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PREFACE

This report describes research that identifies and evaluates alterna-
tive logistics structures for high-technology subsystems used by major
U.S. Army weapon systems, using a new methodology to examine com-
bat logistics structures. The primary goal of this research is to demon-
strate the influence of alternative logistics structures on the warfight-
ing capabilities of combat units. A secondary goal is to provide a
model analysis employing new techniques that might guide U.S. Army
analysts in similar future evaluations. Ultimately, the research goal is
not only to support future weapon systems but to inform logistics pol-
icy and technical decisions being considered by the Army.

The topic of research was suggested to the Army by the Arroyo
Center when it seemed likely that the introduction of sophisticated
electronic systems in Army armor and aviation weapon systems might
complicate logistics support the same way it has complicated Air Force
logistics support. The concepts, tools, and techniques developed by
RAND’s Project AIR FORCE over the past decade might therefore
prove very useful to the U.S. Army. This research provided the vehicle
to test these concepts, tools, and techniques in an Army setting.

This research project, entitled “Improving Combat Capability
through Alternative Support Structures,” was sponsored jointly by
Headquarters, Department of the Army, Office of the Deputy Chief of
Staff for Logistics, and the Training and Doctrine Command Logistics
Center. Drafts of this report have been circulating within the Army
since March 1987 and comments received indicate that the research
should be of interest throughout the Army logistics community. This
research is being performed as part of the Readiness and Sustainability
Program of the Arroyo Center.

THE ARROYO CENTER

Operated by The RAND Corporation, the Arroyo Center is the U.S.
Army’s Federally Funded Research and Development Center for studies
and analysis. The Arroyo Center provides the Army with objective,
independent analytic research on major policy and management con-
cerns. Emphasizing mid- to long-term problems, its research is carried
out in five programs: Policy and Strategy; Force Development and
Employment; Readiness and Sustainability; Manpower, Training, and
Performance; and Applied Technology.
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Army Regulation 5-21 contains basic policy for the conduct of the
Arroyo Center. The Army provides continuing guidance and oversight
through the Arroyo Center Policy Committee, which is co-chaired by
the Vice Chief of Staff and by the Assistant Secretary for Research,
Development, and Acquisition. Arroyo Center work is performed under
contract MDA903-86-C-0059.

The Arroyo Center is housed in RAND’s Army Research Division.
The RAND Corporation is a private, nonprofit institution that con-
ducts analytic research on a wide range of public policy matters affect-
ing the nation’s security and welfare.

Stephen M. Drezner is Vice President for the Army Research Divi-
sion and Director of the Arroyo Center. Those interested in further
information concerning the Arroyo Center should contact his office
directly:

Stephen M. Drezner

The RAND Corporation

1700 Main Street

P.O. Box 2138

Santa Monica, California 90406-2138
Telephone: (213) 393-0411



SUMMARY

THE CHALLENGE

The U.S. Army needs to reexamine the adequacy of its combat logis-
tics structures and to consider alternatives, because its new high-
technology subsystems have components that are extremely expensive
and hard to maintain, and have wartime demand rates that are difficult
to forecast. The Army’s current logistics structure evolved to cope
with the very different problems posed by earlier generations of simpler
weapon systems, for example, repair of engines, transmissions, suspen-
sions, and so forth, involving primarily mechanical parts.

APPROACH TO THE CHALLENGE

To deal with these new high-technology subsystems, this research
project identifies alternative logistics structures and employs a new
methodology to evaluate them. Several of these alternative logistics
structures achieve much greater responsiveness to changing wartime
demands by using resources—like transportation and repair—that are
much more flexible than stocks of spare parts.

This research focuses exclusively on technologically sophisticated
subsystems and uses data on the armament and propulsion subsystems
of the M-1 Abrams tank. This focus was chosen on the assumption
that the current logistics structure treats less sophisticated equipment
problems adequately (e.g., starter failures, clogged filters, and broken
torsion bars).

High-technology systems have unpredictable removal rates—a
characteristic that will be compounded by the uncertainties of wartime.
The current logistics structure encounters serious difficulties and
expenses when it tries to provide every maneuver brigade or battalion
with operational test equipment, the “right” amount of repair parts,
and trained diagnosticians to repair and maintain technologically
sophisticated subsystems.
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ASSESSMENT OF ALTERNATIVE LOGISTICS
STRUCTURES

This research begins with a base case in which one set of M-1 tank
test equipment is located—as such sets currently are—in each Forward
Support Battalion (FSB). An FSB is located in each of the nine bri-
gades of a U.S. armored corps and is supported by the current distribu-
tion system. RAND’s Dyna-METRIC model is used to assess the costs
and benefits of alternative logistics structures relative to this base case.

The alternatives were selected to examine the influence of different
structural characteristics:

* Consolidating test equipment and associated personnel at
higher echelons—Main Support Battalion and Theater Repair
Facilities—to increase responsiveness to variations in demand
at lower echelons.

* Decentralizing test equipment and associated personnel to
maneuver battalions to increase battalion unity of command.

¢ Varying the amounts of test equipment and associated person-
nel to examine the effect on repair queues that form during
wartime scenarios.

* Increasing the spare parts distribution system’s responsiveness.

Each alternative is judged on how much it improves combat capabil-
ity, measured in tank availability, compared to its costs.

FINDINGS

The Army must either increase the responsiveness of its logistics
structures or invest inordinate amounts in inventories to prevent losses
in combat capability. At a minimum, consolidating test equipment at
the Main Support Battalion:

* Improves the availability of test equipment for items that most
affect combat availability ,

® Permits assessing repair priorities across three brigades, thus
increasing tank combat availability.

Improving distribution systems and management of repair facilities
can also increase the combat availability of tanks if the Army can
develop command and control systems that achieve the prerequisite
visibility over repair resources and stockage.

A three-pronged program of additional research will help the Army
attain the potential payoff shown by this initial analysis:



Identify and evaluate (in greater detail) additional alternatives
for improving the transportation and distribution system.
Develop ways to integrate existing and emerging logistics and
operations management information systems to achieve the
greater degrees of command and control needed to manage
effectively and efficiently a much more flexible support struc-
ture.

Identify management improvements to make General Support
and depot repair/recycle times both shorter and, especially,
more sensitive to immediate combat needs.
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I. INTRODUCTION

THE CHALLENGE

The U.S. Army’s combat logistics structure has evolved over many
years. Why, then, is there a need to evaluate alternatives? What has
changed, and what will change in the future?

Simply put, the answers to these questions are threefold. The Army
has begun to use, and will continue to use, increasing numbers of tech-
nically sophisticated subsystems with components that are extremely
expensive and hard to maintain, and that have wartime demand rates
that are difficult to forecast. The Army’s current combat logistics
structure evolved to cope with the very different types of problems
posed by earlier generations of simpler weapon systems. These pri-
marily contained mechanical, hydraulic, and electric subsystems (e.g.,
trucks, personnel carriers, and earlier tanks) where problems were easy
to diagnose, test equipment was simple, and repair parts were relatively
cheap.

Hard-To-Maintain Items

The Army is currently introducing more than 300 new systems,
many with sophisticated and highly integrated subsystems that use
computers and other complex electronic and electro-optical equipment.!

Complex subsystem faults cannot be diagnosed or repaired by tech-
nicians alone. They also require sophisticated test and diagnostic
equipment, which in turn complicates the logistics process and
increases the associated capital expenditures. Compared to repair of
simpler, more mechanical systems, repair of these complex subsystems
has decreased maintenance flexibility (i.e., no alternative tools, test
equipment, or parts) and has increased the potential for misdiagnosed
faults. Particularly difficult to accommodate are major weapon sys-
tems like the M-1 Abrams tank, the M-2/3 Bradley infantry fighting
vehicle, and the AH-64 Apache helicopter. All such new systems have
multiple electronic components, and some have highly sophisticated
turbine engines. Similar high-technology components in Air Force sys-
tems have been found to require an integrated, responsive maintenance
and supply system.

1A recent Army Materiel Command (AMC) survey showed that 131 systems have
embedded computers, and this trend is growing (see Ref. 1).



