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CHAPTER 1I

INTRODUCTION

Statement of the Problem

The Aerospace Guidance and Metrology Center (AGMC)
at Newark AFS, Ohio, is a vital link in the Air Force's
logistics support network. AGMC's mission is to serve as
the single depot repair agency within the Air Force for
both missile and aircraft inertial equipment. Although
primarily concerned with work of Air Force origin, AGMC
also handles work from the other Military Services. An
important portion of AGMC's work load is *“he repair of the
Minuteman III Missile Guidance Set (MGS).

The importance of maintaining strategic missile
operational capability dictates that AGMC be able to cope
with current MGS work loads and to absorb changing work
loads. For example, the present average input rate of
repairable MGSs to AGMC is fairly constant (9). If the
average input rate were to increase due to changing mission
requirements, the Air Force could well have a repair capa-
city constraint on an operational requirement. In such an
event AGMC managers would have to estimate what extra
resources should be committed to MGS repair. Currently,

there is no reliable method to render such estimates (9).
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This study will attempt to deveiop a valid method for esti-
mating what additional te<t/handling equipment and repair
technicians would be needed for increased input rates to

the Minuteman III MGS repair process.

Terminology

Because of the complex nature of the MGS repair
process and the many technical terms associated with both
the MGS and the repair process, the authors have inserted
definitions throughout the thesis. Through definition and
repetition of terms the authors hope to guide the reader
through the complex and often confusing termi£ology that
is an inevitable part of any technical discussion. Termi-~
nology given will be for the purposes of this thesis and
is not necessarily applicable to other studies.

MGS. The abbreviation MGS for purposes of :his
thesis refers to the Minuteman III Missile Guidance Set.

Inertial Guidance System Repair Process. Genet has

identified the depot level repair of inertial guidance sys-
tems as one of the most complex large-scale repair proces-
ses in existence. This complexity in repair is caused by
the multi-level nature of the MGS. There are usually at
least three distinct levels: the system level (MGS), the
major subsystem level (computer, gyro stabkilized platform,
etc.), and the component level (module boards, accelerome-
ters, etc.) (8:1). See Figure 1 on page 1ll. As a result,

the MGS depot level repair process includes different

SEGIR
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subprocesses at different levels of repair. For example,
a faulty Gyro Stabilized Platform (GSP) is removed from the
MGS at the first level of repair. The GSP then enters its
own repair process at the second level of repair. If, to
continue the example, an accelerometer in the GSP is found
to have malfunctioned, the accelerometer is removed from
the GSP and is then entered into its own repair process at
the component (third) level of repair. A degree of depen-
dency between the levels of repair does exist because the
higher levels of repair are dependent on the lower levels
for serviceable subsystems and components (8:1-3). A
detailed discussion of the MGS repair process is available

in Chapter 1I.

Repair Line. The repair line is the sequence of

events undergone by the MGS, or one of its subassemblies
or components, as it flows through its repair process.

Repair QOperation. Repair operation refers to the

technical operation that takes place at the repair station

on the repair line.

Repair Station. The repair station is the point

on the repair line where the repair resources of MGS test/
handling equipment and repair technicians come together to
perform a repair operation. For example, MGS test/handling
equipment is used by the repair technicians at the diagnos-

tic test station to accomplish the repair operation of

diagnostic testing.
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Repair Capacity. Repair capacity is the maximum

work load that a repair resource can process.

Repair Resources. Repair resources are the test/

handling equipment and repair technicians that perform the
MGS repair operations.

Queue. Queue refers to a waiting line that develops
when the work load at a repair station exceeds the repair
station's capacity.

Decoupling Inventories. Decoupling inventories

are stocks at major points in a production (or repair) line
that make it possible to carry on each of the major activi-
ties relatively independently of each other (3:17-21).
These inventories tend to reduce the dependence of one
activity on the other. For example, if, as in the case of
a MGS, Instrument X were removed from a higher-level
assembly and sent to another shop for repair, the higher-
level assembly could not be repaired until a serviceable
instrument X became available. However, by having spare
serviceable items available--by means of a "decoupling”
inventory--the repair of the higher-level assembly could be
accomplished without delay.

Service Level. A service level specifies that

average inventory stockouts not exceed a certain percentage
of demands (orders) received (3:24). For example, if
management were to specify a ninety-seven percent service

level, they would expect that, on the average, demands on
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inventory would be filled immediately ninety-seven percent
of the time. Conversely, an inventory stockout condition
with no assets available for issue should occur less than
three percent of the time on the average.

