that contribute to the
operating and support costs of ATE?

2. To what categories of operating and support
costs do these variables apply?

3. What is the relationship among these variables
that defines operating and support costs?

4. How sensitive are operating and support costs

to changes in these variables?

The research followed the steps outlined in Figure 1 to
address the areas of variable identification, variable
relationships, and model sensitivity. Research question
number 1 was answered by comparing existing O&S models
with actual data collected from the depot and field.
Examination of the variables and personal judgment was used

to categorize the variables identified to answer question

number 2. An adaption of dimensional analysis was used to

answer gquestion 3. Question 4 was addressed by a mathe-

matical computer analysis of the model variables.
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Data Base and Data Validity
The primary data used in the selection of the model

variables and for validation of the model was obtained from
the following sources:
1. San Antonio Air Logistics Center (SA-ALC)
2. Air Force Logistics Command Headgquarters (AFLC)
3. Newark Air Force Station, Ohio (AFLC/AGMC)
4. Air Force Acquisition Logistics Division (AFALD)
5. DCASPRO Bendix Corpcration
Spares requirement data and depot maintenance data were 'P
obtained from San Antonio Air Logistics Center (ALC) and !
DCASPRO Bendix Corporation. San Antonio is the prime ALC
responsible for all Air Force Automatic Test Equipment and

Bendix Corporation is the prime contractor for F-15 ATE.

The system manager, item manager, and contractor for ATE
supplied the necessary historical data which were ulea to
determine the variables that contribute to the majority of
operating and support cost. The contractor and depot main-
tenance actions performed provided an indication of those
variables responsible for driving the maintenance component
of the operating and support cost. Typical data gathered
from SA-ALC and Bendix were spares cost, number of failures,
mean time to repair, depot costs, ATE operating time, and
contractor costs.

The field maintenance data available at HQ AFLC
were retrieved from the USAF Maintenance Data Collection
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System commonly called 66-1 data. The data sources were
the DO56 and DO4l management infcrmation systems. Typical
field maintenance data reported by Work Unit Codes (WUC)
were the maintenance action performed, manhours to repair,
and when failure occurred. These maintenance data were
initially recorded by the maintenance technician effecting
ATE LRU repair and were documented in accordance with

AFM 66-1. Repair at the field level was charged against

a particular WUC which is a hierarchical parts identifica-
tion system which identifies every reparable or major
component in the ATE-(29:11-002).

Data pertaining to calibration intervals and cali-
bration times for ATE were obtained from Newark Air Force
Station (AFLC/AGMC), which is responsible for calibration
equipment. The manhours expended to remove or replace
equipment that was sent for calibration were charged to the
field maintenance activity and were included in the field
level data. However, the actuval time required to calibrate
each component at either the Precision Measurement Equip-
ment Laboratories at the depot or the contractor was
gathered by AFLC/AGMC.

The data pertaining to the different Logistic Sup-
port Cost models were obtained from the Air Force Acquisi-
tion Logistics Division at Wright-Patterson AFB. These
data were necessary in studying the variables presently
being utilized by the existing models and providing a
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basis for standardization of variable symbols and nomen-

clature.

Since the only sources of data for the research
were from Air Force agencies and data systems, it was
assumed that the data were accurate and valid for the
intended purposes of variable selection and validation of
the operation and support cost model. All data, once col-
lected, were classified as either nominal, ordinal,
interval, or ratio in accordance with the guidelines out-

lined by Emory (15:113-117).

Existing Model Variables
Three of the existing operating and support cost

models were studied to determine the variables being used
and their symbols and nomenclature. This was necessary to
take advantage of existing computer programs that were
modified in order to perform the mathematical analysis of
the proposed operation and support cost model.

One of the models studied was the AFLC Logistics
Support Cost (LSC) model. This model is an applied cost
analysis technique which is general purpose in content and
is not appropriate for all systems and categories. The
LSC model must be tailored for use on particular systems
and equipment (10:4). The program for this model is avail-
able on the AFLC CREATE computer system. Another model
that was studied was developed by the Operations Analysis
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Office at HQ AFLC under the name Project ABLE (Acquisition
Based on Consideration of Logistics Effects). Project ABLE
is an effort "directed towards creating tools which mea-
sure the logistics consequences of Reliability and Main-
tainability and applying them so as to make new weapon
systems better--sooner (21:1]." An actual application of
an operating and support cost model to the F-4E aircraft
program was also studied to determine actual variables used.
The model is the A-X ten-year operating and support cost
model (7:1). |

Variables Used in Actual Cost Data

A study was undertaken to determine what variables
are presently being used in computing actual operation and
support costs. The following grcupings of variables were
among those considered in the study:

1. Depot cost variables )

2. Field cost variables

3. Calibration cost variables

4. Spare cost variables
These cost areas couinonly represent the actual 0&S costs
that are currently being recorded.

The variables making up the depot cost were, for
example, cost to repair, depot pipeline spares, and depot

time to repair. These data were obtained from the ATE

system manager at SA-ALC/MMI division and DCASPRO Bendix
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Corporation. The field cost variables con;isted of on and
off equipment maintenance done on the ATE. This included
such maintenance actions as: time spent on adjustments of
the ATE, removal or replacement of components, and actual
troubleshooting time. The calibration cost data were
obtained from AFLC/AGMC at Newark AFS, Ohio. These data
pertained to: calibration intervals, éalibration times,
and cost of calibration. The last area of cost considered

was the amount and cost of spares necessary to support a

particular piece of ATE.

Selection of Variables

The determination of variables for the operating

and support cost model was made by comparing the vari-

ables presently bein§ used on other operating and support

cost models and the variables which are actually con-
tributing to 0&S costs of Automatic Test Equipment.

The first step in the comparison was to list all
variables found in existing O0&S cost models and variables
observed in actual data. Once listed, an attempt was made
to match each variable, one for one, between the existing
models and actual data. 1If a direct match was possible the
variable was tentatively included in the model. When a
direct match was not possible, as was the case when the
existing model contained variables not found in existing

data or vice versa, an evaluation based on the strength of
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the variable was made to judge whether it should be
included. Only those variables which collectively con-
tributed approximately 80 percent to the actual operating
and support cost were considered for inclusion in the ATE
operating and support cost model. This decision was based
on the value volume concept originally observed by the
Italian economist, Pareto, who based his findings on the
fact that a few items usually account for the majority of

the value of a system (28:159).

Relationships of Variables

The categories of variables for the proposed model
were found %o be similar to those found in existing 0&S
models. Examples of variable categories are off-equipment
maintenance, on-equipment maintenance, and spares require-
ments. A more complete list of categories is found on
page 26 in the list of factors considered in the model.
The categories of variables was determined through examina-
tion and personal judgment. The relationships among the
va:i@bles were determined by personal experience, dimen-
sional analysis, and in some cases, adaption of dimensional
analysis.

Dimensional analysis is a method of specifying the
form of the functional relationship between a number of

variables if and when we know that just one relationship

must necessarily tie these variables together (12:4-5).
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For the purpose of the development of a mathe-
matical model that predicts the 0&S costs for ATE, dimen-
sional analysis technique was applied in finding the func-
tional relationships between the selected variables.
Dimensional analysis enabled us to find the variables that
must enter the relationship in certain definite combina-
tins. In our model, where dimensional analysis was used
variables selected were grouped in categories representing
partial 0&S costs; then, dimensional analysis was applied
to this category. For example, if C3 is a category repre-
senting off-equipment maintenance cost, the dimensional
analysis technigque would allow us to find C3 as a function
of several variables such as manhours (xl), operating time
(le. and cost per manhour (xz). Thus, Cy = f(xl,xz....xn).
where Xy+/Xyre. X, represent the selected variables that go
into the functional group or category. Further, the dimen-
sional analysis technique would help to determine the xi
that best dimensionally combine to yield the C3 value. The
relationship between these variables was also determined
with this technique; i.e., the relationship that maps the

independent variables into the dependent variable.

Sensitivity Analysis
Once the ATE operation and support cost model was

developed, the final task was to insure that all the
important independent variables were included in the model
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while at the same time, insuring simplicity of the model.
A computer program was developed to calculate the changes
in the dependent variable when each independent variable
value was changed through an entire range cf values. The
ranges of the independent variable values were established
by inspection and by consulting experts. A computer run
was performed for each of the independent variables.

The purpose of this sensitivity test was to deter-

mine the relative driving effect of each of the independent

variables. This analysis allowed us to decide whether a
variable should stay in the model or whether it should be
dropped from the model.




CHAPTER 1V

MODEL DEVELOPMENT

As stated earlier in Chapter I, the objective of
this research was to develop a model to estimate and mea-
sure 0&S costs for avionics ATE which could be useful in
LCC techniques applied to ATE support equipment programs.
More specifically, the model was developed with the intent
that it be used primarily as an aid in source selection and
as a means of defining incentive goals and other contract
guarantees. Thus, the accounting type model appeared most
appropriate for these purposes and model development was
aimed at producing this class of model. The model was not
intended as a means of predicting operating and support
costs based on design parameters (e.g., range, weight,
thrust, etc.), nor was it envisioned as a means of esti-
mating total life cycle costs. Estimating total life cycle
costs would require a model which incorporated all elements
of life cycle cost. As stated earlier, this model develop-
ment effort considered only high cost drivers and omitted
ATE software costs due to data unavailability.

Data availability is, of course, a primary con-
sideration in model development and use. The model

described in this thesis contains variables whose values can
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be determined by the analysis of data available through
various government and contractor sources. However, in the
early stages of weapon system acquisition--prior to selec-
tion of a full scale development (FSD) contractor--many
of the estimates required to be made of variables in the
model can only be made with a reasonable degree of accuracy
by the competing contractors. Thus, the model should be
provided to the contractors and employed by them initially
to set target logistics support costs (TLSCs). The govern-
ment would then use the model subsequent to FSD to determine
measured logistics support costs (MLSCs). This comparative
characteristic of model use eliminates the necessity for
the model to contain all elements of life cycle cost.

With these thoughts iq mind, the remainder of this

chapter describes the way in which the model was developed.

Steps in Model Development
A model was developed using the following cate-

gories (previously defined in Chapter II):
C1 = cost of TRU spares
C2 = on-equipment maintenance cost
C3 = off-equipment maintenance cost
C4 = inventory management cost
c5 = cost of support equipment
C6 = cost of personnel training
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C, = cost of management and technical data

Cg = cost of calibration
For development of this model it was assumed that the con-
tractor would be given the weapon system First Line Unit
(FLU) testing requirements and that no TRU would be
repaired at field level. The steps that were followed in
the development of the model were: identification of the
variables, grouping of the variables into the dif ferent
categories and determining their relationships to obtain
the category equation, and finally combining all of the
categories to obtain the overall 0&S cost model for auto-
matic test equipment. The AFLC Logistics Support Cost
Model was used as a guide in development of this model
(10).

Identification of Variables

The identification of variables consisted of list-
ing all the variables obtained from actual cata, i.e.,
depot, field, PMEL, and comparing them to the variables
used in other models. Variables that were found in actual
data and were used in other models were selected as candi-
dates for the proposed operation and support cost model.
A matrix, shown in Appendix B, was developed to show this

comparison. The explanation of each of the variables is

presented in Appendix C. A direct match between all of the

variables from actual data and from other models was not
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possible in all cases. A list of these variables and the
justification for including thcm\in ATE 0&S models is as

follows: \

1. POH--monthly peak operi;ing hours are important

in determining the cost of TRU lparés during a surge condi-
tion. Peak operating hours depend on the efficiency with
which the contractor's equipment can meet surge weapon
system testing regquirements.

2. TARGAVAL--the target availability of the ATE
would be furnished by the government and would be neces-
sary to determine the appropriate number of spare TRUs
that would minimize cost.

3. BCA/DCA--although the data for the total cost
of additional items of common base (BCA) and depot (DCA)
support equipment was not readily available, such data
could be required of the contractor on new procurements.
Depending on the type of ATE, this cost could be rather
substantial.

4. DPA--the cost of the depot peculiar shop
equipment could also be substantial and, although the data
was not readily available, it could be part of the data
furnished by the contractor on a new procurement.

5. DCOND--the actual data for the fraction of TRUs
returned to the depot for repair expected to result in con-
demnation at the depot was not available from any of the
present sources. However, the condemnation rate for some
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TRUs could be very high and would have a great effect on
the cost of TRU spares. The data for this variable there- |
fore has to be obtained. !

6. RIP--the data for the fraction of failures that |
can be repaired in place could not be obtained from actual

data. This variable should be kept in the ATE 0&S model as

it contributes to the on and off equipment maintenance and
can have an impact on the maintenance concept employed.
The data could be required from the contractor on a new
procurement.

7. Calibration Variables--the cost of ATE calibra-

tion was not found to be included in any available model.
However, available data at both the field and AGMC level
indicated that calibration costs represented a major cost
input in the operation of ATE. An example of the importance
of calibration was found in the dedication of unique cali-
bration to support of F-15 ATE. A list of calibration

variables considered is contained in Table 8, page 76.

Relationship of Variables
by Category

In the development of the relationship of vari-

ables by category, two technigues were used. One was the

modification of existing equations found in other cost

models and the other was by using dimensional analysis.

Equations Cl, Cyer Cyr Cy Cs. Cs. and C, were derived by

modifying existing equations from the AFLC Logistics
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Support Cost Model (10). Dimensional analysis was used to

derive equation Cg. %

Cost of TRU Spares (CIL. This equation, shown in

Table 1, is used to calculate the cost of spares required
to support the ATE over the life of the system. Spares
are required to fill the depot repair pipeline, to replace
condemned items, and to fill the base supply pipeline.

The spares necessary to fill the depot repair pipe-

line are computed as follows:

n ‘

(POH)(QPAi)(I-RFE})(I-DCONDi)(DRCT) Uci i

i=]1 MTB?i !

i

(POH) (QPA ) f

wheze ——ETEF———i- is the number of monthly failures for the ]

i §

i*" TRU, (1-RIP,) is the fraction of TRUs that cannot be §
repaired in place, (I-DCONDi) is the fraction of items which

are not condemned, DRCT is the depot repair cycle time and

h

UCi is the unit cost for the it TRU.

The cost of spares necessary to replace the TRUs

that will be condemned is as follows:

n
r (TOB)(QPAi)(l RIPLE(DCONDi) o ‘
i=]1 mri i

(TOH) (QPA ) th

where i’ is the number of failures for the i

i
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TRU over the life of the system and DCOND1 is the fraction
of items that are condemned.
The base supply pipeline spares requirement cost
is as follows:
N

M iil(STKl) UCi

where M is the number of bases, UC; is the unit cost for the
1th TRU, and 3131 is the nuhbcr of spares required at the
base to fill the demand of failed TRUs.

It is generally assumed that the mean demand for
Spares at the base follows a poisson probability distribu-
tion (10:3-2). In order to determine STK it is necessary to
first determine the lead time demand. The mean demand

rate is:

(POH) (QPA, ) (1-RIP,)
Ay = (M) (MTBF ) R

and the pipeline time, t is the weighted average of order
and shipping time (OST).

The demand for spares over the lead time would
be Aiti' The probability of X demand during time t, would
be

P = (xlkitil
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The expected number of backorders (xaoi) for increasing

values of stock levels (STKi) is:

n
XBO, = L (X-sTk,) P (x|X t,)
i=1
The probability Avi of a spare TRU being available when

demanded is then calculated as follows (10:3-2):

QPA,

a2 Y [1 " (QPA,) (UEBASE) ]

This value of AV, is calculated for different values of STK,
and an index is generated which gives the difference of the
different stock levels divided by its unit cost. This shows
the increase in availability as a result of the increase in
stock levels as a function of cost. The probability AV of
any spare for the system being available when demanded would
be
n

AV = 121”1 = AV, - AV, -AV, ... AV _, - AV_
This assumes that each TRU is necessary to keep the auto-
matic test equipment operational.