It is not clear that current Army logistics structures can fully accom-
modate these technologically sophisticated weapon systems. Indeed,
the Army’s large investments in these weapon systems may be under-
mined if logistics structures cannot ensure their battlefield availability.

Expensive Component Cost

Potential inadequacies in the repair process are further complicated
by the high costs of individual components in these sophisticated
weapon systems. If broken components (LRUs—Line Replaceable
Units) and their subcomponents (PCBs or SRUs—Printed Circuit
Boards or Shop Replaceable Units) were relatively inexpensive (as are
components for more traditional tracked vehicles), then the Army
could buy enough spare components and subcomponents to overcome
temporary shortfalls in repair capability. However, sophisticated com-
ponents are usually more expensive, often by orders of magnitude.
Table 1.1 compares the costs of some M-1 tank low-technology and
high-technology components currently exhibiting high removal rates.

The M-1’s high costs move the Army in a new direction compared to
previous weapon systems. The top 20 LRU maintenance drivers of the
M60A3 tank averaged 3.2 removals per 100 hours, with a mean LRU
cost of $19,600. The M-1’s top drivers average 7.8 removals per 100
hours, with each LRU costing an average $53,500.2

Table 1.1

COSTS OF LOW-TECHNOLOGY AND HIGH-TECHNOLOGY
COMPONENTS ON THE M-1 TANK

Low-Technology Cost High-Technology Cost
Components (€3] Components $)
Track shoe assembly 119 Power control unit 23,254

Instrument panel 7,590 Thermal imaging system,
Centrifugal pump 4,630 thermal receiver unit 101,593

Storage battery 75 MI laser rangefinder 32,477

Starter motor 1,173 Thermal electronic unit 16,272
Body assembly, gunner’s

primary sight 45,809

SOURCES: Refs. 2 and 3.

2See Refs. 4 and 5.



High costs such as these make “buying our way” out of the problem
difficult—even more difficult when coupled with already high invest-
ment costs of the Test Measurement and Diagnostic Equipment
(TMDE) required at all echelons and of the highly skilled personnel
required to repair LRUs and PCBs. Thus in terms of total costs, buy-
ing repair components to support the current logistics structures is
many times more expensive than it would be for more traditional and
less technologically sophisticated components.

Forecasting Demands

One might be tempted, nevertheless, to pay these high costs as long
as they could guarantee the combat availability of the weapon systems
and as long as no other logistics structure was more cost effective.
Unfortunately, we cannot forecast resource needs with sufficient accu-
racy to ensure that larger inventories would cover wartime demands.

In part, the inability to forecast resource needs results from the
resource diversity of the logistics structures. Figure 1.1 is a macro-

characterization of the current logistics structure for the supply and

System objective Planning,
Programmil
Vehicle availability sle “ng"g s
and mission capabiiity Executi
Replacement at $
o Division/ Depot/

corps Transportation & (EAC)

organizational
= , S
-1 level ] supply distribution supply

Operating tempo

Removal at L

organizational Division/ Depot/ C—O—t-h—:

leve! corps Retrograde (EAC) her
repair repair Iooatlons:

Fig. 1.1—The current logistics structure for recoverable
repair parts (Class IX)




repair of recoverable repair parts (Class IX).> The support system for
major weapon systems contains many thousands of personnel. Since
no single person or agency can direct such a large collection of activi-
ties, it is divided into several functions (e.g., maintenance, supply, and
transportation) and into echelons within these functions (e.g., supply is
divided into retail and wholesale, and maintenance is divided into
several echelons from the unit to the depot).*

If we examine tanks in particular, we see—and intuition suggests—
that as the operating tempo increases, removals of failed (or apparently
failed) LRUs also increase. These removals could be conducted by
organizational-level personnel. However, the forward support battalion
support teams often perform this task. These personnel replace the
removed LRU, if a spare one is available, from the Prescribed Load
List (PLL) or Authorized Stockage List (ASL). The LRU is then
transported to the brigade/division support area to be checked using
the appropriate TMDE. When the fault is located, maintenance per-
sonne] replace the appropriate PCB and return the LRU to serviceable
status. PCBs and some LRUs can be repaired only at the corps level
or at echelons above corps (EAC)—such as theater facilities, AMC
depots, or contractor facilities.

Movement of serviceable and reparable components among these
echelons requires a transportation and distribution system. To main-
tain the tank’s availability, each function and echelon needs to have
the proper resources in terms of LRUs, PCBs, TMDE, management,
and transportation to ensure the availability of serviceable components
each time a removal occurs.

Currently the Army attempts to place sufficient wartime resources
in each function at all echelons, which implies the ability to forecast
wartime demand rates. Unfortunately, accurate forecasts are impossi-
ble for three major reasons:®

1. Resource demands fluctuate erratically, thwarting forecasting
even in peacetime. Figure 1.2 shows three years quarterly

3Repair parts (Class IX) can be classified as “recoverable” or “not recoverable.” This
report focuses on recoverable repair parts, which normally cost more than nonrecover-
able ones.

4The Planning, Programming, Budgeting, and Execution System (PPBES) provides
resources that are allocated among the functions and echelons. Unfortunately, there are
long time lags and misconnects between the PPBES level and the operating levels’ allo-
cation decisions in the Army (and other services), so the resources finally allocated often
do not match current needs.

5In addition, difficulties of integrating the interdependent functions and echelons
magnify forecasting problems. Each function uses performance measures only loosely
related to combat availability (e.g., transportation uses ton-miles; the depot uses
manhours per unit produced; supply uses fill rate measures).
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removals, whether coded as failures, faults, or no evidence of
failure, for all the M-1’s fire control system components for
three battalions from the Sample Data Collection (SDC) sys-
tem. Disaggregating the data to show monthly or weekly
events or removals for individual battalions would reveal even
greater variability. No supply system currently provides
repair parts in a way that can handle such erratic fluctuations,
and for technologically sophisticated subsystems, the implied
supply purchase costs would be very high, if appropriate provi-
sioning computations were incorporated. (Section II discusses
this variability further.)

Wartime demand levels depend upon wartime activity levels
(or tempos), and these activity levels can be forecast only by
employing planning contingency scenarios. However, it is
unlikely that a real contingency will ever match a planned
scenario. So resources developed for a particular planned
scenario will often not cover peak requirements in an actual

Mean 11.8 removals/1000 hr

1982 1983 1984

Fig. 1.2—Highly variable demand rates: M-1 fire
control system



contingency. This is especially true as the Army plans greater
variability in its combat tactics.®

3. Growing enemy capabilities create greater and increasingly
unpredictable threats to repair, supply, and transportation
resources. Thus, even if one could accurately compute and
stock the number of repair parts that would be needed, enemy
attacks could well destroy portions of these stockpiles and the
critical TMDE needed for fault diagnosis.

For these reasons, Army provisioners undertake a frustrating exercise
whenever they attempt to forecast the wartime demands of LRUs for
technologically sophisticated weapon systems like the M-1 tank. Since
they cannot accurately forecast the repair parts they will need, they
cannot ensure combat vehicle availability merely by purchasing an
apparently adequate amount of spare LRUs.

Although forecasting problems undoubtedly existed with older and
less technologically sophisticated subsystems, those subsystems’ diag-
nostic procedures were simpler to perform, their repair systems were
naturally more flexible, and their spare parts were cheaper. These sub-
systems typically depended on people for repair, not on expensive
TMDE, and field fabrication of repair parts was often possible. The
crew of a World War II tank needed no special equipment to tell them
of a problem with their turret drive, and they could often mend the
broken subsystem using “make do” tools and repair items.

By contrast, the repairer of the M-1 cannot improvise a transistor
the way his World War II counterpart could improvise a mechanical
fix. Technologically sophisticated subsystems depend more critically
on complex logistics structures, highly trained personnel, and good
fault diagnosis equipment—and provision of all of these becomes
increasingly difficult to ensure during wartime conditions. Thus if the
crew of an M-1 tank has a problem with its laser rangefinder, they
must depend only on the maintenance and supply system, with its
specially trained personnel, to return the tank to action. And if the
crew must resort to use of the manual systems, the M-1’s increased
firepower—paid for with scarce DoD dollars—is compromised.