Recycles. The term "recycle" as it applies to a
complex repair process is the return of the repaired item
from some stage in the repair process to some earlier stage
becau;e of an unsatisfactory condition found at the later
stage (6:2).

Activity. For purposes of the simulation model, an
activity consists of either a repair operation or a trans-
fer.

Transfer. Transfer refers to the movement of the

item of interest between repair operations.

Transfer Fraction. Transfer fraction refers to the

fraction of time that items subject to the transfer are to
randomly move to a specified repair operation. For example,
Activity 6 which is a transfer occurs with a mean rate of
.5, therefore, fifty percent of all output from Activity 5
will on the average be transferred by Activity 6 to Activity
8. The remaining output of Activity 5 "falls through"
Activity 6 to 7.

Repair Resource Utility. For purpoées of the

! research effort, utility refers to the utilization of the

repair resource as a percentage of its repair capacity.

P s
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For example, a utility of fifty percent would indicate that
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a repair resource was operating at one-half capacity,

whereas a utility of 100 percent would indicate the repair

resource was working at full capacity.

Justification for the Research

With the ever-increasing attention being placed on
Department of Defense expenditures by Congress and the
American public, it is important to find methods of reducing
costs in all areas and at all levels of operations. Justi-
fication for the planned research rests upon the need for a
method to accurately estimate additional resource require-
ments for an increasing work load. For it is only through
the effective and efficient allocation of repair resources
that the MGS depot level repair expenditures can be mini-
mized.

Further justification rests with management's
general need for information pertaining to repair resource
requirements generated by an increased work load. The
increase in work load could be the result of wartime surga
conditions, such as occurred during the Vietnam Conflict,
an increase in weapon system deployment rate or a decrease
in the system's mean-time-~between-failures (9). In any
event, the maintenance of a strong defense posture by the
United States requires that the depot repair facilities be
capable of meeting programmed and unprogrammed increases in

work load. Management support for the research topic has
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been obtained from Mr. Russel Genet, Mr. Robert Hurst and

Captain Paul G. Hansen (9; 10; 11).

Scope of the Research

The research involves the building, validating
and exercising of a simulation model of the Minuteman III
MGS repair process. The model simulates the system level
repair process for the MGS and the subsystem level repair

process for the gyro stabilizod platform. Because of the

model's complexity and the limitations of time, simulation

of other subsystem or component repair processes were not

attempted. The model is only concerned with the repair

resources of test/handling equipment and repair technicians.

No attempt was made to determine adequacy of floor space

and utilities.

Objectives of the Research

The research objectives were, first, to build a
simulation of the MGS repair process that very closely

approximated the "real world" situation in existence at

AGMC. Once the simulation model had been validated (tested

to ensure it reflected the actual MGS repair process), the

simulation model was used to investigate the following
specific research objectives.

1. Determine what additional repair resources

were required at various increased MGS input rates.

PS4
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2. Determine which Depot Replacement Unit (DRU)l
decoupling inventories were adequate at various increased
MGS input rates. The adequacy of present decoupling inven-
tory stocks in terms of "days of supply" was determined by
comparing inventory requirements at the increased work load
with present AGMC stocks.

3. Determine the effect of a reduced recycle rate
on repair resource requirements at the normal average MGS
input rate. The possibility presently exists that an
alternative approach to increasing the repair capacity of
the MGS repair process would be through the reduction of
repair recycling, rather than the addition of more repair
resources. If it were possible to show through simulation
that a twenty-five percent reduction in recycling were
equivalent to a specified amount of addition repair
resources, AGMC would have a basis for determining whether
it would be more cost effective to reduce the recycle rate

or to add repair resources.

Research Hypothesis

A simulation model of the MGS repair process can
be developed that reflects the actual MGS repair process

at AGMC.

lA Depot Replaceable Unit (DRU) is 2 component or
subassembly which can only be removed from a higher
assembly at the depot.

B i o S .d
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Research Questions

After the MGS repair process model has been vali-
dated to ensure it reflects the actual MGS repair process
it will be used to answer the following research questions:

1. For increased average MGS input rates, what
additional repair resources are required?

2. Tor increased average MGS input rates, which
Depot Replaceable Unit (DRU) decoupling inventories have
adequate assets?2

3. For the normal average MGS input rate, what
effect does a twenty-five percent reduction in the repair

recycling rate have on repair capacity requirements?