A target (TARGAVAL) for system spare availability
is established and the calculated AV has to be equal to or
greater than the TARGAVAL. When AV > TARGAVAL the spares

availability criteria has been met at the least cost. An
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example to illustrate the above concept will follow.
Assuming a system with only one TRU, the spare requirements

data as computed by the model would be:

XBO AV  STK DPIPE TOTAL COND
18 9129 ‘1 21 7

System AV = ,913

WuC

DHDHEAN(Xi)
FAAAO

.67

where DPIPE is the number of spares required for the depot
pipeline and TCOND is the number of units condemned.

The target system availability was .9. Note that
the system availability is the same as the TRU AV since

there is only one TRU. The model was examined again using

two TRUs with the following results:

WUC DHDHBAN(Xi) XBO AV  STK DPIPE TOTAL COND
FAAAO .67 .18 .9129 1 21 7
FAABO .02 .02 .9904 0O 1 1

System AV = ,904

Note that system AV = Avl x sz.

The model was again exercised using three TRUs. The results

were:

WucC DHDH!AN(Xi) XBO AV STK DPIPE TOTAL COND
FAAAO .67 .04 .9821 2 21 7
FAABO .02 .02 .9904 0O 1 1
FAACO .44 .01 .99%944 2 13 10

System AV = Avl X AV, x AV3 = ,967
Target Availability was = .9
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Note that in order to meet the target availability, FAAAO
availability and STK level were increased. The STK level
of TRU FAAAO was increased to 2 and this resulted in its
availability AV increasing to .9821. The reason the STK
for FAAAO was increased rather than FAABO or FAACO was
that it was more economical to increase the availability
of this component in order to meet the target availability
criteria. Having established the required STKs for N
number of TRUs to meet the system availability requirement

the cost can be found by

where M is the number of bases and UCi is the unit cost

for the ith TRU. The cost for all TRU spares would then be
N
M [ STK,(UC,)

N

+ iil(POR)(QPA£1(1-RIP13(1-DCONDL}(DRCT) °°1

HTBFi

N

& 3 (TOB)(QPAil(l RIPLB(DCOND&l UCi

i=1 HTBPi
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On-Equipment Maintenance Costs (C,). The on-

equipment maintenance cost equation Cz, as shown in Table 2,
pertains to the cost of all maintenance, both corrective

and preventive, that is performed on the ATE without removal
of any equipment.

The term,

(TOH)(QPAi)

HTB?i

refers to the number of failures of like items over the

life of the ATE (TOH). The manhours expended per failure
at base level consist of preparation and access manhours
(PAMH) , manhours to repair a failure in place (RIP) (IMH),
and manhours to remove and replace a TRU sent to the depot
for repair (1-RIP) (RMH); RIP being the fraction of TRUs
which can be repaired in place. Therefore, the corrective
maintenance costs for one TRU using a base labor rate of

BLR is:

(TOR)(QPAi)

= -—m-“—1— [PAHH1+RIP

; (IMH,)
- (1-Rxpip(m~m1)1 (BLR) « 3

The corrective maintenance costs for (n) number of TRUs is
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% (TOH) (GPA.)

= [
{=1 -——iTEFI—L— (PAH31+RIPt(IHHx)

- ql-RIPi)(RHBl)] (BLR)

The next element to be addressed is the cost of
preventive maintenance which is,

a2 (SMH) (BLR)

where SMI is the interval between preventive maintenance
actions, and %%% is the number of preventive maintenance
actions. SMH is the average manhours required to perform
the preventive maintenance action, and BLR is the base labor
rate. The total cost for all on-equipment maintenance would

then be

n
- ¢ (TOH) (QPA,)

{=l ———ﬁfiiz——— [PANBi+RIPi(IHHi)
+ (l-RIPL)(RHHL)] (BLR)

TOH
+ MT (SMH) (BLR)

Off-Equipment Maintenance Costs (C;). The off-
equipment maintenance cost equation is shown in Table 3.

c3 includes the maintenance manhours to repair components
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whiéh_havo been removed frowm the ATE. The term

BF

i

refers to the failed items returned to the depot for repair.
The cost to benchcheck each failed TRU is (DBCMH) (DLR)
and the cost to repair the TRU that has not been condemned

is
(1-oconoi) ((Dmx) (DLR+DHR)+(DK:1) (uci)l

whcre(l-DCONDi) is the fraction of TRUs not condemned at

the depot, DMH is the manhours to repair the TRU, (DLR+DMR)
is the cost per manhour to repair the TRU including the cost
of the base consumable material consumption rate (DMR),
expressed in dollars per hour, and (Dnci;(uci) is the cost
of stockage and repair of TRU subassemblies. The TRU
transportation cost from the bases to the depot is divided
into overseas (PSO) and CONUS (PSC) rates. The combined

transportation rate is
(PSC) (1-0S8) + (PSO) (0C),

where OS is the fraction of bases overseas. The one-way

transportation cost would be

[(PSC) (1-08) + (PSO) (0S)] (1.35“1)
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where 1.35 W, is the package weight of each TRU. The total

i
two-way transportation cost would be

2[(PsC) (1-0S) + (PSO) (0S)](1.35 Wi)

The off-equipment maintenance cost for n TRUs would

then be

- (TOH) (QPA,) (1-RIP,)
im] MTBF

[ (DBCMH ) (DLR)
i

+ (l-DCONbi) ((DMH"i) (DLR+DMR) + (Dml) (UCi)) ]

+ 2[(PSC) (1-0S) + (PSO) (0S)](1.35 “1’}

Inventory Management (C,). The inventory manage-
ment cost equation includes all factors that can be attri-

buted to new inventory life cycle costs based on the number
of spares estimated to have been required. The computer
equation and variable definitions are shown in Table 4.

The cost to enter the N TRUs and items within the TRU into

the government inventory is

N
[IMC + (PIUP)(RMC)] L (PP1+1)
i=]
where IMC is the initial management cost, (PIUP)(RMC) is

the recurring management cost over the life of the system,

and PP is the number of new consumable items within a TRU.
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T

The base supply management cost for n TRUs over the life

of the system at M number of bases is
(PIUP) (M) (SA) (N)

where SA is the annual base supply management cost per

TRU. The total cost then for inventory management is

N
[IMC+ (PIUP) (RMC)] I (PP
i=]

i+1) + (PIUP) (M) (SA) (N)

Cost of Support Eguipment (C5). The complete

equation and variable definitions for the cost of support
equipment are shown in Table 5. Egquation C5 contains those
variables which pertain to the cost of new peculiar items
necessary to support the ATE. In order to compute the sup-
port equipment cost it is first necessary to determine the
number of test equipment required. This is done using the
queueing theory equation

A

N | =

ou

number of servers

where n
A = workload arrival rate
u = service rate of one server
o = combined utilization rate of one server
For this particular application, n is the number of pieces
of support equipment which will be required to support the
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the depot workload. The depot workload arrival rate, 1A,

will be
i (POH)(QPAi)(l-RIPi)
nrsri
E where
(POH)(QPAi)
HTBFi

is the total number of failures and (I-RIPi) is the frac-
tion of failures which cannot be repaired-in-place. The
service rate, u, will be

(DAA) (1-DOWN )
lDBCHHi) + (l-DCONDi)(DHBi)l

é
| where DAA represents the manhours available per man at the
depot, (l-DONNj) is the fraction of time the jth item of
support equipment will be operational and
[DBCMH‘ i (1-DCONDi)(DMHi)l
represents the manhours to benchcheck and repair the ith
1 TRU.
g

The combined utilization rate p of the support

equipment is defined as DURj. Since
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and substituting the support equipment variables, the fol-
lowing equation is obtained.

(POH) (QPA, ) (1-RIP,)
MTBF i

-
(DURj) (DAA) (1-DOWN )
DDCMHi + !i‘DCONDi)DHHi;

Simplifying, the number of pieces of support equipment

required becomes

(Poa)(apAi)(1-319)iloacnni+41-ocounixouai)1
Tﬁﬁij»(DAAFTMTBrib(l-DowNj)

n=

The cost of each item of support equipment will be

designated CADj and the cost to maintain the support equip-

ment over the life of the ATE will be defined as

: (PIUP) (COD,) (CAD,),

3

where CODj is the annual cost to maintain the support equip-

ment (SE) expressed as a fraction of the unit cost (CAD.).

3
Therefore, the cost to procure and maintain the jth item

of SE will be
(CADj)*(PIUP)(CODj)(CADj)

or [1+(PIUP)(COD)1))(CADj)

— . e omere— mmm“

A i it ) it S
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The cost of the j‘h item cf SE for the 1‘” TRU would then be

3 (POB)(QPA;)(1-RIP£)[DBCHH¥+(1-DCONDi)(DHBill .

(DUR )(DAA)(MTBPi)(l-DOHNj)

3

(1 + (PIUP) (COD,)] (CAD

3 3!
Included in the SE cost is the cost of additional
items of common depot support equipment (DCA), cost of

additional items of peculiar depot support equipment (DPA),

cost of additional items of common base shop support equip-
ment per base (BCA), and the cost to maintain the equipment
over the life of the ATE (PIUP). It is assumed that the i
annual cost to maintain the equipment is 10 percent of this h

combined cost; therefore, the cost of the additional equip-

ment is,

oy e 07 AR IO

(DCA+DPA+M(BCA)] + 0.1 (PIUP) [DCA+DPA+M(BCA)]

where M 1s the number of bases.
If there are N number of TRUs and K number of
pieces of support equipment required per each TRU, then the

total cost of SE is

B e e

N
B (pon)(QpA;)(l-axpi)(Dacug£+(1-ncouné)(Dunill ; §
i=1 MTBF }

i
s [{(1+PIUP) (COD.) (CAD,)] |

- mrf-m—-%—— +
j-l j o WN

3
(140.1(PIUP)] [DCA+DPA+M(BCA) ]

A ———
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Cost of Personnel Training (C.). The cost of per-

sonnel training as shown in Table 6, includes those factors
which represent the total cost of training base and depot
personnel over the life of the ATE.

The first step in determining the cost of training
i1s to find the total number of personnel that would be
required to support the system over its operating life. The
total base corrective maintenance manhours expended over the
life of the ATE is the number of failures over the life of

the system

(TOB)(QPAi)
HTBFi

multiplied by the repair-in-place manhours:

[ (PAMH )#(RIPi)(IMB ) i (I-RIPi)(RHHi)]

i i

as defined in development of equation Cz, page 53. The pre-

ventive maintenance manhours would simply be:

TOH
SMI (SMH)

Therefore, for N number of TRUs, the total base maintenance
manhours are

T (TOH) (QPA,)
1_1——?;’.—1——( (PAMH, ) + (RIP ) (IMH, )+ (1-RIP) (RMH, )]

TOH
+ SMT (SMH)
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Similarly, the total depot maintenance manhours expended
over the life of the ATE are |
" (ToH) (QPA,) (1-RIP;)

x yo—— -
j=1 ﬁa—'i— [(DBCHHI)O(I DCONDi) (Dﬂni”

(Refer to derivation of equation C3.)
If PMB represents the base direct productive man-
5 hours per man per year, PMD the depot direct productive
| manhours per man per year and PIUP the operating life of

the system, then the number of personnel required annually

to maintain the ATE is
" TOH
¢ (TOH) (QPA,) ltpmin(npiy (IMH, ) +(1-RIP ) (RMH,) ]+ SMI (SMH)
i=1 mﬁ?i) (PIUP) (PMB) 7
* ’{. (TOH) (QPA,) (1-RIP,) ((Dacmin(l-ocoun‘) (DMH, ) ] ’
i=]1 (m‘ari) (PIUP) (PMD)

If TCB is the cost to train personnel at the base, TCD is i
the cost to train personnel at the depot, and TE is the
cost of training equipment, then the total personnel train-

ing cost (assuming no personnel turnover) is:

~ T (ToH) (QPA,) |
TGP (98 4o (PN )+ (RIP,) (DML, +1-RIP,) (1) 57 (900 |

n ]
+__tcp |z TOW (A, 1RIPY) ( (ppoam,+(1-DoonD, ) (ovee )1+ |
BI0P) (WD) |i=1 MIEF,
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However, as a result of personnel turnover, additional
training costs will be incurred. If the annual turnover
rate at the base is TRB and at the depot is TRD, then the
turnover over the life of the system (not including the
first year) is: (PIUP-1l) (TRB) and (PIUP-1) (TRD), respec-

tively. Thus the final expression for C6 is:

1+ (PIUP-1) (TRB) ] T (TOH) (QPA,)[ (PAMH_ )+ (RIP), (IMH, )
()T (PMB) TCB[ & e Wolhakminet - e

i=] HTBPi

+(1-RIP,) (RMH,)
Ll !SMB)]
1+ (P1UP-1) (TRD)) [‘,‘ 'TOH) (QPA, ) (1-RIP,)
Y (ep) | ¢ i 1
PIUP) (PMD : -
=17 MIBF,

[nacmx*u-ocom: JDMH )]
= i ——L + TE

Cost of Management and Technical Data (C.). The

equation for the cost of management and technical data
includes the labor costs associated with the preparation
of maintenance forms and the costs of acquiring and main-
taining necessary technical data. The complete equation
and variable definitions are shown in Table 7. Every cor-

rective maintenance action, whether on-equipment or
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off-equipment, requires completion of maintenance records.
In the case of otf-cquipment failure, supply transaction
records and transportation forms have to be completed.

If total number of failures over the life of the A!E is

(TOH) (QPA, )

ﬁfBPi

then the total manhours expended per failure is
(MRO + (1-RIP1)(SR+TR+MRF)1.

MRO represents average manhours per failure to com-
plete the on-equipment maintenance records, MRF represents
average manhours to complete the off-equipment maintenance
records, SR represents average manhours per failure to com-
plete the supply transaction records and TR represents
average manhours per failure to complete the transportation
records. The fraction of off-equipment maintenance action
is (I-RIPL). The cost for completion of the maintenance
and supply records and the transportation forms for N

number of TRUs is:

n
T (TOB)(QPA!)

{=1 HTBPi [HRO*(I-RIPi)(SR+TR+HRF))BLR

where BLR is the hase labor rate.
The preventive maintenance actions also result in

manhours expended in record keeping. The total number of
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preventive maintenance actions over the life of the system

is

and the average manhours per action to complete the on-
equipment maintenance records is MRO. If the percentage
of the preventive maintenance time associated with the
completion of maintenance and supply forms is 10 percent,
then the manhours are 0.1 (SR+TR), and the total cost for
completing forms as a result of preventive maintenance

actions is

Io8 (MRO + 0.1 (SR+TR) | BLR

The technical data cost is the cost of maintaining
the organizational and depot level technical orders. The
average cost to maintain a page of either the organiza-
tional or the depot level technical orders is TD. If the
number of pages of the organizational level technical
orders is JJ and the number of pages of the depot level
technical orders is H, then the total cost of maintaining

the technical orders is

TD (JJI+H)




The total cost of management and technical data is

then,

n
. (TOH)(QPAi)

i=1 MTBF

[HRO*(I-RIPL)(SR+TR+MRF)]BLR
i

+ g%% (MRO+0.1 (SR+TR) ]BLR + TD(JJ+H)

Calibration Reguirements Cost gCQL. This equation
was derived using dimensional analysis (12). The equation

is shown in Table 8.

For the purpose of the equation derivation calibra-
tion occurs at two levels, system level and TRU level.
Calibration cost is the sum of the costs at the two calibra-
tion levels.