SFor descriptions of increasing nonlinear operations, see Ref. 6.



RESEARCH APPROACH

How can the Army meet this challenge? We hypothesize that a
realistic solution involves developing and evaluating alternative logis-
tics structures whose more fungible resources—Ilike transportation and
repair—are made responsive to changing wartime demands.

The Army recognizes the problems posed by its technologically
sophisticated weapons and is currently considering measures to deal
with them. We believe that the challenge the Army faces involves
evaluating alternative logistics structures in terms of their responsive-
ness to unpredictable wartime demands. Thus our work not only
investigates alternative logistics structures but also demonstrates the
applicability of new tools that the Army can use to evaluate the effec-
tiveness of logistics structures in meeting wartime demands.

Initially using data on the armament and propulsion subsystems of
the Abrams M-1 tank, our research hypothesizes alternative logistics
structures and assesses their responsiveness—in terms of improvements
to combat vehicle availability—under contingency scenarios. We focus
exclusively on technologically sophisticated subsystems—not on such
problems as starter failures, clogged filters, and broken torsion bars.
This focus rests on the assumption that the current logistics structure
adequately treats unsophisticated equipment but encounters serious
resource allocation difficulties when it tries to provide every maneuver
brigade with operational test equipment, an adequate amount of repair
parts, and trained diagnosticians to repair and maintain technologically
sophisticated subsystems.

This research concludes that high demand variability creates the
need to pursue organizational and policy changes that increase the abil-
ity of logistics structures to adapt and react quickly. This requires
fostering a resource management system that can deal with the inevita-
bility of surprise and that tries to develop sufficient flexibility to
respond effectively and maintain combat capability. Such an approach
plays down trying to fulfill forecasted resource requirements that are
essentially unattainable and too costly. We explore responsive struc-
tures in this research, and the results suggest organizational and policy
changes to:

e Move the location of component repair,
e Increase the availability of special test equipment, and
e Improve distribution and depot management.

Section II delves more deeply into demand variability, and Sec. III
describes the approaches we used to evaluate alternative logistics struc-
tures. Section IV describes the conclusions and next steps in our
research.



Appendixes A through C describe, respectively, the variability of fire
control removal rates, fire control removal rates in the Field Exercise
Data Collection (FEDC), and the basis of our cost estimates for alter-
native logistics structures.



II. ANALYSIS OF DEMAND VARIABILITY IN
A HIGH-TECHNOLOGY WEAPON SYSTEM

Since plans for wartime logistics support must be made during
peacetime, they must account for a great number of uncertainties.
This section investigates how these uncertainties are likely to confound
standard logistics solutions for weapon sustainability, especially stock
buyouts of spare parts.

FOCUS OF ANALYSIS

Our analysis focuses on components in the M-1 tank that reflect the
greatest change in tank technology, cost, and complexity. Out of a
total of 205 LRUs on the M-1, we selected 19 in the M-1’s fire control
and stabilization system and 11 in its powerpack (see Table 2.1). All
these LRUs use relatively complex electronics technology; we focus less
on optics, microswitches, transmissions, and the like. Although these
LRUs constitute but 15 percent of the tank’s overall recoverable com-
ponents, they account for 56 percent of all its maintenance actions.
Moreover, these LRUs add the most value to tank performance. If a
tank were to lose its laser rangefinder, for example, it would operate
with only 63 to 66 percent of its previous combat effectiveness.!

In attempting to forecast the need for spares, estimates of mean
removal rates and variances about those means are of critical concern.
In particular, one needs to estimate the level of demand for spares, the
uncertainty surrounding that estimate, and the rate at which the mean
demand for spares varies over time, from unit to unit, and the like.
The mean values are typically believed to be related to activity rates—
that is, hours of operation, rounds fired, and miles driven.

Characterizing the variance in removals, our description focuses on
the M-1’s fire control and stabilization system. (Results for the power-
pack system are similar and thus will not be presented here.) Our data
come from a single data collection, the M-1 SDC, administered by the
Army’s Tank and Automotive Command (TACOM). This data base
covers the 11-month. period from October 1984 to August 1985 and
contains both removal and operational activity information for approx-

1Personal communication from Walter Clifford, Division Chief, Air Warfare Division,
AMSAA. For a comparison of M60 and M-1 effectiveness, see Ref. 7.
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Table 2.1
HIGH-TECHNOLOGY LRUS IN THE M-1 TANK

LRUs in the
Fire Control and LRUs in the
Stabilization System Engine System

Turret network box Turbine engine
Crosswind sensor Fuel nozzle
Computer Electrical fuel pump
TIS power control unit Electronic control
Gunner body assembly Electromechanical-fuel
TIS image control unit ‘ Fuel control
TIS thermal receiver Distribution manifold
Laser rangefinder Forward engine module
Turret drive electronics assembly Rear engine module
Thermal imaging system electronic unit Combustion liner
Servomechanism assembly Accessory gearbox

Servomechanism traverse

Line of sight electronic assembly
Panel assembly—upper

Slip ring assembly

Panel assembly—lower

Gyro assembly rate

Head assembly

Computer control panel

imately 170 tanks (three battalions) at three locations (Ft. Hood,
Texas; Schweinfurt and Bamberg, Germany).

We measure removal rates in terms of operating hours of the tank
rather than in terms of rounds fired. There are several reasons for this
choice. Most important, analysis of what factors explain or predict a
fire control and stabilization system removal shows that tank operating
hours and rounds fired are about equally good; in the logit model dis-
cussed below, both factors were of roughly equal significance and of
equal size. This should not be surprising; the M-1 fire control system’s
electronics tend to operate whenever the tank itself is operating.
Furthermore, it is not obvious that the act of shooting a round itself
places more stress on the system (and causes more failures) than keep-
ing the electronics hot.

Given little to choose between these two explanatory factors on sta-
tistical grounds, we focus on operating hours for other reasons. Calcu-
lating variance-to-mean ratios (VTMRs) on the basis of rounds fired
would be difficult, because no rounds at all were fired during most of
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our data time period (firing was usually concentrated in one or two
periods of the year). Available Army scenarios define tank tempos in
terms of operating hours; although that is not crucial to the argument
in this section, it improves comparability between the variance analysis
and the logistics modeling of Sec. IIL.

VARIANCE IN REMOVALS DURING PEACETIME

Variance in Removals over Time

Figure 2.1 demonstrates the variability of monthly removal rates in
the fire control and stabilization system in 1986. Overall, there was a
mean of 11.4 component removals per 1000 operating hours. Tradi-
tional provisioning methods assume that the VTMR equals 1; i.e., the
variance is the same size as the mean. VTMR is a well-established
concept in inventory theory and is used in many military supply
models, like the Army’s SESAME model. In inventory theory,
demands follow a Poisson arrival process, which has a VTMR of 1.
The further the actual VTMR is from 1, the poorer the fit of the Pois-
son model. In practical terms, if one bought spares assuming a VTMR
of 1, there would be shortfalls in the highest demand periods, depend-
ing, of course, on the responsiveness of the repair system.?

Of course, stocks are bought for individual components, not on the
basis of aggregate subsystem numbers. Table 2.2 shows VTMRs for
the individual components in the fire control and stabilization system.
Even though these VTMRSs tend to be lower than those found for some
other comparable systems®, almost two-thirds of fire control com-
ponents have VTMRs greater than 1.00 and thus diverge from assump-
tions normally made in supply models. Note as well that quite often

2This follows assuming a reasonable repair cycle time for the average LRU, on the
order of two weeks. In the worst month (July 1987), 87 removals occurred over about
3000 tank operating hours; with average repair time at about a half month, 41 LRUs
would be expected in repair at any one time. This falls outside the range of variance
anticipated by standard theory. The latter would expect 17 LRUs in repair at any one
time (3000 x 11.4 removals per 1000 hours x 0.5 month to repair), with variance equal
to 17, so two standard deviations above that of safety stock would imply that 17 + 8 = 25
spare LRUs are necessary to cover backorders.