2For purposes of this thesis, DRU decoupling inven-
tory assets were considered to be adequate if there was
sufficient stock-on-hand to support the MGS repair process
for a minimum of five days. The selection of five day
minimum for stock-on-hand agrees closely with what Mr. Hurst
of AGMC deems adequate (11).
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CHAPTER II

THE MISSILE GUIDANCE SET REPAIR
PROCESS AND RELATED CONCEPTS

The purpose of this chapter is to provide an over-
view of the MGS repair process and a brief discussion of

subjects relevant to a complex repair process.

Missile Guidance Set Description

The Missile Guidance Set (MGS), when installed, is
located abeve the third stage of the missile and contains
the airborne equipment used for flight. The purpose of
the MGS is to place the missile on a ballistic trajectory
that would impact a designated target. To perform its
function, the MGS evaluates flight information and corre-
lates it to target data, determines deviations from desired
fligpt path, and sends flight correctional information to
the flight control system (18:iii-v).

As an assembly, the MGS is very complicated and
employs some of the most advanced technological concepts
which in turn demand exacting repair skills and standards
(8:1-4). The MGS has several levels of assembly. At the
highest level, the system level, the MGS is comprised of
the body, cabling and five major subsystems, as illustrated

in Figure 1. The five major subsystems make up the

10
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- Missile Guidance
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|
i | I |
s Amplifier Missile MGS MGS
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Control
Computer |
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i Gyro Stabilized |
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\
: : Pendulous
Accelerometer
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Figure 1. Missile Guidance Set Major Components
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subsystem level and the components within the subassem-

blies, such as the PIGA, make up the component level.

Overview of the Missile Guidance Set
Repalr Process

When the MGS malfunctions it is removed from the
missile, packed into a specially designed container and
shipped to AGMC, Newark AFS, for repair. AGMC is responsi-
ble for all levels of repair on the MGS. This means that
AGMC is not only responsible for returning serviceable
MGSs to the field but also for the repair of all lower level
assemblies and components within the MGS (9; 11).

The repair of a MGS primarily involves the use of
men, equipment, materials and information, organized into
repair lines. Within each level of assembly, from the MGS
down, there are repairable subsystems and components each
of which is processed through its respective repair line.

In essence, a repair line is comprised of repair
stations which perform repair operations‘;n MGS systems,
subsystems, and components. Repair lines are also given
some semblance of independence from each other by the pro-
vision of decoupling inventories, even though they are
always interdependent in the long run (8:1-4).

Repair operations are tasks that may be performed
on a repairable item from the time it first enters the
repair process to the completion of final testing for

serviceability. Although all components, e.g., GSP, would
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undergo some repair operations, not all operations are per-
formed for every component repaired. On the other hand,
some operations are repeated several times, often unneces-
sarily. Such repetitions are known as recycling which will
be discussed later on in this chapter. Typical operations
are: malfunction verification, removal of failed part,
selection of a serviceable pcrt from the decoupling inven-
tory, installation of the serviceable part and functional
test.

As illustrated in Figure 1, the MGS contains five
major subsystems each of which is repaired (when needed)
independently of the MGS. During repair of these sub-
systems other components are removed and replaced, which in
turn are repaired independently of their higher level
assembly. As an example, at the first level of assembly
(and repair), the GSP may be found faulty and removed from
the MGS. During repair of the GSP (second level) the
Pendulous Integrating Gyroscopic Accelerometer (PIGA) may
be replaced. The PIGA would then be repaired at the third
level during which other components might be replaced and
sent to yet a fourth level of repair. Similar levels of
assembly and repair exist for the other subsystems of the
MGS. Brief descriptions of the MGS and GSP repair lines

follow.
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MGS Repair Line

In the repair of a MGS some twenty basic repair
operations may be performed. The process starts with
receipt of the unserviceable MGS and ends wi£h stage~out
and shipment of a serviceable MGS. After receipt and before
actual repair work can begin, specific documents have to be
initiated to accompany the MGS throughout repair. This
operation is referred to as data acquisition, and one
important part is to obtain details of past repairs on the
MGS from a computer record. Subsequent repair operations
can be broadly categorized_as diagnostic checks, repair,
remove and replace, or performance tests. Table 1 lists
all MGS repair operations. Each is numbered so that it
can be related to the ascociated flow diagram of the process
given in Figure 2.