The system level variables and their basic units
are as follows:

1. LIFE (days)

2. SCI (days/calibration)

3. SCMH (MH/calibration)

4. CIVLR ($/MH)

$. C (®
where: LIFE is the operational service life of the ATE in
days; SCI is the calibration interval in days per calibra-
tion; SCMH is the manhours per calibration; CIVLR is the
labor rate for calibration at Class IV calibration shop,

in dollars per manhour; and C is the cost for calibration
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TV

in dollars. LIFE and SCI take into account that calibra-
tion is a2ccomplished on a calendar-time basis.
Since there are five variables and four basic units,

there is one dimensionless Pi term, and

n, = k' = (L1FE) 2(scr) P (semn) € crvir) G (c) © (1)
or: ¢ E
b c d :
e 10 a DAYS MH S e
M, =K oaYs)® (H) &E&Sp W 9 (2)

Since the result is a dimensionless product, then,

(oays) % (can) () % ($) % = (pAYS)? (DAYS)P (caL) P
) € (can) ¢ ()¢ o ()
Then:
0=a+b for DAYS
0 = «b - ¢ for CAL
0=c-4d for MH
0=d + e for §

To solve these four equations with five unknowns, let a = 1
Then:
b=<1l;c=1; d=1]1; e = -]

Substitution in (1) yields

1 b

k! = (urre) sen) " (semm) Y crvin) Loy
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solving for C

C = K(LIFE) (SCMH) (CIVLR)/(SCI), K=1/k*

Cgy = (LIFE) (SCMH) (CIVLR)/(SCI), K=l

The TRU calibration level variables and their basic
units are as follows:
1. LIFE (days)
. A TRICY (days/calibration)
3. TRUCMH (MH/calibration)
4. CILR ($/MH)
5. CIILR ($/MH)
6. CIVLR ($/MH)
7. CARF (repair/calibration)
8. FICR (MH/repair)
9. PFIICKR (MH/repair)
10. FIVCR (MH/repair)
1155 € (s)
where: LIFE is the operational service life of the ATE in
days; TRUCI is the TRU calibration interval in days; TRUCMH
is the manhours per calibration; CILR, CIILR, and CIVLR
are the labor rates for calibration at Class I, II, and IV
calibration shop respectively, in dollars; CARF is the pro-
portion of repairs per calibration; FICR, FIICR, and FIVCR
are the manhours per repair at Class I, II and IV calibra-

tion shop respectively; and C is the cost for calibration

79




in dollars. Calibration is accomplished on a calendar-
time basis.
Since there are 11 variables and 5 basic units,

there are 6 dimensionless Pi terms, and
T = (LIFE) 2 (TRUCT) P iTRUCMH) © (c1LR) ¢ (CIILR) ® (CIVLR)
(carr) 9 (rrcr) P (rrIcRr) L (r1ver) I () ¥ (3)

or:
b (o] d
m= oars) 235 A

e £ g
s £ rep
G G G

h i - S
MH MH MH .
‘wp mes’ mep’ ¥ o

Since the result is a dimensionless product, then:

0 b

(oays) ° (car)  (mm) 0 ($) © (rep) %= ¢pays) 2 (DAYS) P (cAL) ”

d -d -£

i) € (can) ~S () oam) “d(s) € ovm) "8 ($) £ vm)

(rep) 9 (carn) "9 () P (rep) ~P ovm) £ (rER) T1

o) J (rep) "I (9 ®

Then

= a+b for DAYS
= -b-c~-g for CAL
c~-d-e~-f+h+i+ 3 for MH

=d+e+ f+k for §

o o o o o
"

=g=-h-=-1i-3 for REP
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To solve these five equations with 11 unknowns, let
h=0; i=20; j=0; e=0; £f=0; a=1
Simultaneous solution of the five equations will then yield
b= <-l; c=1,d=1; k= =-1, g=0

Substitution in (3) gives

1 1.1

1, = (uree) * (rrucr) " erroenn e o)

Solving for C
C = (LIFE) (TRUCMH) (CILR)/(TRUCI), T, = 1

1

or:

.6821 = (LIFE) (TRUCMH) (CILR)/(TRUCI) (5)
If we now let
h=0,i=0, j=0,d=0, £=0, a=1,
solution of the five equations will yield
b=<l;¢c=1;e=1; k=<=1; g=0

Substitution in (3) gives

1 1

1, = (Lre) *(rrucn) " (rrucwm) t crrne) f o)

Solving for C

C = (LIFE) (TRUCMH) (CIILR)/(TRUCI), ﬂz =1
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or:

Cgzz = (LIFE) (TRUCMH) (CIILR)/(TRUCI) (6)

If we now let

h=0; i=0; j=0/ d=0; e=0; a=]1],
solution of the five equations will yield
b=-l;c=1; £f=]l; k=«l; g=20

Substitution in (3) gives

T, = (LIFE) L irrucr) ~! (rrucr) F(crvir) Loy 7t

Solving for C

C = (LIFE) (TRUCMH) (CIVLR)/ (TRUCI), n, =1

or:

Cgp3 = (LIFE) (TRUCMH) (CIVLR)/(TRUCI) (7)

If we let

C=0; e=20; £f=0; i =0; j=0; a=1,
solution of the five equations will yield

b= <«l; g=1;ad=1; k= =1; h=]

Substitution in (3) gives

n, = (L1re) *(rruct) "1 crer) L care) L rrem H o) Y




Solving for C

C = (LIFE) (CILR) (CARF) (FICR)/(TRUCI), ﬂ‘ =1

c824 = (LIFE) (CILR) (CARF) (FICR)/(TRUCI)
If we let

C=0; d=0; £f=0; h=0; j=0; a=1,
solution of the five equations will yield

bs<l;g=1l; e=1; k= =1; i =]

Substitution in (3) gives

-1

Ty = (L1FE) L (rrucT) "L (crrnr) Y care) Yirrzer) i)

Solving for C

C = (LIFE) (CIILR) (CARF) (FIICR)/(TRUCI), M. =1

S

c825 = (LIFE) (CIILR) (CARF) (FIICR)/ (TRUCI)

If we let

C=0; d=0; e=0; h=20; i=20; a=1],

solution of the five equations will yield

b= <l; g=l; f=]l; k= <]; j=1]
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Substitution in (3) gives

T = (LIFE) * (TRUCT) ~2 (c1vLR) t (care) b (F1ver) L (o) =2

Solving for C

C = (LIFE) (CIVLR) (CARF) (FIVCR)/ (TRUCI), . =1

or:

Ca.,6 = (LIFE) (CIVLR) (CARF) (FIVCR)/ (TRUCI) (10!}
By experience we can write

c = C + C

82 821 * Cg22 * Cg23 * Cgaq * Cg25 * Cgag

Then, from (5), (6), (7), (8), (9), and (10)

c - !LIFBZ‘TRUCHHE]CILR! + (LIFE!!TRUCMH[;CIILR!
82 UCI TRUCI

+ ALIFE) (TRUCMH) (CIVLR) + ALIFE) (CILR) (CARF) (FICR)
TRUCI)

(TRUCI)

+ JLIFE) (CIILR) (CARF) (FIICR) + JLIFE) (CIVLR) (CARF) (FIVCR
TRUCI RUCI

- LIFE
Cqa ;ﬁﬁef{(rnucun)[(cxnn)+(cxxnn)+(cxvnn)l + (CARF)

[ (CILR) (FICR)+(CIILR) (FIICR) + (CIVLR)(PIVCR)]}
As stated above,

Cg = Cg: * Cp2




. [LIFE) (SOM) (CIVIR) , LIFE
" o - 2R {(mmucnamcmmﬂcrvwl +

(CARF) [ (CILR) (FICR) +(CIIR) (FIICR)+(CIVLR) (FIVCR) l}

Then above equation C8 holds for one system and one TRU. If

we take into account all systems within the ATE and all
within the systems, the C8 would be

NYS (urre) (som,) cviR) Y prve
xS = + b et

i=1 ISCIi) =1 b)

{('mmlj) (CILR) +(CIIIR) + (CIVLR) ] +

(CARF) [ (CILR) (FICR)+ (CIILR) (FIICR)+(CIVLR) (FTVCR) l}

where NSYS is the number of systems within an ATE and L is
the total number of TRUs for all systems.
If the TRUs are aggregated by system, then

NSYS NTRU
(LIFE) (SMH,) (CIVLR) LIFE
- i >
“ i=] &) * gu (TRCT )

i3

{Mij)( (CILR) + (CIILR) +CIVLR) ] +

(CARFY (CILR) (FICR)+ (CIILR) (FIICR)+(CIVLR) (mcml}

where NTRU is the number of TRUs within a system.
If we consider that the system might have identical
TRUs and QPA represents the number of identical TRUs within

the system, and N represents the number of different TRUs

within the system,
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c = oy LIFE) (S CiR) Y (LIFE) (opa, )

(
£
L | T * w1 _&Eﬁ—fi e

3

{(mnnij) (CILR+CITLR{CIVIR) +

CARF( (CILR) (FICR)+ (CIILR) (FIICR) + (CIVLR) (FIVCR)) }}

LIFE = 365 PIUP

o » '“;‘s{assmnm (1) (CIVIR) 'L 365 (PIUP) (QPA
i=1

)
i
&I * jm1 mxijTJ'

{nmnij) (CILR\CITLR\CIVIR) +

CARF [ (CILR) (FICR)+ (CIILR) (FTICR)+ (CIVLR) (rmn}}

If a TRU goes for calibration to a particular calibration

level only, then,

NSYS 365 (p1IUP) (SMH,) (CIVLR) N 365(PIUP) (QPA, )

LR ) T T

ij \

{ (TRUQM1, ) (CT) (CTLR) + (CIT) (CITIR) +

(CT/) (CIVLR) ] + (CARF)) [ (CI) (CILR) (FICR) +

(CII) (CITIR) (FIICR) + (V) (CTVER) (FTvCR) 1}

where CI, CII, and CIV can be 0 or 1.




Summary
This chapter has provided an explanation of how the

0&S Cost Model for ATE (OSCATE) was developed. Basically,

the model is an adaptation of the AFLC Logistics Support

Cost (LSC) model, with special provisione for ATE, and an
additional equation representing ATE calibration costs.
This latter equation was developed using dimensional
analysis.

OSCATE has been programmed to run on the AFLC
CREATE computer system. Chapter V discusses various sensi-
tivity analyses that were accomplished using the OSCATE

program. A copy of the program is contained in Appendix D.




b CHAPTER V

ANALYSIS OF THE MODEL

e

Any model is valid only for a specific purpose and
only within a certain set of parameters. This chapter con-
tains a summary of the sensitivity analysis that was per-
formed in order to establish guidelines for the model's

potential future application.

Computer Model

In order to perform sensitivity analysis on the pro-
posed Operation gnd Support Cost Model for Automatic Test
Equipment (QSCATE): a computer éroqram was developed by
modifying applicable portions of the AFALD/XRSC Logistics
Support Cost Model Version 1.1 (10) and by adding program-
ming which was unique to ATE. A listing of the program is
contained in Appendix D. A representative data base, shown
in Appendix E, was created using the F-15 Avionics Inter-
mediate Shop (AIS) depot and b~rse maintenance information
as a guide. The data for some of the variables were not
immediately available and values assigned to these vari-
ables were based on estimates obtained from discussions
with field and depot personnel (3; 4; 11; 16; 18; 22). Con-
sequently, the results obtained by exercising the model

using this data should not be construed as the actual

v . -




operating and support cost of the F-15 AIS Automatic Test

Equipment. However, the data did provide the means to

test the sensitivity of the model to changes in different

variables.

Qutput from the Model

In order to facilitate analysis, the output from
the computer model contains several different cos* compon-
ents of 0&S costs. These components include the following:

1. Total logistics support cost; i.e., |

(C1 + c2 + c3 - c‘ + cs + c6 + C7 + CB).

2. Total logistics support cost broken out by
specific category:; i.e.,

(Cl, Cz. C3. C‘, CS’ CG' C7. or Ca).

3. Cost breakcut of a specific system by category.

4. Cos% ranking of TRUs for a particular system.

5. Cost breakout by category for a particular TRU.

6. Analysis of types and quantities of support
equipment required.

7. TRU spares analysis to include the system
availability, TRU availability and quantities, and expected
backorders (XBO).

8. Maintenance generation analysis which includes
the maintenance actions generated during peak operating
hours (POH) and during the total operating hours (TOH) of

the system.
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9. A cross-reference of the TRU work unit code and
the noun identification,

A sample output of OSCATE is contained in Appendix F.

Sensitivity Analxsis

The variables that were selected for sensitivity
analysis were those which, in the opinion of the authors,
the contractor has some degree of control over during design
of the ATE. By using the proposed model to analyze the
variables to which Logistic Support Cost (LSC) is most
sensitive, a contractor could improve equipment LSC through
appropriate design changes.

Many of the trade-off analyses possible using OSCATE
are suggested by the sensitivity analysis accomplished dur-
ing this research effort. The fcllowing areas were
addressed in this analysis: (1) reliability (MTBF), (2) main-
tainability (maintenance manhours), (3) repair concept (con-
Jemnation rate and repair in place percentage), and (4)
availability. The remainder of this chapter discusses

results of the sensitivity analysis in these areas.

Mean Time Between Failure (MTBF)

The first variable that was analyzed was MTBF. The
MTBF of each TRU was varied from 100 percent to 500 percent
of its baseline MTBF. For example, if the baseline MTBF
for a particular TRU was 1000 hours, its value at 200 per-

cent was 2000 hours and at 300 percent its MTBF was
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3000 hours. This change in TRU MTBF resulted in the total
logistics support cost ranging from $15.93 million to $5.4
million. A graph, Figure 2, of total logistic support cost
versus MTBF shows the relationship over the entire rance of
values. As one might expect, the tctal logistics support
cost decreases as the MTBF is increased; this is assuming
the TRU unit cost remains constant. However, such an
assumption is unrealistic. The TRU unit cost can be
expected to increase as actions are takcen to increase system
reliability and, in turn, MTBF. The relationship between
TRU unit cost and MTBF can be expressed as follows
(20:421) :

TRU Unit Cost = c(MTBF)?2

where the values of ¢ and a can be derived using historical
data for like systems. Using this expression for the rela-
tionship between unit cost and MTBF, the designer can effect
tradeoffs in his design regarding miniaum total logistics
support costs. A theoretical tradeoff analysis is shown in
Figure 3, where the total logistics support cost decreases
as the MTBF is increased and the total logistics support

cost increases as the corresponding TRU unit cost increases.

The combination of these two cost curves will result in the

total cost curve shown by the dotted line. The optimum
values for MTBF and unit cost can;?e obtained from that

point on the curve where the slope is zero.

Py
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Repair in Place (RIP)
The next variable analyzed was RIP. This variable

was chosen because the contractor has some latitude in the
selection of compcnents which can be repaired without
removing the failed TRU. The RIP variable was varied from
0.1 to 0.65. A graph of total logistics support cost versus
RIP is shown in Figure 4. It can be seen from the graph

that as RIP was increased the total logistics support cost
decreased. If RIP was increased it would be expected to
cause an increase in on-equipment maintenance costs, a
decrease in the off-equipment maintenance costs, and a
decrease in TRU spares requirement. Thia result would be
based on the assumption that a constant TRU MTBF was main-
tained as the fraction of in-place maintenance actions
increased. Realistically, the higher the RIP value is, the
lower the MTBF. Consequently, the designer will have to
make a tradeoff between increasing his maintainability or
decreasing his reliability in order to minimize total logis-
tics support cost.. Other considerations must enter into this
decision, such as the skill level of the technicians perform-
ing the maintenance, and the possible addition of extra base

support equipment to facilitate the RIP maintenance actions.
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The variables which affect on-equipment maintenance,
PAMH, IMH, and RMH, were varied to evaluate the sensitivity
of total logistics support cost to them. The degree of
maintainability at field level was shown to affect the total
logistics support cost. As can be seen from the graph,
Figure 5, of total logistics support cost versus PAMH, IMH,
and RMH, a decrease in the degree of maintainability (higher
manhours for PAMH, IMH, and RMH) increased the total logis-
tics support cost. This output was based on the assumption
that only 10 percent of all failures (RIP=.1) can be repaired
in place. The increase in total logistics support cost was
due to the increase in on-equipment maintenance costs.
Based on the results of the sensitivity analysis with
OSCATE, logistics support costs are not particularly sensi-
tive to changes in maintainability. Also, since any
increase in maintainability would probably result in higher
gystem acquisition cost, this does not appear to be a fruit-

ful area for the designer tc pursue.