3For example, a study of the F-16 gives an average VTMR for 156 recoverable items
of 3.73 (see Refs. 8 and 9). Note that the average F-16 VTMR covers a multiyear period,
whereas the average M-1 fire control VI'MR covers only 11 months. Shifts of means
over lengthy periods increase VTMRs. See also Ref. 10.
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Fig. 2.1—Variability of removals in the fire control and
stabilization systems (FY 1986 data)
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Table 2.2

VTMRS FOR INDIVIDUAL COMPONENTS IN THE FIRE CONTROL
AND STABILIZATION SYSTEM, FY 1985

Removals per

LRU 1000 Hours VTMR
Turret network box 1.80 2.94
Computer 1.29 0.88
Crosswind sensor 1.27 4.75
TIS power control unit 1.22 3.35
TIS electronic control 0.97 0.93
Gunner body assembly 0.95 0.73
Line of sight electronic assembly 0.82 1.94
TIS image control unit 0.78 0.66
TIS thermal receiver 0.72 1.51
Laser rangefinder 0.62 2.33
Servomechanism traverse 0.53 1.03
Turret drive electronics assembly 0.51 1.19
Servomechanism assembly 0.42 0.72
Panel assembly—upper 0.23 1.24
Gyro assembly rate 0.21 1.65
Panel assembly—lower 0.19 1.09
Slip ring assembly 0.19 1.58
Computer control panel 0.17 0.86
Head assembly 0.08 0.82
- Mean 1.55
All fire control LRUs 13.0 5.72

NOTE: The removal rates are often positively correlated so the
overall VT'MR is higher than if independence is assumed.

the VTMR is below 1; standard provisioning models may tend to over-
buy stocks for these items.*

In addition, the fluctuations of these VTMRs pose serious problems
for the logistics planner who must predict the need for spares. Modifi-
cations in some components, or problems cropping up in others, make
new VTMRs different from old ones. Consequently, the buyer will find
himself with great oversupplies of a suddenly more reliable component,
yet missing supplies for a component he had previously thought was
adequately covered. (See Appendix A for a comparison of 1985 and
1986 removal rates.)

“Though the VT'MR is a standard tool in the field, it is not a perfect measure (for
instance, it is not dimensionless). The coefficient of variation may also be usefully
employed to understand variance in removal rates.
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Variance in Removals over Geographical Locations

Demand rates change over locations as well as over time, as Fig. 2.2
illustrates. Differences arise from a variety of sources including vary-
ing maintenance practices, varying toleration of failed components, and
the varying punishment that tanks experience whether in garrison or
at the range. Such differences should be expected to continue in war-
time as units adopt changing combat postures.

PROJECTED VARIANCE IN REMOVALS DURING
WARTIME

As we have just seen, there are dramatic variances in removal rates
(over time and over geographical location) of high-technology com-
ponents during peacetime activities. This section investigates how
wartime—reflecting greater activity rates and uncertainties concerning
combat scenarios and enemy attack—will further increase these vari-
ances.
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Fig. 2.2—Variability in removals of the turret network box
over different geographical locations (FY 1985 data)
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Greater Wartime Activity Rates

During peacetime, the Army uses its tanks at a smaller fraction of
projected wartime activity than the other services use their weapon
systems. In typical airbase or sea operations, aircraft are flown at
rates that differ relatively little from anticipated combat rates.

For the M-1, it is a different matter altogether. One battalion-level
scenario projects a wartime activity rate of up to 350 operating hours
per tank in a 30-day period.’ In sharp contrast, we find that the aver-
age monthly peacetime activity rate for M-1 tanks is 27 hours—that is,
less than one-tenth this projected wartime activity. This makes
immediately obvious the relative difficulty of extrapolating M-1 repar-
able item removal rates to wartime activity levels, especially compared
to the Air Force and Navy systems.

Figure 2.3 demonstrates the peacetime activity rates for the M-1 in
the SDC. It summarizes the monthly activity of three battalions of
approximately 170 M-1 tanks over 11 months. In over half of the
roughly 1900 cases, the tanks were used fewer than 20 hours a month.
In 90 percent of the cases the tanks were used fewer than 60 hours a
month. We focused on the 10 percent of the cases when tanks were
used at greater activity levels to infer possible trends that may charac-
terize projected wartime activity rates.

Figure 2.4 demonstrates how variance increases at higher tempos.
Here only two extremes of the data set are considered: cases with low
activity (20 hours or fewer per tank per month) and cases with high
activity (60 hours or more per tank per month). Each dot reflects the
average number of fire control removals in a month per tank at that
level of activity. (There are fewer months represented on the high side
because in some months there were not enough high-activity cases to
be meaningful. In addition, to avoid problems of unequal sample sizes,
the low-activity cases were sampled so that there would be roughly
equal numbers of tanks in each month—around 25—for both activity
levels.) Figure 2.4 shows a much greater spread among high-activity
tanks than among low-activity ones; in fact, the standard deviation for
high-activity tanks is about twice as large as that for low-activity ones.

Figure 2.5 adds evidence on VITMRs. The VITMR is more than
twice as great for high-activity tanks than it is for the low-activity
ones. Moreover, the VITMR will probably be higher yet during war-
time, given that peacetime “high-activity” tanks are used at about
one-third the expected wartime rate.

5From a scenario developed by the Armor Center Directorate of Combat Develop-
ments.
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Fig. 2.3—Frequencies of monthly activity rates for M-1 tanks
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Fig. 2.5—VTMR in fire control system component removals per
tank per month by level of M-1 activity

Wartime activity levels will generate both higher variance and
higher overall demands. Statistical analysis suggests that the demand
rate itself (removals per hour of usage) is flat as tempo increases. We
find that the likelihood of removals increases in a manner roughly pro-
portional to the increase in activity and is especially true in the regions
of high tempos expected in wartime. This observation is supported by
Fig. 2.6, which employs a statistical method, the logit technique, to
relate the number of hours a tank is used in a month to the likelihood
of a fire control removal in that month.® The four-standard-deviation

5The logit mode! estimates the probability that a binary event (removal/nonremoval)
will occur at variable levels of the explanatory variable (here, hours). Given that for a
single tank in a single monxh, there tends to be either zero or one fire control removals,
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gray area represents the 90 percent confidence level; that is, we expect
approximately nine-tenths of all cases to fall somewhere in that spread.

Evidence from the FEDC, which records maintenance and usage
information on exercises at Grafenwoehr and the National Training
Center (NTC), gives partial validation of this result. The logit curve
based on SDC data predicts a removal rate of about 6.2 fire control
components per 1000 hours for tanks that operate at 60 hours per
month. Tanks at Grafenwoehr averaged around 62 hours and also
averaged a fire control removal rate of 6.5 per 1000 hours of tank
activity. At NTC, where tanks are used on average over 100 hours per
rotation, the fire control removal rate was curiously low at 3.3 removals
per 1000 hours. However, the unique character of operations at NTC
appears to explain this discrepancy. (See Appendix B.)

The direct effect of high variability is to limit the effectiveness of
standard stock provisioning. An example using the Dyna-METRIC
model (introduced in the next section) illustrates this effect. The
example estimates the additional spare parts needed in the present
logistics structure to achieve 80 percent availability of M-1 tanks at
high confidence in three divisions. Using just the LRUs studied in this
section, the model estimates the marginal costs at $96 million through
Day 60 of the war and $129 million when pipelines stabilize. This,
however, makes the standard assumption that all VTMRs equal 1. If,
as is argued here, VTMRs are at least three times greater than that in
peacetime, the recalculated costs for ensuring 80 percent availability
jump substantially: to $178 million through Day 60 and $213 million
when pipelines stabilize. That is, a tripling of VTMRs from the stan-
dard (though incorrect) assumption yields a near doubling in cost.

The situation is far worse if removal rates or VTMRs change
between the time the stock is bought and the war is fought. The $213
million to purchase 80 percent availability was based on 1985 SDC
removal rates and VTMRs. If, however, in combat the tanks suffered
removals as seen in the 1986 SDC data, that $213 million, instead of

standard statistical techniques, like regression, will not work. Logit generates a curve
that says not how many removals are associated with some levels of operating hours, but
with what probability a removal will occur in a single tank in a single month at some
activity level. (See Ref. 11.)