As may be seen in Table 1, several remove and
reblace operations exist. The one of importance here is
Number 21, Remove and Replace the GSP. The mechanics of
a remove and replace operation are not so simple as might
be implied by Table 1. By referring to Figure 3 it may be
seen that the removed GSP is sent to its repair line (second
level) and that a serviceable GSP, if there is one, is taken
from the decoupling inventory and installed in the MGS.

If the decoupling inventory is empty, i.e., there is no
serviceable GSP to install, the MGS is removed from the

repair line and put into an awaiting-parts holding area.
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TABLE 1

MGS REPAIR LINE OPERATIONS

REPAIR OPERATIONS

Activity
Number *

Description

O N U W N

11
13
15
Tl
19
21
23
25
27
28
31
34
35
36

Preparation

Stage-in, Data Acquisition
Malfunction Verification/Diagnostics
Repair DC-2

DITMCO--Wire Harness Check

Inspect and Repair Shields
Overstress Check

Refurbish Parts

Remove and Replace B.W. Harness
Remove and Replice Trans. Detector
Remove and Replace P-92 Control Box
Remove and Replace GSP

Remove and Replace D-37D

Remove and Replace MGS Computer
Repair B.W. Harness

Functional Test

Performance Test

Wing V Bias

Stage-out and Minor Repair

Ship

*Numbers are Activity Numbers of repair operations.

Intermediate numbers are other activities comprised of

transfers.

Therefore, activities are comprised of repair

operations and transfers.
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Once the GSP repair line produces a serviceable GSP, it is
installed in the waiting MGS. The MGS can then be put back
into the repair line, normally at the point from which it
was withdrawn.

The purpose of Figure 2 is to show the flow of work
and the inférdependence of operations. The following
features of a typical repair line can be seen on the dia-
gram: (1) serial flow, e.g., operations 1 through 3 are
performed sequentially; (2) parallel flow, e.g., operations
14 through 23 which can be performed independently;

(3) bypassing certain operations, e.g., operations 5 and 13
are not always performed on every MGS; and (4) feedback
(recycling), e.g., MGS failing tests of operations 28 and

31 and being returned to the repair line at operation 3.

GSP Repair Line

A description of the GSP repair line would be almost
identical to that just given for the MGS and therefore will
not be repeated here. However, the appropriate table and
operations and flow diagram are given in Table 2 and Figure
4 on the following pages. Also as was done for the MGS,

Figure 5 shows in more detail what is happening at GSP

-

{ repair operation number 70, Remove and Replace the PIGA.

Related Concepts

To illustrate the scope of the problem, several

maintenance concepts need to be briefly reviewed. These
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TABLE 2

GSP REPAIR LINE OPERATIONS

REPAIR OPERATIONS

Activity
Number

Description

51
52
54
55
56
58
60
61
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96

Stage-in

Data Acquisition

Malfunction Verification/Diagnostics
Remove Housing

Remove Shrouds

Minor Repairs

Modify B.W. Harness (TCTO-607)

Open Functional Test

R and R* Electronic Modules

Change I.D. Plate

R and R Torgque Motor

R and R Gyro

R and R PIGA

R and R GCA

R and R Normal Resolver
R and R Thermistor

R and R Cable Plug

Screen Modules (TCTO-668)

Repair Housings and Access Covers
Refurbish Parts

Repair Axis and Wire Harness

R and R Alignment Block

Relieve Cable Tension

DITMCO Wire Harness

Open Function of Repair Verification
Fine Balance

*R and R is Remove and Replace.
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TABLE 2--Continued
REPAIR OPERATIONS
Activity
Number Description
97 Clean, Inspect, Replace Housings
99 Fine Balance
100 Install Housings
101 Pre-Vibration Test
103 Vibration Test
105 Post-Vibration Test
107 Performance Test
110 Wing V Bias
112 Purge, Full and Leak Test
114 Repair Leaks
115 Stage-out
CUE TR T AN T I v e i i b ke i LB e B b es . .
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GSP Repair Flow Diagram

Figure 4.
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are: (1) reliability, of which MGS input rate is a func-
tion; (2) repair resources such as shift-work, overtime

and decoupl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>