TRU Ccndemnation Rate (DCOND)

Another variable that the designer has some control
over is the TRU condemnation rate (DCOND). The DCOND for

the TRU depends on the component selection philosophy.

DCOND was first varied from .05 to .8. Figure 6 shows the
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graph of total logistics support cost versus DCOND rate,

It can be seen that as DCOND increases, TLSC decreases.

The effect of DCOND on the total logistics support cost,
however, is also dependent on the unit cost of the TRU.

As the unit cost of the condemned TRU increases, the
logistics support cost increases correspondingly. In fact,
when all the individual TRU costs were increased ten-fold,
the total logistics support cost increases as DCOND
increases (see Figure 6). The designer must be aware of
this interrelationship in making design tradeoffs concern-

ing repair or discard decisions.

Base Level Spares Availabilit
Obiective TTARGAVAL)

Although the designer does not have control over
this variable, since it is the base level spares availabil-
ity objective required by the government, he does have con-
trol over the ultimate unit acquisition cost. the TARGAVAL
was varied from .75 to .99 and as a result, the logistics
support cost varied from $15.71 million to $16.40 million
(see Figure 7). This increase in the logistics support
cost results from the additional spares required to meet the
TARGAVAL. It should be emphasized that TARGAVAL affects
only base level spares requirements. The reason the change
in logistics support cost seems insignificant to changes
in TARGAVAL is that the base stock level requirements are
small compared to the number of spares required to fill the
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depot pipeline. TARGAVAL was again varied, but this time

the TRU unit cost was increased by 100 percent. Logistics
support cost increased significantly but the change in
logistics support cost to changes in TARGAVAL were not sig-
nificant. Since the LSC model is not very sensitive to
changes in TARGAVAL, the government decision-maker does not
have much flexibility in making tradeoff stulies between

the base spares availability objective and logistics support

costs.

Summary
As stated earlier in this chapter, a model is only

valid for a specific purpose and only within a certain set
of parameters. Sensitivity analysis was conducted using
OSCATE to determine the purpose and parameters of the model.
The variables that were used in this analysis included
MTBF, RIP, PAMH/IMH/RMH, DCOND, and TARGAVAL. The effect
of changes in each of these variables on the total logis-
tics support cost was observed.

The changes that were made to MTBF had the great-
est effect on total logistics support cost in the lower
ranges of MTBF. The total logistics support cost follcwed
an exponential curve in response to changes in MIBF. The
changes in logistics support cost as the result of changes
in RIP indicated a linear relationship of decreasing LSC

to increasing values of RIP. However, it was pointed ownt
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that careful consideration should be given to other factors
when conducting tradeoff studies using RIP. Increases in
in-place maintenance manhours (PAMH, IMH, and RMH) resulted
in a linear increase in the total logistics support cost.
As the DCOND rate increased the total logistics support
cost decreased. However, this relationship is dependent
upon the unit cost of the TRUs. Variations in TARGAVAL
resulted in a negative linear relaticnship with total logis-
tics support cost at the lower values of TARGAVAL and
exhioited an exponential relationship as the value of
TARGAVAL approached 1.

It should be noted that the results obtained are

dependent upon the structure of OSCATE, the assumptions

that were made in exercising the model, and on the accuracy
of the data base used. The final chapter of this thesis
will discuss potential model use, model limitations, and

recommend areas for further study.




CHAPTER VI

* CONCLUSIONS AND RECOMMENDATIONS

The Operation and Support Cost Model for Automatic
k Test Equipment (OSCATE) developed as a result of this study
has the potential for being a valuable tool in ATE acquisi-
3 tion. However, the model must first be validated. After
validation, potential model users must be instructed on

when, where, and how to use the model, considering model ‘

i

: assumptions and limitations. These issues will be discussed

in this chapter, which will end with recommendations for

further research in the area of Life Cycle Cost (LCC)

1 models for ATE.

f Potentia. Model Uses

The OSCATE model developed in this research effort
can be used to estimate and measure operation and support
costs for ATE. Since ATE is the major cost item within
support equipment and operation and support costs make up

60 percent or more of Life Cycle Cost, OSCATE can be an

important addition to LCC technigues applied to ATE. For
example, it can serve as a useful tool in evaluating ATE

operation and support costs during source selection of ATE

contractors.




OSCATE can also be used tu aid in award fee deter-
mination or establish criteria for penalty clauses, when
the model is used in ccnjunction with the Logistics Support
Cost Commitments discussed in Chapter II. Additionally,
OSCATE can be used for evaluation of engineering change
proposals, where G&S cost changes are a consideration
in ECP approval.

Other areas where OSCATE may prove useful include
the investigation of tradeoffs concerning technician
training, the evaluation of repair-discard options, and the
determination of optimum balances between preventive, :

remedial, and on-condition maintenance.

Model Limitations

The OSCATE model, not unlike other accounting models,
has limitations the potential user must be aware of.
OSCATE does not necessarily project the actual increment
of LSC that results from introducing the proposed ATE into
the Air Force inventory. It is only a representative figure
for real costs of logistics support. The model only gives
a summary of the cost impacts of projected demands for
support resources, but will not address the interdependence
of those resources. The user should understand that the
model is not meant to be a substitute for comprehensive

support planning.
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* When using this model, the risk considerations con-
cerning estimation and verificatiocn of TLSCs and MLSCs,
respectively, mentioned in Chapter III, should be under-
stood. In order to reduce the statistical risk involved
during verification, the number of parameters to be veri-
fied can be reduced or the parameters from an aggregate
number of TRUs can be verified instead of treating indi-

vidual TRUs.

Other Considerations in Model Use

One of the prime considerations when using this
model in the acquisition process is the problem associated
with the government obtaining variable data for use in the
OSCATE model. Therefore, it is recommended that the OSCATE
model be provided to the prospective contractors as part of
the Request for Proposal. The contractor should be
required by the Statement of Work (SOW) or Work Specifica-
tion to use OSCATE to obtain operation and support cost
estimates which would become contractually binding should
the contractor be selected as the full-scale development
contractor.

Other considerations when using the OSCATE model
are availability of data needed to exercise the model, user
understanding and acceptance of the model, and knowledge

of the model assumptions.
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Availability of Data

Plans should be made as early as possible to obtain
data necessary to establish values for all the variables
which will be used when exercising the model. One of the

main problems encountered during the development of OSCATE

was the availability of data. The data used to exercise

the model was primarily field data obtained from the DOS6
Product Performance Collection System. This data, part

of the Maintenance Data Collection System (AFM 66-1), was
not readily available in a useable form. A significant
amount of time and effort was required to extract and com-
bine data from several computer output products. In addi-
tion, several data items such as the total operating hours
of the equipment, the condemnation rate, and the fraction
of repair in place maintenance actions were not available
because they are not normally included items in th2 Main-
tenance Data Collection System. Another aspect of data
limitation was the problem of maintaining control by func-
tional rather than systemic areas.

The field data which was obtained was primarily
broken out in accordance with the weapon system ATE Work
Unit Code Manual (29). One notable exception to this was
in the area of calibration requirements. The work unit
codes assigned to TRUs requiring calibration were different
than those listed in the weapon system ATE manual. Further-
more, if the calibrated TRU is used on several other
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systems, it is virtually impossible to discern the calibra-
tion actions attributable to each specific system.

This same type of problem occurs under the DO56
system where an item of a particular stock class is sent to
the depot for repair or calibration. When the repair or
calibration is completed, the action is charged against
that particular stock class and not against the Automatic
Test Equipment. By collecting data functionaily rather than
by system, valuable information is obscured if not totally

lost.

User Understanding and
Acceptance of the Model

First and foremost the potential user of OSCATE

should be acquainted with the purpose for which the model
was developed. OSCATE is intended as a tool in the Life
Cycle Cost (LCC) technique which has as its ultimate goal
the design, development, and acquisition of systems--in this
case ATE--with lower life cycle costs. In addition, the
user of this model should be familiar with variables
involved, the sensitivity of the model, and the values of
parameters that are furnished to a contractor. ‘The values
of parameters like TARGAVAL furnished to a contractor should
be responsible, meaningful, and attainable.

It is not enough for a contractor to use this model
for estimating 0&S costs of his equipment if provisions

have not been made to verify this estimate. Therefcie, it
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it is important that an evaluation plan be established

which the contractors understand, is acceptable to both
parties and which can be verified. The contractor, also as
& user of the OSCATE, has to have complete knowledge of how

his results are to be evaluated.

Model Assumptions
The assumptions which were made in development of

this model should not be taken lightly. Neglecting these
assumptions can lead to misinterpretation of the model output
and could lead to problems or disagreements between the
government and the contractor. Both parties should be
aware of the assumptions since they form the basis for some
of the most critical computations. Such is the case of the
assumptions which were made (reference Chapter IV) in cal-
culating the TRU spares requirements. Other assumptions
regarding (1) variables such as the Peak Operating Hours
(POK}, (2) the maintenance technician gquantities and skills,
and (3) the maintenance concept., have to be considered when

OSCATE is to be employed.

Recommendations for Further Study
During the development of the model several topics

were considered for research which were outside the scope
of this thesis, but warrant further investigation. Emphasis

should be placed upon these areas when conducting future

research. Thase areas are:




1. Model validation

2. Development of Equation C9 for software

3. Test assumptions regarding availability of ATE
4. Establishment of an information system to

provide data for the model.

Model Validation

Now that OSCATE has been developed, the task of
validation remains to be performed. The purpose of valida-
tion is to test how well the model represents the real world.
This test is necessary to determine if any modifications
and/or adjustments need to be made to the model and to
provide some level of confidence in OSCATE estimates.

It is suggested that future researchers choose an
existing weapon system using ATE and apply OSCATE to his-
torical data obtained on that system. Predicted costs from
the model should be compared to actual costs established
from the data. In addition to the sources of data cited
in this research, it is suggested that more complete data
be obtained from the operational bases, contractor, and
applicable depots.

Additionally, OSCATE can be further validated by
comparing its output with that of parallel modeling efforts

conducted in the civilian sector.
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Develo nt of Equation c9
for Sostware

An equation for determining the cos% of software

used in support of ATE should be developed. OSCATE in its

present form does not address the cost of ATE software due
to the limited availability of data in this area. Indica-
tions are, however, that software costs are large and will
increase as ATE becomes more sophisticated.

One possible approach would be to contact several

contractors engaged in software development to gain insight
into how they estimate software costs. Additionally, the
Computer Research Branches at the ALCs could be considered
as possible sources of expertise. Data concerning actual
software costs could be obtained from contractors, the

support equipment SPO, and specific weapon system SPOs.

Test of Ass tion Regardin
vailability of ATE

Presently, in the calculation of the TRU spares

>»

requirements, the assumption is that any failed TRU will
render the ATE inoperable. This is a simplifying assumption
that is valid only when ATE is required to be 100 percent
operational. If the ATE could be considered functional at
operational levels less than 100 percent, it would be
desirable to develop the capability in OSCATE to identify
and prioritize those TRUs that are most critical. With this

capability ATE managers could then give special attention to
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critical TRUs in order to prevent unacceptable levels

of operability.
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APPENDIX A

BASIC LSC MODEL FRAMEWORK




The following is an outline of a basic LSC frame-
(6:1):
Cost of initial spare items
(Cost of base repair pipeline spares) +

(Cost of depot repair pipeline spares)

(M) (STX) (vc) + EEEH)(UF) (QPA) L1-RIP) (NRTS) (pper) (uc)

Cost of on-equipment maintenance
(total mean number of failures) x (average on-egquipment

repairs cost per failure)

(TFFH) (UF) (QPA ][ » ]
[—QM—B,J,Q—L (PAMH) + (RIP) (IMH)+(1-RIP) (RHM)| (BLR)

Cost of off-equipment maintenance
(total mean number of off-equipment repairs) x

(average cost per off-equipment repair)

[(TFI-‘H UF) (QPA) (1-RIP
MTBF

][(RTS)(BHH)(BLR+BHR) + (NRTS)

(DHH)(DLR*DHR&

where:
BLR is the base labor rate ($/manhour):

BMH is the average number of manhours to perform inter-
mediate level maintenance on a removed item;

is the depot level rate;




DMH

DMR
DRCT
IMH

MTBF
NRTS

PFFH

QPA

RIP

TFFH

ucC

UF

1s the average number of manhours to perform depot
level maintenance on a removed item;

is the depot consummable material consumption rate;
is the average depot repair cycle time in months;

is the average number of manhours to perform cor-
rective maintenance of the item in place or on line;

is the number of operating locations;
is the mean time between failures in operating hours;

is the fraction of removed items expected to be
returned to depot for repair;

is the peak force flying hours; the expected total
fleet flying hours for one month during the peak
usage period;

is the quantity of like items within the parent
system;

is the fraction of item failures which can be
repaired in place or on line;

is the average number of nanhours to isolate a fault,
remove and replace the item, and verify restoration
of the system to operational status;

is the fraction of removed items expected to be
repaired at the base;

is the stock level of the item at each base;

is the expected total force flying hours over the
program inventory usage period;

is the negotiated unit cost of a spare item as of
the end of the verification test; and

is the ratio of operating hours to flying hours for
the item.

BLR, BMR, DLR, DMR, DRCT, M, PFFH, and TFFH parameters are

supplied by the government. BMH, DMH, IMH, MTBF, NRTS,
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PAMH, QPA, RIP, RMH, RTS, UC and UF parameters are supplied
by the contractor. The rest of the parameters are computed

by the model.
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APPENDIX B
VARIABLE MATRIX
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APPENDIX C
VARIABLE DEFINITIONS




ATE System Variables*

The fracticn of units to be calibrated that
require repair. (C)

Initial management cost to introduce a new line
item of supply (ASSEMBLY or piece part) into the
Air Force inventory. (S=$166.25/item) (AFLCR
173-10)

Number of intermediate repair locations
(operating bases). (P)

Average manhours per failure to complete off-
equipment maintenance records. (S=.24 hours)

Average manhours per failure to complete on-
equipment maintenance records. (S=.08 hours)

Number of systems within the ATE.

Fraction of total force deployed to overseas
locations. (P)

Weighted average Order and Shipping Time in
months. The elapsed time between the initiation
of a request for a serviceable item and its
receipt by the requesting activity. For CONUS
locations, S$=0.394 months (12 days) input as
OSTCON. For overseas locations, S=0.526 months
(16 days) input as OSTOS. (AFLCR 173-10)
OST=(OSTCON) (1-0S) + (0OSTOS) (05)

NOTES: (C) contractor-furnished
(S) Government-furnished standard value
(P) Government-furnished program-peculiar value
(AFLCR 173-10) denotes data source is AFLCR 173-10; all
cost factors have been escalated from their
respective base year dollars to common
FY79 dollars using the 0&M factors found in
AFR 173-10, Vol I, Table 49.

* The categorization of variable definitions is
consistent with variable input requirements of the computer
model.