The effect is not truly proportional because of the nonzero intercept. Why this
should be the case—removals occurring when the tank is not in use—is not clear. It
could be a “start-up” effect (like a light bulb popping when switched on); or it might be
that failures occurring in one month are sometimes recorded only in the next month.
The available data are insufficient to resolve this issue.

In some additional analyses, we compared the effect of hours operated, rounds fired,
and miles driven on the probability of a removal occurring. The last variable had no
effect; the first two had coefficients that were highly significant (<0.0001) and of approx-
imately the same size.
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buying 80 percent tank availability, would yield only about 22 percent
fully mission-capable tanks on Day 60 and about 16 percent when pipe-
lines stabilize. Appendix A gives additional information on the effect
of such mismatches. -

Uncertainties Concerning Wartime Scenarios and Enemy
Attack

Purchases of spare components to satisfy wartime needs are also
based on assumptions concerning the wartime scenario. It is highly
unlikely, of course, that the projected wartime scenario will match the
war that is actually fought. Some simple excursions with the Dyna-
METRIC model, introduced in the next section, suggest that
equivalent increases in scenario variability and in demand rate varia-
bility (that is, VTMR) would degrade weapon system availability by
similar amounts.” Thus even without inherent demand rate variability,
there would still be uncertainty in removals across units.

Depending on the actual war scenario, different units may have
widely divergent numbers of working tanks. One excursion into a more
variable scenario showed that, on Day 90 of the war, for example, the
number of fully capable available tanks ranged from 70 percent to 0
percent of those remaining in a brigade, depending on how intensely
the units were pushed. Such major differences pose important ques-
tions not only about what to buy but where to put it.

In addition, enemy attacks on critical test equipment, personnel, or
spares will have effects comparable to those of unpredicted increases in
demand rates. They will add to the confusion caused by high variance
in demand rates and unpredictable patterns of fighting. They will raise
both the means and variances in the demand for parts even higher.

In summary, warfare is likely to embody so many sources of uncer-
tainty that the sustaining structure for high-technology weapon sys-
tems cannot expect to achieve high weapon system availability rates
simply by adding stocks of spare parts to the supply system. Conse-
quently, offsetting innovations must be sought in repair, transporta-
tion, communication, and information management—i.e., in the logis-
tics structure itself.

"One source of this scenario “variance” is how many hours tanks would operate in
particular postures. According to the Armor Center scenario, tank hours per day range
from roughly eight to 15 depending on whether the tank is disengaged or fully engaged in
an offensive. Increasing that spread to four hours (disengaged) up to 22 (fully engaged in
an offensive) would increase the spread of tank activity (variance about the mean
activity rate) by about a factor of three. Similarly, we compared the effect of the
VTMRs listed in Table 2.2, and more “warlike” VTMRs, which were a factor of three
greater. In both cases of increased variance, the effect on weapon system availability was
about the same: In the first 60 days of war, each source of added variance decreased
tank availability by over a quarter.



III. EVALUATING ALTERNATIVE LOGISTICS
STRUCTURES

Section II has shown that, for high-technology subsystems, there are
serious problems with the underpinnings of the current wartime sus-
tainability structure, largely because it depends so heavily on stock
buyout solutions. As a consequence, we need to evaluate alternative
logistics structures aimed at ensuring the wartime availability of tanks.
These alternative logistics structures must necessarily focus on increas-
ing flexibility in repair, transportation, communication, and informa-
tion management.

In this section, we demonstrate a methodology for evaluating various
alternative logistics structures. Part of this approach was initially
developed to help the Air Force ensure the availability of its complex,
integrated, high-technology equipment in combat.

After outlining the principles that guided our development of alter-
native Army logistics structures, this section describes the data and
model we used and the initial evaluation results.

PRINCIPLES USED IN DEVELOPING ALTERNATIVE
LOGISTICS STRUCTURES

Two mutually compatible logistics philosophies guided our develop-
ment of alternative Army logistics structures: (1) responsiveness to
uncertainty and (2) complex maintenance performed rearward, coupled
with assured distribution.

The first recognizes that logistics structures for high-technology sys-
tems must deal responsively with uncertainties and complex inter-
dependencies among removals, failures, test equipment, repair, and
transportation. Such response requires a “system view” that gives
timely visibility to the importance that particular support items have
for achieving combat equipment availability. As Sec. II showed,
removal rates are very uncertain, with variances often larger than the
standard Poisson assumption used in stocking spares. So responses
have to be prepared to accommodate sudden bursts of demands. In
addition, removal rates in these systems are much higher than failure
rates because of problems in diagnosing faults with test equipment.
This means that many LRUs are removed in troubleshooting, but then
test “good” in repair. These LRUs are a significant part of the

22
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workload that test equipment must handle. Again, the system needs to
be prepared for this phenomenon. For most high-technology parts,
repair depends totally on the availability of both specific test equip-
ment and specific parts, typically the PCBs. Recognizing this is key to
having high responsiveness. Finally, at higher echelons of repair the
length of time that failed high-technology LRUs and SRUs remain
unavailable usually depends more on administrative delay time at a
node in the distribution system than on the actual transportation and
repair time. These delay times must be reduced through expedited
management.

The second view is consistent with the USAREUR Support Struc-
ture Study (US3),! which recommends:

a. A concept of maintenance which emphasizes component replace-
ment as far forward as possible and piece part repair as far to the
rear as logistically feasible. Concept reduces logistics burden on the
combat commander by moving most maintenance/repair responsibil-
ity from the maneuver battalion level to the support battalion (bri-
gade level). Concept also proposes a service maintenance facility that
would provide peacetime scheduled services and on-condition mainte-
nance services to all units on an area support basis. During wartime
this organization would serve as a reconstruction point.

b. A concept of distribution which features centralized management
of all distribution functions at each level of command, increased asset
visibility and a dedicated transportation service which provides
scheduled, responsive delivery of the highest priority items.

c. Logistic force structure based on workload rather than allocation
rules.

Taken together, these two views suggest that alternative logistics
structures should aim to increase the availability of fully mission-
capable tanks by (1) changing the location of LRU repair, (2) increas-
ing the availability of special test equipment, and (3) improving distri-
bution systems and depot management.

Changing the Location of LRU Repair

The high-technology components in the M-1 tank require an
integrated, responsive maintenance and supply system. The repair of
end items forward and the repair of SRU components such as PCBs at
echelons above corps can take advantage of the modularity of modern
high-technology equipment. These concepts leave open, however, the
question of the level at which high-technology LRUs should be
repaired. These LRUs are removed at the tank and currently repaired

!Prepared for the Deputy Chief of Staff for Logistics (see Ref. 12).
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at brigade level using complex special test equipment and SRUs such
as PCBs. These SRUs are now repaired at echelons above corps.
Alternative locations for. LRU repair include maneuver battalions, bri-
gade Forward Support Battalions (FSB), Division Main Support Bat-
talions (MSB), corps level, and echelons above corps.

Increasing the Availability of Special Test Equipment

For high-technology components, maintenance depends on special,
system-specific test equipment to diagnose and repair failed equipment,
removed LRUs, and their component SRUs. This makes test equip-
ment much more critical than in lower-technology components, where
much of the test equipment is not system-specific and where mainte-
nance personnel can more easily identify faults. Thus, a second con-
sideration to be addressed in the alternatives is the adequacy of the
special test equipment to deal with the workload. The workload
includes all LRUs removed in the course of troubleshooting the end-
item equipment, not just those that have failed. Removal of LRUs
that, when tested, exhibit “no evidence of failure” (NEOF) character-
izes the complex diagnostic problem associated with high-technology
equipment. Test equipment availability can be increased by consoli-
dating test sets, providing more test equipment spares, and making
improvements in diagnostic procedures.

Improving Distribution Systems and Depot Management

The third dimension to be covered is the question of alternative dis-
tribution systems (including transportation systems and command and
control systems) plus the question of the location of the echelon above
corps that will handle repairs beyond the capability of lower echelons.

Transportation resources can be used for many critical items and
can take advantage of the relatively small size and light weight of
high-technology equipment.