PICP

PMB

PMD

POH

PSC

PSO

SR

TARGAVAL

TD

TR

Operational service life of the ATE in years.
(Program Inventory Usage Period) (P)

Direct productive manhours per man per year at
base level (includes "touch time," transporta-
tion time, and setup time). (S=1728 hours/man/
year) (AFLCR 173-10)

Direct productive manhours per man per year at
the depot (includes "touch time," transportation
time, and setup time). (S=1728 hours/man/year)
AFLCR 173-10)

Peak Operating Hours--expected operating hours
for one month during the peak usage period.
(C)

Average packiny and shipping cost to CONUS loca-
tions. (S=$0.72/pound) (AFLCR 173-10)

Average packing and shipping cost to overseas
locations. (S=$1.49/pound) (AFLCR 173-10)

Recurring management cost to maintain a line
item of supply (assembly or piece part) in the
wh-lesale inventory system. (S=$166.25/item/
year) (AFLCR 173-10) :

Annual base supply line item inventory manage-
ment cost. (S=$8.39/item) (AFLCk 173-10)

Average manhours per failure to complete sup-
ply transaction records. (S5+.25 hours)

Base-level spares availability objective for
ATE. (P)

Average cost per original page of technical
documentation. The average acquisition cost

of one page of the reproducible source document
(does not include reproduction costs).
(S=$200.07/page) (AFLCR 173-10)

Expected Total Operating Hours over the Pro-
gram Inventory Usage Period. (C)

Average manhours per failure to complete
transportation transaction forms. (S=.16 hours)




Annual Turnovar rate for base personnel.
{§=.134)

Annual Turnover rate for depot personnel.
(§=.15)

The number of unit equivalent ATE per operating
base. (P)

Subsystem Variables*

Total cost of additional items of common base
shop support equipment per base required for
the system. (C)

Base labor rate, including indirect labor,
indirect material and overhead. (S=$15.18/hour)
(AFLCR 173-10)

Number of systems to be calibrated. (C)
Labor rate at the Class IV PMEL lab. (P)

Available work time per man at the depot in
manhours per month. (S=168 hours) (AFLCR
173-10)

Total cost of additional items of common depot
suppurt equipment required for the systen.
(C)

Depot labor rate, including other direct costs,
overhead and G&A. (S=$26.20/hour) (AFLCR 173-
10)

Depot consumable material consumption rate.
Includes minor items of supply (nuts, washers,
rags, cleaning fluid, etc.) which are consumed
during repair of items (S=§$2.11/hour) (AFLCR
173-10)

Total cost of peculiar depot shop support equip-
ment per base required for the system which is
not directly related to repair of specific TRUs
or when the quantity required is independent

of the anticipated workload (such as overhead
cranes and shop fixtures). (C)




DRCT - Weighted average Depot Repair Cycle Time in
months. The elapsed time for a NRTS item from
removal of the failed item until it is returned
to depot serviceable stock. This includes the
time required for base-to-depot transportation
and handling and the shor flow time within the
specialized repair activity required to repair
the item. For CONUS locations, S$=1.40 months
(52 days) for organic repair, $=2.06 (62 days)
for contractual repair, input as DRCTC. For
overseas locations, S=1.90 months (57 days)
for organic repair, S=2.20 months (66 days)
for contractual repair, input as DRCTO. (AFLCR
173-10)

DRCT = (DRCTC) (1-0S) + (DRCTO) (0S)

H ~ Number of pages of depot level technical orders
and special repair instructions required to main-
tain the system. (C)

JJ ~ Number of pages of organizational and intermedi-
ate level techrical orders required¢ o maintain
the system. (C)

N ~ Number of different TRUs within the ATE. (C)

sCI ~ Scheduled calibration interval for the system.
(C)

SCMH - Manhours required to perform calibration. (C)

SMH - Average manhours to perform a scheduled periodic

or phased inspection of the system. (C)

SMI - Operating hour interval between scheduled
periodic or phased inspections on the system.
(<)

SYSNOUN - Name of the system-~up to 60 alphanumeric charac-

ters. (C)

TCB - Cost of peculiar training per man at base level
including instruction and training materials.
(C)

TCD - Cost of peculiar training per man at the depot
including instruction and training materials.
(<)
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o

XSYS

CATRU

CI

CII

CIILR

CILR

CIiv

DBCMH

DCOND

DMC

DMH

Cost of peculiar training equipment required
for the system. (C)

System identification. The assigned five-

character alphanumeric Work Unit Code of the
system. (C)

TRU Variables*

Number of TRUs requiring calibration. (C)

Factor which is 0 if no calibration at Class I
lab is required or 1 if calibration at Class I
lab is required. (C)

Factor which is 0 if no calibration at Class II
lab is required or 1 if calibration at Class II
lab is required. (C)

Labor rate at a Class II lab. (C)
Labor rate a2t a Class I lab. (C)

Factor which is 0 if no calibration at Class IV
lab is required or 1 if calibration at Class IV
lab is required. (C)

Average manhours ot perform a shop bench check,
screening, and fault verification on a removed
TRU prior to initiating repair action or con-
demning the item. (C)

Fraction of TRUs returned tc the depot for
repair expected to result in condemnation at
depot level. (C)

Average cost per failure for a TRU repaired at
depot level for stockage and repair of lower
level assemblies expressed as a fraction of the
TRU unit cost (UC). This is the implicit repair
disposition cost for a TRU representing labor.
material consumption, and stockage/replacement

of lower indenture reparable components within
the TRU (e.g., shop replaceable units or modules).
()

Average manhours to perform intermcdiate-level
(base shcp) maintenance on a removed TRU includ-
ing fault isolation, repair, and verification.
(C)
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FICR

FIICR

FIVCR

IMH

MTBF

PAMH

PP

QPA

RIP

Manhours spent on repair of items to be cali-
brated at Class I lab. (C)

Manhours spent on repair of items to be cali-
brated at Class II lab. (C)

Manhours spent on repair of items to be cali-
brated at Class IV lab. (C)

Average manhours to perform corrective mainte-
nance of the TRU in place or on line without
removal including fault isolation, repair, and
verification. (C)

Number of line items of peculiar shop support
equipment used in repair of the TRU. (C)

Mean Time Between Failures in operating hours
of the TRU in the operational environment. (C)

Average manhours expended in place on the
installed system for Preparation and Access for
the TRU for example, jacking, unbuttoning,
removal of other units and hookup of support

equipment. (C)

Number of new "P" coded consumable items within
the TRU. (C)

Quantity of like TRUs within the parent system.
(Quantity per Application) (C)

Fraction of TRU failures which can be repaired
in place or on line without removal. (C)

Average manhours to fault isolate, remove, and
replace the TRU on the installed system and
verify restoration of the system to operational
status. (C)

Calibration interval for a TRU. (C)

Manhours required to calibrate a TRU. (C)

Word description or name of the TRU--up to 60
alphanumeric characters. (C)

Expected unit cost of the TRU at the timn of
initiai provisioning. (2)




TRU wéiqht in pounds. (C)

TRU identification. The assigned five-character
alphanumeric Work Unit Code of the TRU. (C)

Support Equipment Variables*

Cost per unit of peculiar support equipment for
the depot shop. (C)

Annual cost to operate and maintain a unit of
support equipment at depot level expressed as a
fraction of the unit cost (CAD). (C)

Fraction of downtime for a unit of support equip-
ment for maintenance and calibration requirements.
(C)

Combined utilization rate for all like items of
support equipment at depot level. (<)

SE identification--up to 20 alphanumeric charac-
ters. (C)




APPENDIX D

COMPUTER PROGRAM




ot st o 8% 10 S i Ly g e

R

130C*#2UN *=(CORL=1OK)
LO!O0Cesvencnsanssescnscsncannnsnsneennss

LQ20Ceeecenncsccnne QSCATE evsccsancennes
L10J0Ceeencccnccancncncacecsennesennennees

1040 DIMENSION TRUMAT(100,20,;,SEMAT(100,9),8YSMAT(30,13),5ECUN(50,9)
105¢ DIMENSTON SORTRU(100,20) ,EQTOT(L2),AVTAB(1000,3),UCTAB{100)
1080 DIMENSION KEY(1l),M0DE(1),LINK(1000),5ETAB(S0,2}

1070 CHARACTER XSYS*S5(J0),XTRU®S5(100.2),X3L°20(100),50RTXTRU®S(10C,2)
108¢s CHARACTER SYSNOUN®60(20Q),TRCNOUN®60(100),SETRUSS(100,2),CANS"S
1090 CHARACTER XSECUM®20(S50),DATE®S,CMAT®S(L,1)

1130 DATA SYSMAT,TRUMAT,EQTOT/233190./

1110 PEAL H,IMC,IMN,JJ,L5,M MRO , MRF, MTOF

1120 FPARAM(L,80)

1130 TOTLSCe0.

1140 AVIel.

1150 NUMAVT =0

1160 MALAVTel000
LlT0Ceeeccscennncsnsnntencncssnttcnssaneeren

1180C~ eaeeceee READ ATE VARIABLLS eeesceeve
Ll30Ceeeccccncnccnsnecncncnincedseesntennenee

1200 RZAD(10,2) LN, TOH,POR,PIUP,M OS,NSYS,UESASZ, TARGAVAL
1210 READ(10,2) LN, OSTCON,O0STOS,IMC,RNMC,PSC,PS0,TRS,TRD
122 - READ(10Q,2) LN, TD,354,MRO MRF, SR, TR, PMB,PMD,CARYF
12307 2 FORMAI(V)

1180 OST=0STCON®(1.~0%)+0ST0S*0S§

1230 IF(NSYS.LE.Z0) GO TC )0

1160 PRIST )

127 ] FORMAT("REDIMENSION SYSMAT, XS5YS, SYSNOUX™)

1280 sTor

13%0 30 INEXTel

1300 JNEXTel
L1JiI0Ceeeccscecsccencenneorvsnseneccacesceesssncane
1Ji0Coececacnccee READ SYSTEM VARIABLES eessacecee
L1I0CPeecceccesccncsecer annnenneesesosncecsestsce

1340 00 1000 ISel,NSYS

13%0 READ(10,2) LN, XSTS(IS),SYSNOUN(IS)

1160 READ(1Q,2) LN ,3CA,DCA,OPA,N

1370 READ(10,2) L¥,H,JJ,5MH,SMI,TC3,7CD,TE

1380 READ(10,3) LN, BLR,DLR,DNR,DAA,DRCTC,DRCTO

13%0 READ(1OD,2) LN,SCI,SCMH,CI'LA,CASYS

1400 SRCTORCTC®(1.-08)+0RCTOOS

1410 STSMAT(IS,1 =TOHSSMHOBLR/SNI

Le20 SYSMAT(IS,5)=(1e0.Li°PIUP) *(DCASDFLSN*ACA)

e300 COXeICBO (L. »(PIUP=L.)*TRS)/(PIUP*PND)

Ledd COY=TCO®(L.+(PIUP=1.)*TRD)/(PIUP*PND)

14350 STSMAT(IS,6)«CHX TOHOSNR/SNISTE

Las0 STSMAT(LS,7)=TOR®SLA* (MRO+0.1*(SR*TR))/SNITDO(JJ*H)
Le70 IF{CASYS.EQ.0) GO TO 34

L4830 STSMAT(IS,8)e)650PIUPeCIVLR/SCI

1490 )& I7(¥.8Q.0) GO TO 1020
13500Ceeecnsccecccrsncncccssscenceannecanecne

L§10Co e rnense READ TRU VARIABLES *erecenece
L510Cessssscnccsscerensenccnsancenensanssnse




1530 IMAXSINEXT N

1549 TP(IMAX.LE.100) GO 0 38

15%0 PRINT 3?7

1360 37 FORMAT("REDIMENSION TROUMAT , XTRU TRUSOCN,SORTARU,SORTXTRU,XC,.KD.KLI™)
1379 sTor

1580 J8 00 999 IeINEXT,INMAX

L3% READ(1Q,2) LN, XTRU(L,1), TRUNOUN(I)

1800 READ(10,2) LM, QPA,UC, NTIF RIP OCOND,DNC

1620 READCL10,2) LN, 2AMN,IMH, ANM DSCNN, MR, ¥, PP 5P X

1820 READ(1D,2) LN, TRUCI, TRUCHR,CILR,CIILA, FICR,CT,C22,01Y,
18304 FIICR,PIvVCR, CATRY

1840 IF(CATRU.2Q.0) GO TO )9

1850 CALLI®)SSoPIUPOQPACTRUCHN S ((CLoCILRSCIIOCIILRS

18804 CIveCIVLR) /TRUCY)

1870 CALI® A S P IUP QPACCARY® ((CIoCILROFICRSCIIOCIILASPIICRS
18804 CIVOCIVLROFIVCR) /TRUCD)

16% TRUMAT(I,20)eCalieCALl

L1700 39 XTRU(L1,2)eXSYS(!S)

1710 PRGINePORSQPA/NTAY

1720 TRUMAY(I,9)ePRCEY

1730 PXOECENePXGEN® (| .=-R1IP)

1740 TRUNAT(I,10)epPROECEN

1735 TOTCENTOR*QPA/NTYYF

1760 TRUNAT(I,1i)=TOTOEY

i770 TOTORCENTOTGEN (| .=01D2)

1780 TROMAT(I,12)eTOTOLCEY

17% OMDMEANPROECEN®OST /N

1100 TRUMAT (I, 14)DNDNEAN

‘.' Qc.....Q.Q.....O.‘..............0..0'..........Q.'.l......I
L0200e*CONPUTE MIN 3ASE TRU SPARELS STOCK LEVELS SUCH THAT®ee
L8JUee® ZACH TAU HAS AN AVAILAJILITY>STARGAVAL. COMPUTE eee
1840%%® ADD'L INTD RLQUIRED PFOR NARGINAL AKALYSIS “BUYS." eee
‘.’o.0......0..OQl............'.................I' AL EET R TR YY)
1480 K30 ~OMDMEAN

1870 PROBI-EXP( -DMDNEAN)

1980 §TR=0.

1950 $TRIeD.

19002 SUNMeO.

%10 UCTAB(I)=0C

1920 AVOS (1. «X30/ (QPACUEBASE) ) **QPA

i930 AVieaVioavo

1% AVeATO

19% TRUMAT(L,17)=0

1960 TRUMAT(I,15)=x80

L1978 TRUMAT (1,08 A7

1980 &1 IP(A .GT.0.99999) GOTO &8

1990 SUNMesUNePRONX

1200 I30eXB0esUN-1.

019 STReSTEN | .

2026 PROSXPROBXCOMDMEAN/STR

3039 AVe [ 1.«XBO/ (QPASULIASE) ) *%QPA

1040 RINPeav AVD

i0%0 SVealoc(ainr) /uQ

1040 ATO=AY




2070
2080
2090
2100
2110
2120
ai)e
2140
2150
2180
1179
2180
2190
1200
2210
2220
220
1140
2250
1142
21270
2380
1290
1300
1310
313204
3330
13«0
23304
2340
3370

ol

)

‘e

IF(AY .GT. TARGAVAL) GO 70 &2
STRIeSTKI-L.