By an improved distribution system, we mean one that can provide
assured, regular transportation from the direct support LRU repair

2Because transportation capacity always falls short of demand during wartime, the
Army places great emphasis on having fully loaded shipments. Although this emphasis
might be appropriate for high-volume, high-tonnage items that make up the bulk of
transportation requirements, it is inappropriate for the critical, high-cost, small parts
that have the uncertain demand rates found in high-technology weapon systems. Even
dedicated transportation may make good sense for moving such parts. We estimate that
such parts could be provided for one corps’ M-1 tanks with a lift capacity of about 3000
1b per day. The alternatives computed in this section that use improved transport do not
move the engine or other bulky LRUs—these travel by standard systems.
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locations in the corps either to an in-theater repair facility or to a
direct link back to the depot repair facilities in the Continental United
States (CONUS). The intranodal handling, packing, and scheduling
time in typical distribution systems renders them unresponsive when a
combat-critical weapon system urgently requires a repair part. Even in
peacetime, distribution systems fail to differentiate well between priori-
ties for air cargo. This lack of differentiation will only become worse
during wartime, with increases in volume and in high-priority require-
ments. Examples of ways to improve distribution include tailored
transportation assets, “hub-and-spoke” systems based on timely
delivery, and information systems to help make priority distribution
decisions.

In large repair facilities (either in-theater or in CONUS depots), the
management systems need to concentrate on the timely repair of items
critical to weapon systems availability. Such concentration is equally
or more important than efficiency in the production process. Examples
of needed improvements to large facility management include informa-
tion systems to identify short-term weapon system availability prob-
lems, computational support to tie these availability problems to pro-
duction scheduling decisions, and internal improvements to increase
responsiveness in moving reparables and piece-parts to meet short-
term production scheduling decisions.

DATA

Evaluation of the wartime performance of alternative logistics struc-
tures requires data on the operational scenario, the maintenance and
repair process, war reserve stock requirements, test equipment availa-
bility, transportation, and damage to assets.

Operational Scenario

This study employs the Army Concepts Analysis Agency’s P9OE
COSAGE scenario of a Central European war to generate demands in
the Dyna-METRIC model. In that scenario, we model one corps and
all its divisions’ M-1 tanks. Thus, we exclude M-1s belonging to the
cavalry regiment or to the corps as a whole; their accumulated demand
would be very small compared to the divisional demands.

Our results are based on the daily tank activity of one armored and
two mechanized divisions. The former has six armor battalions, with
58 tanks each, and the latter two have five 58-tank battalions each, for
a total of 928 M-1 tanks. The scenario delineates postures for each
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brigade (or fraction of a brigade) for each day of a 120-day campaign.
These postures include offense, intense defense, and light static
defense. The Armor Center Directorate model of battalion-level force-
on-force combat provides average combat hours per tank for each pos-
ture; these range from 7.7 hours per day for light defense/static to 15.1
hours per day for full offense. Dyna-METRIC uses the brigade as the
unit of analysis. Each brigade is assigned an activity level (operating
hours per tank) for each day of combat, which applies to all tanks
available in the brigade that day.

The logistics structure of this three-division “corps” is standard
Army form (see Fig. 3.1). Each brigade has an FSB and each division
possesses an MSB. The three divisions are in turn linked to a depot in
CONUS (although a theater-level repair facility may be used). Repair
forward of the FSB is not modeled in detail here.

TRF = Theater Repair Facility (EAC)
CONUS MSB = Main Support Battalion (Division)
depot/TRF FSB = Forward Support Battalion (Brigade)
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Maintenance and Repair Process

Data used for the maintenance and repair process do not derive
from the usual data used in standard Army factors. The Army’s SDC
system data were used to characterize the rates of failure, removal rate
for LRUs, test equipment use and repair times, SRU use rates, and
indenture relationships of systems, LRUs, and SRUs.

War Reserve Stock-Level Requirements

War reserve stock-level requirements for theater and depot were
obtained from TACOM and Armament Munitions and Chemical Com-
mand (AMCCOM) for the LRUs of this investigation that they respec-
tively manage. It was assumed that the theater war reserve LRU stock
is positioned at the MSB. In addition, each division’s ASL was located
at the FSB and was derived from a recent Support List Allowance
Computation (SLAC) computation from AMC Headquarters. For base
case investigations, stock levels were assumed filled, but this was varied
in other runs. Wartime analyses assume that peacetime pipelines are
full.

Test Equipment Availability

On the basis of discussions with Army personnel on expected unit
movements and time to relocate, we estimated test equipment availa-
bilities at 50 percent for the battalion, 60 percent for the FSB, 70 per-
cent for the MSB, and 90 percent for a Theater Repair Facility (TRF).

Transportation

Transportation data were obtained for M-1 tank items from the
Logistics Intelligence File (LIF). These data were reviewed with other
LIF data and with the Uniform Materiel Movement and Issue Priority
System (UMMIPS) standards to arrive at the nominal estimates of 21
days order-and-ship time for serviceables and 28 days retrograde time
for reparables.

In any major European contingency, strategic and tactical transpor-
tation will be overloaded. A 30-day cutoff of repair parts, supply, and
retrograde to CONUS depots was assumed because most inter- and
intratheater transportation is involved with unit movement during this
period (Ref. 13). Besides reflecting the heavy loading of transportation
in the early deployment period, a 30-day cutoff is consistent with the
wholesale war reserve computation. For alternatives using a theater
repair facility or assured transportation, a 10-day cutoff was assumed
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because of inevitable lags in establishing support systems in the midst
of a major deployment.

Damage to Assets

The damage estimates are based on two sources. Test equipment
vulnerability factors are taken from a recent FMC Corporation study of
the vulnerability of wheeled vehicles to artillery (Ref. 14). For cata-
strophic and reparable damage to tanks we use M-I Combat Damage
Factors (provided by the Army Materiel Systems Analysis Activity
[AMSAA]). AMSAA developed these factors using its Sustainability
Predictions for Army Spare Components Requirements for Combat
(SPARC). Net attrition of tanks was based on number of tanks
destroyed (e.g., the SPARC data factor applied to the exposed tanks of
the P9OE scenario) subtracted from the number of available filler tanks
(e.g., shown in the P9OE scenario). Net attrition is included in all runs
but is small because of sufficient numbers of filler tanks shown in the
requirements.

THE MODEL

Quantitative evaluation of logistics capability requires the use of a
model that focuses on a measure of wartime capability (such as weapon
system availability), reflects a dynamic wartime environment, and
includes the known variability of demands (i.e., VTMRs not equal to
1). The model should also account for the integrated effect of trans-
portation, supply, and maintenance, and the availability of the weapon
system.

Over the last eight years, RAND (in Project AIR FORCE) has
developed Dyna-METRIC? to meet these criteria and has extensively
used it to analyze Air Force needs. Using a multi-echelon technique
for recoverable item control, Dyna-METRIC reflects wartime uncer-
tainties and dynamics in an integrated logistics structure with repair
and supply at different echelons. We have adapted this model to make
it applicable to the U.S. Army. Adaptations include extending con-
strained repair priorities, allowing multiple weapon systems to be allo-
cated at a unit, and aggregating LRUs to improve run time and input
and output changes. The model allowed us to represent NEOFs, test
equipment availability and capacity constraints, cross-substitution,
priority repair, repair part indenture, and repair overflows to higher
echelons.

3For a detailed description of the model’s mathematics and capability, see Refs.
15-18.
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Version 4 of Dyna-METRIC is expressly suited to conducting world-
wide analyses of logistics support for reparable components. It pro-
vides for three echelons of interaction (including the depot-to-theater
link) and three levels, or indentures, of components (for which demand
processes, repair processes, and spares levels may vary). It also con-
tains a submodel that assesses the effect of limited repair resources.
Output reports include capability assessments (for full- and partial-
cannibalization assumptions), lists of problem-causing components and
subcomponents, a depot workload summary, and recommended spares
levels.

The basic mathematics underlying the model computed the expected
number of components being processed by each function and echelon.
Dyna-METRIC represents component support processes as a network
of pipelines through which reparable components flow as they are
repaired or replaced within a single theater. Pipeline segments are
characterized by a delay time that arriving parts must spend in the seg-
ment before leaving. Some delays (e.g., local repair times) vary by
component; others (e.g., base-to-depot transportation time) vary by
base. The expected numbers of components in each segment, then,
depends on the rate at which demands occur and the time the com-
ponents spend in each segment.

Using the sum of all pipeline segments, Dyna-METRIC determines
the complete probability distribution for the number of parts in repair
and on order. Combining such distributions for all components pro-
vides the estimate of weapon system availability. The probability dis-
tributions are also used to compute spares requirements and to identify
problem-causing parts. In this requirements mode, Dyna-METRIC
recommends additional LRU, SRU, and subSRU stock to achieve fully
mission-capable systems at the lowest cost. The strategy employed
buys spares with a marginal analysis technique so that all LRUs jointly
achieve that goal.

SAMPLE EVALUATIONS OF ALTERNATIVE LOGISTICS
STRUCTURES

Using Dyna-METRIC, we evaluated alternative logistics structures
under a range of circumstances that fall into two main groups:

o Cases without battle damage to test equipment or tanks, and
¢ Cases with battle damage to test equipment and tanks.

We then estimated the dollar costs and operational benefits (i.e.,
expected tank availability) of each logistics structure.
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No Battle Damage to Test Equipment or Tanks

In the base case, each battalion is supported by nine sets of test
equipment and spares at its brigade’s FSB. Initially, the division’s
ASL is at the FSBs and the theater war reserve stock is available at
the MSB. The wholesale war reserve stock is in the CONUS depot. In
addition, each battalion is supported by the current distribution sys-
tem.

Figure 3.2 shows the expected availability of fully mission-capable
corps’ M-1 tanks in the base case scenario—tanks that can use their
high-technology systems at full specification levels. Tanks not fully
mission-capable are significantly degraded when they have to fire at
longer ranges, at night, or on the move. As shown in the figure, the
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Fig. 3.2—Expected tank wartime availability with no damage:
base case
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expected availability of such tanks? in the base case drops from 90 per-
cent at Day 8 to 55 percent at Day 30, continuing down to 24 percent
at Day 60 and 6 percent at Day 90. This occurs primarily because the
tempo increase used, although in agreement with Army scenarios, is
not currently included in its stockage calculations. Also, unlike the
Commodity Command failure factors, we account for the variability of
removals along with NEOFs.® As shown in the previous section,
operating tempo clearly affects removals, although with considerable
uncertainty.

Relocation of Test Equipment and Spare SRUs. Figure 3.3
shows two alternatives to the base case:

¢ Alternative 1 consolidates the nine sets of test equipment at
the MSB and uses the current distribution system.

¢ Alternative 2 increases the sets of test equipment to 16,
decentralizes them to the battalions, and uses the current dis-
tribution system.

In Alternative 1, the test equipment and spare SRUs are consoli-
dated at the MSB located in the division rear area. As Fig. 3.3 indi-
cates, this modestly improves tank availability by 6 to 8 percentage
points after Day 30. This improvement results from having the test
equipment and spare SRUs, grouped at the MSBs, support three FSBs,
thereby tending to average the variation seen at each FSB.® This con-
solidation also reduces from nine FSBs to three MSBs the number of
locations that have to deal with LRU repair and spares for LRU repair.
These advantages come, however, at the cost of longer transportation
times to and from the malfunctioning tanks. In addition, moving the
test equipment back to the MSB tends to reduce the battalion
commander’s control of repair assets.

Alternative 2 is a more “unit self-sufficient” approach that decen-
tralizes the LRU repair forward to the battalion trains. For this

“Reference to “fully mission capable” in all the following figures and text means the
expected value. Further, to present a realistic estimate of the fully mission-capable rate,
the analysis added the 13 low-technology LRUs with the highest removal rate. They
were the engine instrument panel, distribution box, fan and drive unit, fluid cooler,
transmission, wiring harness (mobility subsystem), engine starter, centrifugal pump, grip
assembly, control handle (fire control), periscope, valve and bottle assembly (fire extin-
guisher), and collimeter. Altogether, these 43 LRUs represent nearly 70 percent of the
M-1 LRU workload.

SFor the prime 13 items tested by the Direct Support Electrical System Test Sets
(DSESTS), the average NEOF rate is 44 percent and the range is from 22 to 65 percent.
The NEOF rate in wartime is likely to be higher yet. This effect is being explored in
on-going work and will be reported in the future.

The LRUs are left at the FSB to provide forward stocks.
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Fig. 3.3—Expected tank wartime availability with no damage:
consolidation of test equipment and spare SRUs

alternative, repair would usually be made at the field trains, but if the
combat commander felt that he needed even more responsive repair, he
could move it to the combat trains. Moving test equipment and spare
SRUs forward to the battalion trains requires increasing the number of
test equipment sets (DSESTS and Thermal System Test Sets—TSTS)
from nine to 16 to provide one set for each battalion. It reduces the
average time to and from the tank by three hours. This approach
improves availability after Day 30 to 30 to 40 percent.’

"When we increase the sets of test equipment from nine to 16 in Alternative 1, we
notice an even greater improvement (exceeding Alternative 2) because of the ability to
smooth loads.
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Alternatives 1 and 2 provide only modest improvements in system
availability because the depot pipeline is still very long—including the
28-day retrograde time, the 10-day administrative plus repair time in
depot, and the 21-day shipment time.

Improved Distribution and Responsive Depot. These resupply
times would be reduced, however, if transport from the Direct Support
(DS) units were regularly connected to an assured transportation link
to CONUS depots (or to a theater depot-level capability).

Figure 3.4 adds three additional alternatives:

e Alternative 3 keeps the nine sets of test equipment in the
FSB and improves the distribution system.

e Alternative 4 consolidates the nine sets of test equipment at
the MSB and improves the distribution system.

e Alternative 5 increases the sets of test equipment to 16,
decentralizes them to the battalion, and improves the distribu-
tion system. )

All alternatives that include an improved distribution system assume
that the transportation segments for serviceables and reparables are
reduced to seven days and serviceables are returned to units with
greatest need. Figure 3.4 shows that this would improve tank availabil-
ity dramatically without additional spares assets. After Day 30, availa-
bility under Alternative 3 improves to the 50 to 60 percent level,
availability under Alternative 4 improves to the 60 to 65 percent level,
and availability under Alternative 5 improves to the 60 percent level.
Limited peacetime data for the depot at Mainz show turnaround times
through the depot of over six months. This undoubtedly reflects the
lack of urgency in peacetime. Wartime urgency will improve turn-
around, and we have assumed so in our base case. However, additional
improvements in depot materiel handling and management are pro-
bably needed to meet the 10-day depot time we are using. In the base
case, we are fairly insensitive to this assumption because the relatively
long transportation times (49 days) leave slack for occasional
“expedited” transportation when faced with longer production times.
But in the improved transportation cases, it is critical that repair and
distribution be responsive to meet variation in demand. Our modeling
assumes that the most urgent items are always produced in 10 days;
such response will require advances in depot and distribution manage-
ment systems.

Purchase of Additional Test Equipment. Figure 3.5 adds one
additional alternative:
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e Alternative 6 increases the number of sets of test equipment
to 16, consolidates them at the MSB, and improves the distri-
bution system.

As Fig. 3.5 shows, adding seven DSESTSs to the MSBs modestly
improves availability in the MSB option to about 70 percent after Day
30. Tshis results from the reduction in queues formed at the test equip-
ment.

Extremely Responsive Distribution System. An extremely
responsive distribution system would bring even further improvements.
Achieving an in-theater electronics depot-level repair facility (or rapid
shipment to CONUS depots) with two days for transportation to and
from the facility and with a three-day in-facility administrative repair
time (for a total seven-day cycle) would be very optimistic but possible
if one considers an assured “Federal-Express-like” intratheater (or
perhaps fast intertheater to CONUS depot) transportation operation.

Figure 3.6 adds this additional alternative:

e Alternative 7 increases the sets of test equipment to 16, con-
solidates them at the MSB, and makes the distribution system
extremely responsive.

This would raise fully mission-capable tank availability to the 80 per-
cent level throughout the 120-day scenario, without requiring any addi-
tional stock.