AVIeAVIoRINP

TRUMAT(I,13)=X30
TRUMAT (I, 18) =AY

S0 T0 &

NUMAVTeNUNAVT |

IF(NUMAVT .LE. MAXAVT) GO T0 «&
PRINT &)

FORMAT("REDINMENSION AVTAD, LINK AND RESET MAXAVT™)
§Tor

AVTAD(NUMAYVT 1l )esV

AVTAB(NUMAVT 2)eniINP
AVTAB(NUMATT, ) eFLOAT(I)

AVTAS(NUMAYT, 4)eX30
ATTAB(NUNMAVT, S)eAl

GoTo
a3

a7

sl

TRUNMAT(I,17)esTK2
OPIPZCEIL(PROECEN®(1-DCOND) *DRCT)
TOTCONDeCEIL(TOTOEGENDCOND)
TRUMAT(I,18)eDP2PE
TRUMATII,19)eTOTCUND
TRUMAT(Z,1)oUCO(STIION<DPIPE+TOTCOND)
TRCMAT (I, 2)eTOTCENC (PAMNRIP INN (1. «RIP)*RMR) *JLR
TRUMAT(L,))eTOTOLCEIN® ( (DOCMNADLR (1 ~-DCOND)
COMR®(OLR*OIMR)«DNCOUC) =29 ( (1 .~085) *PSCe059P50) *1 . )5%%)
TRUMAT (L, &)@ (INCoPIUPORNMC) *(l.=PP)eNeSACPIU?
TROMAT(L,6) oCOXTOTI0ENS (PAMNSRIPSINRS (L. =R1IP)*MN) e
COTOTOTOLCEN® (DOCMR=(1.-DCOND) *DNN)
TRUMAT(I,7)eTOTCEN® (NRO«( 1. =RIP)*(SReTR))*0L2

I7 (K.2Q.0) G0 70 999

1J80C e ccecaccececcsnssssnscersssseccnssssnse

23%0¢

sen

®® READ SE VARIADBLES eccess

:‘aoc...... LA R R R R A R R R R R R R R R ]

10
3420
14830
1840
1450
1440
3470
1480
14%0
1500
1810
1510
3530
1540
15%0
1560

.

&

98
99

IMAZ e INEXTeR-1

IFP(JMAX.LE.L00) GO TO &9

PRINT &8

::lx&?('llﬂt!llllOl SEMAT XSE,SETRMU™)
or

00 998 e NEXT,JNMAX

READ(i2,2) LN ,XSE(J),CAD,COD,DUR, DOWN
SETRU(J, L) =XTRU(L, 1)
SETRU(J,2)=XTROU(L,2)

SEMAT (J,5)*PKOECIN® (DICHN( LD OND) *DMHE) / (DUR®DAA®(L.=DOWN))
SEMAT(J,7)eCAD

SEMAT(J,9)=C0D

CONTINUE

INEXTe NEXTK

CosTINDE

INEXToINEXTN

3579 1000 COmTINUE

1380900000t 0neseeserssssenceetetecssscsscnsenssnnes
i15900%e “3UTT ADDITIONAL SPARES S0 THAT PRODUCT eee
J800%%® AVAILABILITY FOR ALL TRUS>eTARGAVAL oo+

136




1810000cscacescccccecsteccsactacctetetaccccncncncane

1820 REY(l)e=l

16130 NODE(l)e2

1840 CALL SORTL(AVTAD NUMAVT,S KEY MODE, ! MAXAVT, | LINK,CNAT,L,0)
1830 NUNPT2eD

1660 80 IF(AVI .GT. TARGAVAL) GO TO &5

2870 NUMPTReNUNPTRe!

18480 RINPeAVTAB(NUNPTR, )

1630 IFLUPToAVTAS(NUNPTR, )

1700 TRUMAT (IPLOPT, I5)@AVTAB(NUNPTR, &)

710 TRUMAT(IPLUPT, L6)=AVTAB(NUNPTR,S)

720 TRUNAT(IFLOPT, (7)o TRUNAT(IFLUPT, 17 )el.

730 TRUMAT(IPLUPT, L) TRUNAT(IFLUPT, L) UCTAB(IFLUPT) on
1740 AVIeAVIORINP

1730 GoTO &0

2760 435 COnTINUE

1770Cecccncccsnnccccatocansnrettsncscnnee

1780Ceeeecccee ESTANLISH SECUN o
1770Ceeeccccanccecccetetetccessssasecense

1800 IF(J.2Q.0) GO T0 9!

810 JHe0

1820 20 90 JRel,J

1830 IP(XSE(JE).EQ.70") G0 TO 90

1840 UrLdeo.

1838 USYSe0.

1880 Jie el

870 IP(JN.LE.30) GO 70 84

1880 PRINT 82

1890 FORMAT ("REDIMENSION SECUM, XSECUM, SETAR")
1900 sTor

%10 LSECUM(JN)=XSE(JE)

%0 ISE(JT)="0"

930 SCCUM(JN,&)=SENAT(JE, )

1940 JNe Bl

19%0 Dy 80 JPein,J

1980 IF(XSE(JF) . NE.XSECUN(JN)) GO TO 80
970 ISE(IF)e"0"

1980 SECUM(JIN, &) =SECUNMIJIR, &) «SENMAT(JT.S)
1990 UTLGOel.

3000 (P(SETRU(JP,2).EQ.SETRU(JR,2)) GO TO 80
3010 U5YSel.

Jjoio CoNTINUER

3030 SECUM(JN,S)CRIL(SECUN(IN, &)

Jos0 CSQeSECUM(JR,5) *SENAT(JE,7)* (1. «PIUP*SENAT(JE, D))
3050 IP(USYS.6T.0.) GO TO 89

Jjoso IP(UPLU.CT.0.) GO TO 87

3079 00 86 JCel,l

Joso IP(XTRU(JIC,1).NE.SETRU(JE, 1)) GO TO 8¢
3090 TRUNMAT (JC,3)eTRUNMAT(JC, 5 C8Q

Jioo SETAB(JN, )=l

Jiio SETAB(JN, Q) =FLOAT(IC)

3120 GO0 T0 %0

Jiyo 86 CowmTINTE

Jis0 87 D0 88 1Qei,NsYS




Jis0 IP(XSYS(IQ).NE.SETRU(JE,2)) GO TO 48
Jisd SYSMAT(1Q,5)SYSNAT(1Q,5)+C8Q

Lo SETAB(IN, L)l

180 SETAB(JN,2)=FLOATI(IQ)

bRS 1 G0 T0 %0

ji00 88 coxTiNUE

J20 89 EQTOT(S)eEQTOT(I)+CQ

3220 SETAB(JH,1)e).

1130 90 CONTINUVE

’z‘oc..............l........I..I...l......

J250e

12150C09000000000000000ctacessiecncenscaces

3270 9% CALL DETACH(LQ,ISTAT, )

Jis0 20 101 Idel,!l

11%0 20 92 ICel,?

3300 TRUMAT(13,3) »TRUNAT(13,8)«TAUNAT(13,10)
30 91 cosTINUE

30 TRUMAT (I3, 8)«TRUMAT( (B 8)«TRUNAT(13,10)
3330 101 comriNCE

13150Ce 00000000 ctaccnecsautctctocccenescncsntenes

1130Ceeecccnee CONMPUTE SYSTEN COST *cscccccsccce
1140C000000000000000000000000000000000000seronns
3319 20 96 IKel NSYS

3380 20 93 Ilel,I

310 IP(XTRU(IL,2).NE.XSYS(IK)) GO TO 9%

Jaoo STSMAT(IK 8)@SYSMAT(IK, ) «TRUNATIIL,20)

jalo 20 94 INel,?

Ja20 SYSMAT(IK, IM)@STYSMAT (IR, IM)«TRUNAT(IL,IN)
Ja0 94 cowTiNOR

Jaso 93 cCosTiNvUR

Jas0 96 CosTINUE

J4s0 D0 99 UNe| N5YS

Jara 20 97 Jpei,8

Jeso STYSMAT(JUN, 1)) @eSYSNAT(JN, L D) «SYSNAT(UN, D)
a0 97 cosvimve

1300 99 comsTiNUR
1310C999000000000000000000000000000 000000nccctnssese
J520Ceecaccene ONPUTE ATE COST eesccsene

15100 0000000000000000000070000000000ssncrenceacacncs
1540 20 948 Ive| ,NSYS

1330 TOTLSCeTOTLSCHSYSMAT(IN,ID)

3360 98 CowTiNUE

3370 TOTLSCoTOTLECHEQTOT(S)
JI80Ceecccccncctscssccnccnecesansscess
13590Ceeecvsece PRINT QUTPUT eecesscesne
J800Ceeenccnccsacscscsncsnctcscssnene

Jsid CALL TADATER(DATE)

Jsi0 CALL TTINE(ITINDE)

3830 PRINT L121,0ATE,ITINE/100000+10000

SLLD FORNAT(//"RUN OF " ,A8," == " 14,” gOURS™)
3830 IP(TOTLSC.LT.10%%8) GO TO 1121

1460 LF(TOTLSC.LT.10%%9) GO 0 117

3870 PRINT (1S,TOTLSC/10%9

J680 113 FORMAT(//“TOTAL LSC = $7 . 77/.2," SILLION.™)




1850
jroe
3710
320
1730
P REY]

128
198

121
123}

G0 TO 180

PRINT L19,TOTLSC/LCe"s

FORMAT(//"TOTAL LSC = 37,77.2," MILLION.™)
GO TO L&0

PRINT 12]3,ToTLSC

FORMAT(//"TOTAL LSC = $",F7.0)

J730C 0000000000000 00 00t tRateelteteeraetetetiacetacnctacecsdecaccsnnsnane

3780C

RC.KD.KE MUST AGREE WITH DIMENSIONS OF TRUMAT AND XTRU eceece

ARSI R AL R L L L L L L L L L L R L R R R R R R L L L)

3790
317%0
3800
Jai0
80
3830
1840
3830
Jasd
3870
3880
J8%0
1900
3%i0
Jsics
3910
3%é0
3930
1980
3970
19404
39904
40004
“010s
4020
«0306
“0406
40506
a080
“are
L0080
L0920
&100
s110

)
13

1S 3
132

20 132 KCel, 100
00 1)0 kD=l , 20
SORTRU(KC,KD) «TRUMAT(KC,KD)
00 131 KZel,2
SORTXTRU (KC ,KE)«XTRU(KC,KE)
COoNTINDE
KEY(l)=l)
MODE(i)e2
CALL SORTL(SYSMAT, 4SYS, 13, KEY, MODE,1,20,1,LINK, XSYS5,1,1)

KEY(L)«8
MODE(L)e2

el
e

CALL SORTLUSORTRU,IMAX,20,KEY MODE,L,100,1 LINK, SORTXTRU,2,)
PRINT 142

FORMAT(/™D0 YOU WANT AN EXPLANATION OF YOUR AVAILAME *,
“ortiows?®™)

READ 1093,CANS

IF(CANS.NE."Y") GO TO 150

PRINT 143

TORMAT(/™OPTION | - TOTAL LSC SROKEN OUT B3Y EQUATION®/
“OPTION 2 - ALL SYSTENS RANKED ONX COST"/

02T (oM = COST BREAKQUT BY EQUATION FOR A PARTICULAR SYSTEN"/
“gpTioN COST RANKING OF TRUS FOR A PARTICULAR SYSTEIN"/
"oPTION COST BREAKOUT B3Y EQUATION FOR A PARTICULAR TRU™/
“orrioy DETAILED SUPPORT EQUIPMENT ANALYSIS™/

“ortTioN DETAILED SPARES ANALYSIS™/

“oPTION MAINTENANCE CENERATIONS ANALYSIS™/

“orTiON TRU SORK UNIT CODPE/NOUN CROSS-RAEFERENCE™/
“OPTION 10 - STOP PROGRAN")

PRINT 131

FORMAT(/"WHICR OPTION'™)

READ :LANS

IP(IANS.GT.10) G2 TO 14}

GO TO (200,2%0,300,150,400,450,500,550,800,630),2A88

ll10Ce0cessccnccrecerccsecnneneecanecsave

'Y ‘oc........"......Q.....'..‘....".'...

“i30
“15%0
179
<130
«i90
s120
4210
4220

%0
0

00 110 NPei .8

90 110 MRe| ¥SYS

EQTOT(NP )=EQTOT(MP)SSTYSMAT(MR, NP)
PRINT 338

PRINT 3)7,(EQTOT(MS),NS»1,3)
PRINT J&0

PRINT )43, (EQTOT(MS) NSe4.8)
GO T0 130




s230

.1‘0:....I..Ql.l.............

42350C**® QUTPUT OPTION 2 eeee
‘z‘oc..l...‘.........l.....'.

4270 250 PRINT 280

4280 260 FORMAT(1OX,"SYSTEN",4X,"COST(IN MILLIONS)™,:X,
«290s “PRACTION OF TOTAL LSC™)

4300 20 280 IXel , NSYS

4310 SYSMAT(IX,l4)eSYSMAT(IX,1))/TOTLSC

«322 STYSCOSTe SYSMAT(IX,:J)/100e%

«J)0 PRIXT 270,XSYS(IX),S5YSCOST, SYSMAT(IX,14)
4340 270 FORMAT(1LIX,AS,.F18.2,P719.2)

4330 28¢ cosTINUE

4380 GO0 T0 130

172

Q).oc.l.........l'........'.l

4390Ce*e QUTPUT QPTION ) eeee
4400Coe0cccsenacncccncncsnnne

4410 300 PRINT 2006

4420 310 READ 100s&,Cans

ae30 00 110 Igel, X5YS

a0 SP(XSYS(IE).EQ.CANS) GO T0 130

“s350 coNTINUE

“esd PRINT 2002

“s’0 GO0 TO0 310

«s80 PRINT ))§

“sio FORMAT(/"EQUATION™, 10X, "AL" 10K, ™02" 10K, 03", 10K, %04, 10X,.705")
#3500 PRINT D)7, (RYSMAT(IE,18),161,%)

4310 I PORMAT(12X,5P12.0/))

«520 PRINT J&Q

4330 380 FORMAT("EQUATION™, 10X,."F6", 10X, 07",10X,"08")
4540 PRINT D43, (SYSMAT(IE,ID),1iDes,8)

4550 348 FORMAT(L123X,JR12.0/1)

“580 G0 0 130

«5370

5,.oc...'.......ﬁ..l....I.I..

4590Ce*e QUTPUT OPTION & eeee
“500Ceessnssccsnccccctsccsnne

4610 330 PRINT 2006

4620 339 READ 2004,CANS

a8l0 D0 )60 IPel,.NSYS

“5e0 IP(XSYS(I?).¥E.CANS) GO TO )60

46350

8580 GO TO 365

870 cowNTINUE

“580 PRINT 2002

“830 G0 10 )88

4700 PRINT:"NOW MANY TRUS TO 3E INCLUDED (N RAXKING®"
«710 READ:1ANS

4720 PRINT 370

&730 FORMAT(49X ., “FRACTION OF™ /16X, "TRU", 12X, CO8T", 148,
a0 “SYSTEN COST™//)

4730 PCTCe0.

4780 iRe0




4179
4780
4790
4800
“810
«820
«830
4840
“850
«460
i870
4880
48%
4900
%10
«9204
4930
940
4950
4360

bLE]
bl D)

198

00 380 IYel,l

IF(SORTXTRU(IY, 2).NE.CANS) GO TO )80

IRellel

PCTeSORTRU(IY, 8)/SYSNMAT(IP,L))

PCTICePCTCPCT

PRINT JI7S, IR, SORTITRUCIY,L),SORTRU(IY, 8),PCT
FORMAT(I9,All,Fi8.0,718.2)

IP(IR.EQ.IANS) GO TO 185

CONTINUR

IF(IR.EQ.TANS) GO TO 183

PRINT: “THESE ARE ALL THE TRUS IN THIS SYSTEN."
LANSe R

IPCTCePCTCO 100

PRINT 190,IANS, IPCTC

FORMAT(/“CONTRIBUTION OF TOP",1),"TRUSe", 13,
" PER CENT OF TOTAL SYSTEM COST.™)

PRINT )9S, SYSMAT(IP,13)/10%e¢

FORMAT("SYSTEN COST o $",70.2," MILLION.™)
G0 T0 130

4970Co000nscccnnncncncitncnnne

4980C**e QUTPUT OPTION 3 o
4990Coecccccncencscncccnscnne

$900
s010
$020
3030
5040
j0s9
3080
070
5080
1090
5100
sSiio
5120
sS130
$140
$1%0
$180
si70

«00
08

33

PRINT 2008

READ 1004,CANS

00 410 IU=},2

IF(SORTXITRU(I0,1).NE.CANS) GO TO &l0Q

GO TO 415

coNTINUE

PRINT 2002

G0 TO 408

PRINT 420

FORMAT(/"CQUATION™, 7X,"#1", 12,027, 12,7037, 12X,%04")

PRINT 423, (SORTRU(IU,IV), IVel, &)

FORMAT(7X ,aFl6.0/ /)

PRINT 430
FORMAT(“EQUATION™, 7X, ™0S8" 12X, " 06", 12X, 07", 122,%080")
PRINT 433, (SORTRU(IU,JL),JLe8 7)), SORTRO(IV,20)

FORMATZ(7X,4F14.0)

GO TO 150

5180Ce0eccccecscecccncccncenn

S190Ce®* QUTPUT OPTION &

S100Ceecncccnccccccccncnnncen

430 cComTINUE

5109
5220
5230
$1s0
3130
3160
3170
3180
3290
3300

PRINT:" cou
PRINT:"™ cotL
PRINT:" coL
PRINT:" coL
PRINT:" coL
PRINT 460
PORMAT (/6X,"1%,19X,%2",9K,"3", 12X,%4", 9,3 /)
D0 480 JKel,Jnm

PRINT 470, XSECUM(JK), (SECUNM(JK,JR) ,JR=2, %)

SE IDENTIZICATION"

FRACTIONAL SE RQMT-BASE (CoMPUTED)"™
TOTAL ST RQMT-BASE (INTECERIZED)"
FRACTIONAL ST RQMT-DEPOT (CONMPUTED )™
TOTAL SE RQNT-DEPOT (INTEGERIZED)"




SII0 470 FORMAT(1X,A20,F8.2,79.0,F14.2,79.0)
33210 480 conxTIiNUE

$330 G0 70 130

$3s0

s3s%0¢C T e )
$3soc * QUTPUT OPTION T ¢

$370C L L Y]

5380 500 ?RINT 510
$390 510 FORMAT(29X,“TRUS™//4X,"WUC",7X,"DMOMEAN", 8X,"X30",3X,

3:00s AV, LLX,"STK",0X,"OPIPE",4X, "TOTCOND"//)
S410 00 530 MUel,l
j&20 PRINT S20,XTRU(MU, L), (TRUMAT (MU, MX) MX=14,19)

3430 520 FORMAT(IX.AS,2P12.2,F12.4,3F12.0)
3440 330 CoxTINUE

5450 PRINT 540,AVI
3460 540 FORMAT(IX//LOX,"SYSTEM AVAILABILITY", FS.))
$470 GO0 T0 150

S430Ceeecccccnncnceceneeneccscncane

3430Cee *® QUTPUT OPTION § eccence
$370Ceeecnccccccnccnccncenenntatsnene

$310 330 PRINT 360

53520 560 FORMAT(JIX,"PEAK",25X,"TOTAL"/20X,"PEAK",SX,"0FF-2QUiP"~, 10X,

353304 “TOTAL",5X,"0FPP-EQUIP"/7X,"WUC", 10X, "CENS",7X,"CENS", 14X, CENS",
35408 8x,"crus"//)

5330 DO 570 MVel, !

560 PRINT S65,XTRU(MV,1), (TRUMAT(NV, NY), NYe9,12)

5370 565 FORMAT(AX,AS.6X,78.3 FLL1.2,718.2,712.2)
$580 370 coxTiNUR

$3%0 Go T0 130

5400

’.‘oc...I..........................'.......
5620Cenecccn QUTPUT OPTION § seeccccncaccee
")oc..O..........Q.....'..'.’.I.........'.

2640 600 PRINT 610

56350 610 FORMAT(/3X,"WUC",7X,"%0UN"/)

3660 D0 623 Jlei,l

5670 PRINT S20,XTRU(J2,1),TRUNOUN(JIZ)

5630 620 FORMAT(IX,AS,3X,A80)

3690 4623 cowTiNUz

s$700 G0 0 130

$710

$720 2002 PORMAT("IMPROPER IDENTIFICATION-~RETYPE™)
730 2003 FORMAT(AL)

$740 2004 FORMAT(AS)

57350 2006 FORMAT("SYSTEN IDENTIPICATION?™)

$760 2008 FORMAT(™TXC IDENTIFICATIONT™)

3§27

5780 430 sToP
$790 £%0
5800

,.loc."..........'.'.........."...."....IQ......."......'

5310Ceenreseces PUNCTION TO INTEGERIIE ROUNDING UP eececsceene

58100 0000000000000 00000000R00RR QTR It RREtescssnctenncRssonne

5840 FUNSCTION CEIL(X)
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s830 TeAINT(X)
$8s80 Jek-Y
5870 Ir(2),.,!
sa80 CEILeX
389%0 RETURN
$%00 ¢ CEILeYel.
$910 RETURN
%20 END

$5)0C 000000000 nte el loeeeeac et eeREteeeiteerneteeeeacsetanecncRecsttneanes

$940 SUBROUTINE SORTL (A, NREC,¥WPR,KEY MODE NKEY,ID,IP?,LINK,CMAT,ICCOL,ICIND)

AR AR AR L AR R R L L L L R R L L R R )

$960C A CENERAL PURPOSE SOARTING SUBROUTINE USING LINK ADODRESSING

$370C:aA
$330¢:
$950¢C:
4000C:NREC
8010C:
§020C:xurt
§0j0C:
$040C:K2Y
$03%0¢C:
6060C:
6070C:n0DE
6Q80¢:
$090C:
§100C:
s110C:
6120C:
§130C:
§140C ¥XEY
§150C:
$1460C: 1D
éi170C:
4180C:1?
$190C:
$200C:
§210C:
6220C:LI¥K
6230C:
§2403C:
6250C:CNAT
6260C:
$270C:
§280C:IcCCoL
§290¢C:
§300C:
$310C:ICIND
$320C:
$330¢C:

ARAAY OF SIZZ NREC 3Y NWUPR WHOSE ROWS COMPRISE
THE DATA RECORDS TO B3E *ORTED

NUMBER OF RECORDSeNUMBER OF ROWS OF A
NUMBIR OF WORDS/RECORD=NUMBER OF COLUNMNS OF A

ARRAY OF SIZE NKEY WHOSE ELEMENTS ARE POINTERS TO
THE COLUMNS OF A CONTAINING TME SORT KIYS

ARRAY OF SIZC NKEY YHOSE ELEMENTS DEFINE THE
ORDERING RELATION PLACED ON EACH xIY

=2 INCREASINGC,UNSIGNED ORDER :

=L INCREASING,SIGNED ORDER

*L DECREASING UNSIGCNED ORDER

*l DECRIASING,SICYED ORDER

NUMBER OF KEYSeSIIE CF ARRAYS KEIY AND MODE

FIRST DIMENSION OF A IN THE PROGRAM CALLING OUNIT

17 120 THE RECORDS REMAIN IN THEIR ORIGINAL LOCATION,
OTXERWISE, THE RECORDS ARE MOVED (INTO THE DESIRED
ORDER FOLLOWING THE SORT

QUTPUT ARRAY OF SIZE NREC WHOSE ELEMENTS ARE
POINTERS TO THE RECORDS I% A IN SORTED SEQUENCE

CHARACTER ARRAY OF SIIE NREC 3Y ICCOL WHOSE 20WS
ARE MOVED IN CONJUNCTION WITH THE ROWS OF ARRAY A

NUMBER OF COLUMNS OF CHARACTER VALUES IN ARRAY CNMAT;
EACR VALUE HAS 5 CHARACTEIRS

"FLAGC™ TALUE FOR SORTING CMAT;
*) 20 ¥OT OPERATE ON CMAT
¥OTed REARRANGE THE VALUES IN CMAT

8340 DIMENSION A(ID NWPR) KEY(N¥KEY),NODE(NKREY), LINK(NREC)
3350 INTEGER A, TENP(100)

5360 CRARACTER CTENPOS(20)

§370 CHARACTER CMATe®S(ID,ICCOL)

5380 LOGICAL EQVv,?.Q




8390
§400
s4l0
8420C
4430C
$440C
6430
a480
8470
s480C
84%0C
§500C
6510
§3520
8330
8540
8330
8540C
§370C
s580c¢C
§390
5600
$6'0
5620
$630C
4640C
8630C
5660
§670
4630
6890
$700
6710
$720
8730
§740
$7%50
4760
s770C
§780C
s790¢C
48300
5810
$820
$830
$840C
s4s50C
$880C
870
4880
5890
§990¢C
§310C
§9219¢C

EQV(P,Q) = (P.AND.Q).OR.(.NOT.(P.OR.Q))
¥ROWeNREC
NCOLeNWPR

INITIALIZE LINKS

20 10 Iel,NROW
10 LINK(I)el
I7 (NROW.EQ..) RETURN

FORM INITIAL INCRENMENT

Mle(NROWeS)/S
Nel
10 Ne=leM
I7 (M.LT.N1) GO TO 20
MeN-1

3EGIN NEXT SORT PASS

30 MleNe|
20 100 JeMl,NROW
LieLINK(J)
lej-n

COMPARE KEYS [N RECORDS LINK(I) AND LINK(J)

40 LIeLINK(I)
D0 30 Lel NKRY
KeKEIY (L)
Klea(lI,K)
KJeA(LJ,K)
17 (EQV(RI.LT.0,KJ.CE.Q)) GO T0 &0
{7 (RI.NE.KJ) GO TO 70
$0 coxTINUER
$0 IP(EQV(KI.LT.0,KJ.CE.D))GOTO %0
G0 T0 %0
70 t7 (EQV(KI.LT.RJ,NODE(L).LT.0)) GO TO %90

RECORDS LINK(II), LINK(J) QUT OF ORDER

80 11 = Ien
LINK(IZ)=LINK(D)
1=7T =N
17 (1.G7.0) GO 70 &0

RECORDS LINK(I), LINK(J) ALREADT (N ORDER

90 I = Ten
LINK(ID)eLy

100 CONTINUE

END OF SORT PaAsS
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§%30 I7 (M.GT.15) MNex/2

8940 NeM/2

8950 {7 (M.¥E.Q) GO 1O 30
6960C

$970C EIND QOF SORT, TEST WHICH OPTION
§980C

§990 7 (IP.£2Q.0) RETURYN

7C00C

TOLOC REARRANGE RECORDS IN A ACCORDING TO LINK
7020C

7030 D0 150 Iel NROW

7040 IF (LINK(2).EQ.I) GO 70 150
7080 00 110 Kel, NCOL

7060 TEMP(R)=A(I,K)

7070 cosTINUE

7080 IP(ICIND.RQ.0) GO TO 117
7090 00 118 IllSel, lCCOL

T100 CTEMP(XL1S)eCNAT(I,I11Y)
TL10 115 comTIiNUE

7120 117 cowTINUR

7130 Jel

T140C

7150C BEGIN CYCLE

7160C

7170 120 LJeLINK(J)

7180 DO 130 Kel,NCOL

7190 130 A(J.K) eA(LJ,K)

7200 IP(ICIND.RQ.0) GO TO 137
210 00 133 Il3Sei, 2cCOL

7220 CMAT(J,Z133)eCMAT(LI,L128)
723 CONTINUE

7240 coNTINCE

72150 LINK(J)=J

72160 JeLd

1270 I7 (LINK(J).¥R.I) GO ™2 :20
rTi80C

7190C or crcLe

7300¢C

7310 DO 140 ke, ¥COL

7320 A(J,K) =TENP(K)

7330 IP(ICIND.2Q.0) GO TO 147
7340 DO 145 IléSel, 1cCO0L

7350 CMAT(J,T143)eCTENP(LLAY)
7180 CONTINUE

7370 CONTINUR

7380 LINK(J)eJ

7390 cosTivUR

7400 RETURN

7410 4 1]




APPENDIX E

SAMPLE DATA BASE




*®113 e3jep 9Y3z Uy Jaqunu BUT] eIep Y3 ST Ny

NMOQ ¥NAd 40D avd dSX N1 HOLOVHLNOD INTWAINDA JL¥O4dNS
NULVD ¥OAId ¥OIId AID

IID ID ¥DId ¥IIID ¥IID HWONML IDNY¥L N1 YOLOVYHLNOD
M dd M HWA HWOHA HWY HWI HWVd N1 HOLOVYLNOD LINN F1aVIOVIdaY 1S3l

OWa aNODA dI¥ J4dIW On Y40 N1 HOLOVYLNOD

NNONN¥L N¥LX N1 HOLOVHLNOD

SASVD ¥IAID HWOS 10S N1 HOLOVHINOD

0LO¥a Jl1O¥d VVd ¥Wad ¥'1a ¥'1d N1 HOLOVHLNOD
4l aO1l 901 IWS HWS £rC H N1 HOLOVHLNOD WALSASENS

N ¥dd vOa vod N1 YOLOVH.LNOD

NNONSAS SAX N1 YGLOVELNOD

J¥VD (Wd GWd ¥J1 ¥S J¥W O¥W VS al N1 LNTWNYIA0D
aul 981 0Sd JSd JWM OWI SOLSO NOJISU N1 INTWNIIA0D WALSAS 41V

TVAVOUYI ASVEAN SASN SO W dNId HOd HOL N1 INTWNEIA0D
sa[qetaep 80an0sg 12A97]

IVWHOd 114 Yivd
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40000 20000 10 9 .3 3 2 .9
o4 5 57 127 .72 1.5 .14 .15
200 8.4 .08 .24 .25 .16 1728 1728
FAAOOD COMPUTER TEST STA GSM231l
10000 20000 5000 35

100 200 5 120 10000 10000 6000
16 30 8 168 1.4 1.9

90 20 16 1

FAAAO PANEL POWER DIST

7 1800 800 .6 .G5 .1

'L 32,2 10-0 51
G0O0OOO0OOODOODOO
TESTSETL 5000 .1 .2 .1
FAABG MAINTENANCE TEST PACK
1 2000 1000 .9 .02 .1

F 8 & 22550530

120 20 30 16 200 1 0 8 0 1
FAACN PANEL LRU

2 800 700 .2 .1 .2

1-T.2 2-2"210.°,5°1

90 10 30 16 5 0 10501
TESTSET! 5000 .1 .2 .1
FAAEO CARD FILE AUX B

12 1000 500 .05 .1 .2

I 2 32320551

90 10 30 16 50 1 0501
TESTSETL 5000 .1 .2 .1
FAAGO CONVERTER ASSY TRANS
16 1200 600 .2 .1 .l

}ol & T:272:0 531

180 10 30 16 10 01 0 501
TESTSET2 10000 .1 .2 .1
FAAJO CARDFILE AUX A

2 2500 800 .2 .1 .1

1: 1852 2 30 <5 |}

90 10 30 16 S0 1 0 501
TESTSET! 5000 .1 .2 .1
FAALO GENERATOR SIGLNAL WAVE
17 900 550 .2 .1 .1
1122220 .51

90 10 30 16 5010 501
TESTSET1 5000 .1 .2 .1
FAAPO CONVERTER SIGNAL

10 900 650 .1 .05 .1

1 J &R 8270 &34

.25




90 10 3016 50 1 0 501
TESTSETL 5000 .1 .2 .1
FAARO GENERATOR PRESSURE
14 500 4060 .1 .05 .1
Voo i sl )
000000O0CO0CDOOCO
TESTSET3 10000 .! .2 .1
FAAUO PRESSURE SUPPLY

5 200 500 .1 .05 .1

'} 2-2:2 3 @« )
00000000000
TESTSET3 10000 .1 .2 .1
FAAWO IMPEDENCE UNIT

17 800 400 .1 .05 .1

11 22309231

$0 .10 30 163020 501
TESTSET1 5000 .1 .2 .1
FAAYO PANEL AUX DIGITAL
17 600 550 .1 .05 .1

1 L2332 0 51

120 10 3016 301 0G5 0
TESTSET! 5000 .1 .2 .1
FAA20 POWER SUPPLY PRE

6 400 850 .1 .05 .1

1 P F3F T30 S

180 10 30 16 50 1 0 50
TESTSET2 1000C .1 .2 .1
FAA50 POWER SUPPLY ASSY
6 350 900 .1 .05 .1
.18 222N 59X
000000O0O0O0O0O
TESTSET2 10000 .1 .2 .!
FAA70 SYNCHRO UNIT

8 700 600 .1 .05 .1
118237930

120 10 30 16 50 105 0
FABO PANEL CONTROL

41 1000 1100 .1 .05 1
Pl a & 31 03]

180 10 3016 3 1035 0
TESTSETL 5000 .1 .2 .1
FABJO PRINTER

9 500 600 .1 .05 1
1'1°23:2 83 30 301




1890 120 10 30 16 50 105 0
1900 TESTSETL 500C .1 .2 .1
1910 FABKO MULTINMETER DIGITAL
1920 14 800 1000 .1 .05 1
19301 2 2 2 % 203 %

1940 180 10 32 16 S 01 0 5 0
1950 TESTSET1 5000 .1 .2 .1
1960 FABMO OSCILLOSCOPE

1970 13 400 1000 .1 .05 .1
1980 1.1 2 2 2 2 6 .30

1990 180 10 30 16 5 01250
2000 FABRO READER PUNCH TAPE
2010 10 800 400 .1 .05 .1
2020 1 1 22 3 2 0 .51

2030 0 000 000O0O0OO0OD
2040 TESTSETL 5000 .1 .2 .1
2050 FABTO ANALYZER SAMPLING
2060 11 1200 500 .1 .05 .1
40701 1 2:2 22 0.3 13

2080 180 10 30 16 S 01050
2090 TESTSET1 5000 .1 .2 .1
2100 FABZO COUPLER DATA

2110 12 300 100 .1 .05 .1
SE20L 1 23 38 Snadil

2130 120 10 30 16 5 0.2 0 5 0
2140 TESTSETI1 5000 .1 .2 .1
2150 FAB30 POWR SUPPLY ASSY
2160 9 800 1100 .1 .05 .1
2170 2 1 2°2. 2 3% OuJd 3

2180 0 00 00OO0DO0OO0ODO0OOODO
2190 TESTSET1 5000 .1 .2 .1
2200 FAB50 TRANSFORMER POWER
2210 5 300 1100 .1 .05 .1
22230 1 1.2 2 23 2 0:sS )

2230 00000000000
2240 TESTSET2 10000 .1 .2 .1
2250 FAB70 COUNTER DIGITAL
2260 14 500 900 .1 .05 .1
227041 1.2 23 320 51

2280 180 10 30 16 50 1 0 501
2290 TESTSET1 5000 .1 .05 .1
2300 FACDO SWITCHING COMPLEX
2310 60 500 1500 .1 .05 .1
23201 § 2372 20 «3:1




180 10 30 16 5 01 0 SO0 1
TESTSET4 20000 .1 .05 .1
FACKO ADAPTER

1 1500 1200 .1 .05 .1

Gy TG B RE G L
000O0O0O0QO0COOODOO
TESTSET4 20000 .1 .05 .1
FACPO SCOSBY TABLE

3 2000 15C0 .1 .05 .1
-3 3728 G 350
00000O0O0ODO0QCODOO
FACRO RATE OF TURN SYSTEM
1 1600 1200 .1 .25 .1

3 1 3325 % 0 233

120 10 30 16 501 05 01
TESTSETI 5000 .1 .05 .1
FAC40 TIME BASE DUAL

1 600 1500 .1 .05 .1

S B B B e B

120 10 30 16 501 0 5 0
TESTSETL 5000 .1 .05 .1
FACTO AMP DUAL TRACE

4 1000 1200 .I .05 .1!

o U5 o o O

120 10 30 16 S 01 050
TESTSET1 5000 .1 .05 .1
FADBO EXT CONTROL PANEL
9 3000 800 .1 .05 .1

G T G Ok O W o G

120 10 30 16 3 0 10 5 O
TESTSETL 5000 .1 .05 .1
FADDO SAMPLING HEAD

3 400 1200 .1 .05 .1

Rl ok o e G - N

120 10 30 16 50 1 0 5 0
TESTSET1 5000 .1 .05 .1
FADKO BATT TEST SET

3 400 2000 .1 .05 .1

11 & 8-8'2 0 «30
000000O0O0DOO0O
FAEAO MASS STORAGE UNIT
1 2000 500 .1 .05 .1
2138 8 220 «3 4
00000CO0O0CODOODO




TESTSET! 5000 .1 .05 .1
FAMOO DISPLAYS TEST STATION
10000 20000 5000 2

100 200 5 '20 10000 10000 6000
16 30 8 168 1.4 1.9

9C 20 16 1

FAMAO PANEL POWER DISTRIB

7 1800 800 .6 .05 .1

11 .22 .3 &0 <3 1
000000O0O0CO0QCOO
TESTSETL 5000 .1 .2 .l

FAMCO GENERATOR PULSE

1 2000 1000 .9 .02 .1

-3 8 8 % 9 <50

1 20 20 30 16 200 1 0 8 01
FAYOO MICROWAVE TEST STATION
5000 20000 5000 1

100 200 5 120 10000 6000 6000
16 30 6 168 1.4 1.9

120 20 16 1

FAYBO MAINT TEST PACK.

1 2000 1500 .6 .05 .1

3 1 & - B30 %9 §

1 20 20 30 16 300 1 08 01
TESTSET4 20000 .1 .05 .1




APPENDIX F

SAMPLE OUTPUT




. RN OF 08/23/79 == 1312 HOURS

TOTAL LSC = § 15.9] MILLION.

DO YOU WANT AN EXPLANATION OF YOUR AVAILASBLE OPTIONS?

eYES

OPTION | - TOTAL LSC BROKEN OUT 3Y EQUATION

OPTION I = ALL SYSTENS RANKED OX COST

OPTION ) = COST BREAKOUT B3Y EQUATION FOR A PARTICULAR SYSTEM
OPTION & = COST RANKING OF TRUS FOR A PAATICULAR SYSTEM
OPTION § = COST BREAKOUT BY EQUATION FOR A PARTICULAR TRU
OPTION 4 - DETAILED SUPPORT IQUIPMENT ANALYSIS

OPTION 7 = DETAILED SPARES ANALYSIS

OPTION § - MAINTENANCE CENERATIONS ANALYSIS

OPTION § - TRU WORK UNIT CODE/N¥OUN CROSS-REFEIRENCE

OPTION !0 = STOP PROGRAN

SHICH OPTION?

TQUATION " N ' ‘e ¢S

j 4681700, 128285, 1415602, 79134, 7700000.
3 IQUATION " " )

: 9771, 119408, 1439841

WHICH QpTIONY

-l
STSTEN COST(IN NILLIONS) FRACTION OF TOTAL LSC
E FaaQQ $.03 0.57
4 TANOO Q.46 0.03
PAT00 9.16 0.02
WHICH oPTIONT
.3
SYSTEXM IDENTIFICATION?
«FAACD
3 TQUATION " " '3 ' T
> 4342100, 371409, La0Aas s, 73%08. 1150000.
‘ IOUATION ' 'y T

521947, 8170, 1438308,

SRICH oPTIONT
-




b}
SYSTEM IDENTIFICATION?
sFANCO

IQUATION " ”n” 9
113600, 19952, lo17s.

EQUATION " " "
LI3E 80966, $49.

WRICH OopPTIONT
-
|
SYSTEM IDEXTIFICATION?
eTAYOOQ

EQUATION "
14000.

EQUATION L]
8208,

WHICH orTION?
.e

SYSTEXM IDEXTIFICATION?
oFAYRO
HOW MANY TRUS TO 3E INCLUDED IN RANKING®
Ll
FRACTION OF
T cosT SYSTEN COST

i FAYNO 171%0. 0.10

CONTRINUTION QOF TOP (TRUSe 10 PER CEXT OF TOTAL SYSTEIN COST.
STSTEN COST = § Q.26 MILLION.

WRICH OPTION®
-
SYSTEN IDENTIFICATION?
eFAN00
HOW MANY TRUS TO SE INCLUDED IN RANKING?
-l
FRACTION OF
e cost SYSTEN COST

i FANAO 109236, 9.34
1 FANCO 24730, 0.0%

CONTRIAUTION OF TOP 12ITRUSe 19 PER CENT OF TOTAL SYSTEN COST.
STYSTEIM COST e« 3§ .46 MILLIONW.

guIcH orTION?

"
130000,

"
140000.




L)
SYSTEN IDENTIPICATION?
=FAAQD
HOW MANY TRUS TO SE INCLUDED IN RANKING?
33
FRACTION OF
TR cosTt SYSTEM COST

FABO 872482, 0.10
TAMZO 623813, 0.07
TAANO 553182, 0.06
FACDO S0113). 0.06
rADNO 467935, 0.08
FAALD sa7lin). 0.0S8
TAAEO 432828, 0.08
PAAGO 412979, 0.08
FABRTO JT4401. 0.04
PAAYO J4881). 0.04
TABKO 194701, 0.03
FABRO 164966, 0.03
TAAPO 184564, 0.0)
TAARD 151877, 0.03
TABJO 219627, 90.02
FAATO 178965, 0.02
TARTO 170891, 0.02
FAMNO 137199, 0.02
TAAAQ (09897, 0.01
TAAJO 107316, 0.01
FABO 99230. 0.01
FACTO LRSS ' 0.01
TAA20 73898, 0.01
FACPO T0S86. .01
TAEAOD T0S506. 0.01
TAACO 80149, 0.01
TAASO as7%0. 0.01
TAAUO “539s. 0.01
TADDO “08)s. 9.00
FACKD 40439, 9.00
TAABO J84ss. 0.00
racCRO 14001, 9.00
rABSO Joiso. 0.00
FACAO 21779, 0.00
FADKO 19840, 0.00

L I N S

CONTRIBUTION OF TOP JISTRUSe 86 PEIR CENT OF TOTAL SYSTENM COST.
SYSTEN COST « § 9.03 nrLiiow.

WNICR oPTION?
-




3
TRU IDENTIFICATION?
«FABO

EQUATION " ” "
161000, 1337). 1083,

EQUATION " " "
0. 1838, 149650,

WRICH opTION?
L1
coL
coL
coL
coL
coL

SE IDENTIFICATION

FRACTIONAL ST RQNT-BASE (CONMPUTED)
TOTAL ST RQMT-BASE (INTEGERIZED)
PRACTIONAL SE RQMT-DEPOT (CONPUTED)
TOTAL SE RQNT-DEPOT (INTEGERIZED)

i 2 b}

TESTSETL 0. 0.
TEsTSEIT? 0. 0.
TESTSEIY) Q. 0.
TESTSEIT: 2. Q.

VRICH orTION?




TRUS
OMDNEAN Xx30 AV OPIPE TOTCOND

Q.04 2.01 0.99%9 3. 2.
2.02 0.00 0.9999 L. i
0.49 9.00 0.9991 i5. 3.
‘.84 2.01 0.99487 162. 1.
4.5 .01 0.9946 133. i9.
.42 0.01 2.9948 i3. 2.
$.23 0.¢0 0.9977 154, 2.
2.94 0.00 0.99717 9l. 7.
§.69 2.00 0.9988 207. s,
191 0.00 0.999% 59. ‘.
8.2 2.01 0.996) 5L, i7.
$.91 90.01 0.997% 183, i13.
1.33% 2.2%0 0.9984 1. 3.
1.27 0.00 0.9988 «0. 3.
.53 0.91 0.9968 9. 6.
T2 0.01 0.9944 210. 15.
.87 2.20 0.9581 89. 6.
1.68 2.00 0.9988 3. 6.
1.48 e.00 0.9993 17. 6.
.78 .01 0.9971 : 148, i0.
4.29 .01 0.9970 il0. 9.
2.9 0.00 0.99483 707. 8.
1.5 g.01 0.9964 a9, ‘.
2.%7 0.00 0.99488 7. 1.
.97 2.00 0.997% 2. 7.
T.84 0.00 0.9980 13s. is.
D.148 0.00 0.99%7 5. 1.
0.38 2.01 0.9961 12.
Q.18 0.01 0.99%40 S.
0.13 .00 0.9998 ..
0.64 2.00 0.997s 0.
.18 0.03 0.9844 67.
Q.48 .00 0.9992 i5.
0.29 2.00 0.9999 9.
0.38 0.01 0.9961 12.
0.74 2.01 0.993%9 3.
0.012 0.00 0.9999 1.
0.08 2.00 2.9992 1.

=
.

Dl ™

I S
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PEAK TOTAL
orr-gQuir TOTAL orr-gQuce
wuc GENS CENS GENS

FAAAD 15.36 17.78 3.l
FAARO Q.44 8.89 0.89
FaACO 10.16 35.40 20.32
FAARD 101.33 213.3] 102.67
TAAGO 94.81 137.04 189.63
raaJo 8.89% 12.22 17.78
FAALO 109.9%0 274.78 119.80
FAAPO 61.54 136.75 123.08
TAAROD 140.00 .l 280.00
FAAUO 40.00 88.89 80.00
TAAWO 170.00 317.78 J40.00
TAATYO 123.64 174.758 67,27
FAA20 28.24 62.75 56.47
FAASO 26.67 $9.26 $3.3)
FAATQ $3.1) 118.52 106.67
raso 149.09 331.31 298.18
FABJO 60.00 133.3 120,00
FARKD 56.00 126,44 112.00
FABNO 52.00 115.56 104.00
TABRO 100.00 122.22 2100.00
TABTO #8.00 195.56 176.00
TABZO 480.00 1066.67 960.00
TAB3O 32.7) 72.73 65.45
TABSO 18.18 40.40 36.36
TAB?0 62.22 138.27 126,44
FACDO 160.00 155.56 320.00
FACKO 3.3 T.41 6.67
TACPO 8.00 17.78 16.00
FACRO 3.3 7.4l 6.67
FAC4Q .67 5.93 35.3)
FACTO 13.33 29.8) 26.67
TADBO «5.00 100.00 90.00
FADDO 10.00 12.22 20.00
TADKO .00 13.3) 12.00
FARAD 3.00 i7.79 18.00
TANAD 15.5¢6 77.78 .l
TANCO 0.44 8.85 0.89
FAYO L.49 $.93 .37

WHICH orTION?




9
wuc NOUX

TAAAOD  PANEL
FAABO  MAINTENANCE
: A FAACO  PANEL
b FAAEO  CARD
FAAGO  CONVERTER
FAAJO  CARDPILE
FAALO  GENERATOR
TAAPO  CONVERTER
: TAARO  GENERATOR
- FAACO  PRESSURE
. FAASO  INPEDENCE
FAAYO  PANEL
PAA2O0  POWER
FAASO  POVER
FAATO  SYNCERO
TA0  PANEL
FABJO  PRINTER
TABKO  NULTINETER
TABNO  OSCILLOSCOPE
FASRO  READER
FATO  ANALTZIER
TABIO  COUPLER
FARIO  PoWR
FABSO  TRANSFORMER
, TA370  COUNTER
3 FACDO  SWITCHING
g FACKO  ADAPTER
TACPO  3COSBY
TACRO  RATE
PAC40  TINE
TACTO  anp
TADSO  EXT
FADDO  SANPLING
TADED  BATT
FAZAO  MASS
TAMAO  PANEL
- FANCO  GENERATOR
PATS0  MAINT

.

e e A A S A A T

WHICH OPTION?
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