These results demonstrate the importance of distribution and depot
system alternatives in achieving high availability rates in the face of
uncertainty. Such tradeoffs can only be examined using a methodology
that considers uncertainty of demands and the integrated support sys-
tem including transportation, visibility over resources, stock, priority
repair, controlled substitution (or cannibalization), intermediate test
equipment, and the depot or theater repair facility.

Excursions. Such a methodology also allows excursions to see the
effect of reduced resources. For example, Fig. 3.7 shows two additional
alternatives:

8The model limits queues to two days’ workload including handling times (before
evacuating them to a higher repair echelon) to avoid unrealistically long queues. This
makes the model roughly consistent with the 36-hour FM-43-12 guidelines (Division
Maintenance Operations, April 1986). In addition, there is a second DSESTS for auto-
motive maintenance in the FSB. For this analysis, we assumed that the Bradley Fight-
ing Vehicle workload requires all this test set’s capability. If later information shows
that this test set has unused capacity, it would reduce the costs shown for additional test
sets.
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e Alternative 8 decreases the sets of test equipment to six, con-
solidates them at the MSB, and improves the distribution sys-
tem.

o Alternative 9 decreases the sets of test equipment to five,
consolidates them at a TRF, and improves the distribution sys-
tem.

As Fig. 3.7 indicates, decreasing the number of DSESTSs (with associ-
ated personnel) at MSBs from nine to six would reduce availability for
Alternative 4 by 5 to 10 percentage points. In addition, consolidation
of repair at the TRF (with very fast turnaround and no MSB or FSB
intermediate repair) would produce 50 to 57 percent availability after
Day 30—which is equivalent to Alternative 3 but with a savings in test
equipment and personnel.

Battle Damage to Test Equipment and Tanks

Battle Damage to Test Equipment. Figure 3.8 illustrates the
dramatic effect that battle damage to test equipment can have on tank
availability. For the three cases shown, levels of risk to test equipment
were assigned as a function of distance from the forward edge of the
battle area (FEBA) and intensity of battle. The probability of test
equipment damage per set from enemy artillery fire thus ranged from
0.5 percent to 7.0 percent per day at the battalion level, from 0.25 per-
cent to 3.5 percent at the FSB, and stayed at a constant 0.25 percent
at the MSB. (A 30-day replacement period for any destroyed test
equipment was also assumed.)

In two cases, test equipment lost through attack had little effect.
For the base case (FSB + current distribution), this was because long
queues and overflow back to depot had already overwhelmed the test
equipments contribution. For Alternative 4 (MSB + improved distri-
bution), the distance from enemy artillery implies that little test equip-
ment should be lost.

In Alternative 5 (battalion + improved distribution), however, the
relatively great vulnerability of forward-deployed test equipment elim-
inates much of the advantage gained from having rapid turnaround and
increased test equipment.

Battle Damage to Tanks. Figure 3.9 illustrates the additional
dramatic effect of battle damage to tanks in combination with damage
to test equipment. For Alternative 4 (MSB + improved distribution),
virtually no tanks would be operable at the end of 60 days. This find-
ing reinforces the need for war reserve computations to include
allowances for battle damage to spare parts.

According to data in a recent AMSAA SPARC study of the M-1
tank, the replacement stock for LRUs at the end of 60 days of combat
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for a corps of tanks would cost approximately $116 million. Some of
these replacement LRUs could be made available by cross-substitution
from tanks awaiting normal reliability and maintainability (R&M)
repair. After computing these R&M removals, we were able to esti-
mate that only $55 million worth of additional LRU stock would allow
the same availability as would be attained without any battle damage.

Overall, these results show that dramatic improvements in sustaina-
bility can be achieved without increasing spares, but such improve-
ments depend on responsive, assured transportation and on responsive,
priority repair at theater repair facilities and depots. Such response
will require different depot management and distribution systems dedi-
cated to serving high-cost, critical spares assets for selected weapon
systems.

Costs and Benefits

Table 3.1 summarizes the costs and benefits of the alternative logis-
tics structures.” The benefits are shown as the average number of
tanks gained over the 120-day period through improved availability

Table 3.1
COSTS AND BENEFITS OF ALTERNATIVE LOGISTICS STRUCTURES
Structure Costs
Benefits
Test — Costof Cost of Stock

Alter-  Equipment No. Test Distribution Initial Tanks Alternative Buyout
native Location Equipment System Tanks Gained ($ millions) ($ millions)

Base case FSB 9 Current 306 — —_— —
3 FSB 9 Improved — +195 11.9 57
9 TRF 5 Improved —_ +239 11.1 72
8 MSB 6 Improved _ +260 83 74
4 MSB 9 Improved —_ +288 11.9 102
6 MSB 16 Improved — +353 203 - 149
7 MSB 16 Extremely — +450 20.3-41.3 232
responsive

9This cost evaluation uses marginal analysis. In it, we address only a small part of
the overall system—the high-technology components of the M-1 tank. We add or sub-
tract from existing multiweapon units; we do not totally restructure them. See Appendix
C for more detailed information on our cost analysis.
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from the alternative.!° With Alternative 6, for example, if (1) test
equipment and LRU repair is moved to the MSB, if (2) seven addi-
tional sets of test equipment are procured for the MSB, raising its total
number to 16, and if (3) the life-cycle cost of a Blackhawk utility hel-
icopter (for improved distribution) is included, an additional 353 tanks
are made available on average. This approach will cost $20.3 million."
By contrast, if one were to try to achieve this benefit by buying addi-
tional stocks, it would cost $149 million (and that availability might
still not be achieved because of the uncertainties in demand).}?> For
Alternative 9, the cost of the facilities is included along with decreased
test equipment and increased transportation costs. For Alternative 7,
upper costs are a rough estimate for a theater depot electronics repair
capability.’® (The same benefit might be achieved at lower cost by
using wartime intertheater air transport—whether using Military Air- .
lift Command (MAC),™ Civil Reserve Airfleet (CRAF), or commercial

10«Tanks gained” were calculated as follows. For each alternative, the average
number of tanks available over the 120-day period was computed; for the base case an
average of 33 percent of the tank fleet was available and for Alternative 3 an average of
53 percent of the tanks were fully mission-capable. Stock costs were calculated in the
base case that would allow a minimum FMC rate of 53 percent (at 90 percent confi-
dence) across the 120 days of combat. It should be noted, of course, that this weights all
120 days of combat equally and that most of the stock costs will be incurred to improve
tank availability in the second half of the time period.

11These costs include the acquisition cost of the test equipment, van, and 20-year
discounted cost of two operators. The cost of the helicopter includes the equipment,
crew training, and the 20-year discounted cost of two crew members, four enlisted
maintenance men, and annual operating costs; however, it excludes the cost of a distribu-
tion management system. We have assumed that the helicopter is assigned to a current
corps or division aviation unit.

12The analyses were performed with removal data from 1985; as Appendix A shows,
removal rates and variances changed considerably in the next year, adversely affecting
any inventory “buyout” solution. This reinforces the value of robust logistics structures
that emphasize repair and efficient distribution over increases in inventory. We plan to
extend our analyses to demonstrate the value of robust structures, especially in combined
arms employments.

13Qur analysis of the facility and equipment costs of M-1 repair at Mainz Army Depot
showed added costs of about $17 million plus $4 million to split the equipment among
two buildings for increased survivability (see Appendix C). However, until we know
more about depot repair and administrative handling times, we cannot know the ade-
quacy of this in-theater electronic repair capability. ’

40ne option for this transportation link is to use MAC C-141s to transfer com-
ponents between the theater and a CONUS aerial port. The weight and volume of the
high-technology M-1 components are small enough that only a partial C-141 load is
required. Once at the aerial ports in CONUS, priority handling procedures would be
applied to ensure rapid dispersal to the depots. The use of C-141s should result in no
additional costs.
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airlift’®—to link with the CONUS depot and using good distribution
control systems). In contrast (comparing Alternatives 6 and 7), the
cost to employ the stock buyout approach would require more than $80
million to gain the 100 additional tanks.

Overall, impressive gains appear possible from improving distribu-
tion and repair systems. The gains approach 450 tanks, and the costs
are likely to be far below the $232 million stock buyout costs per single
corps. Since the same management and distribution systems can be
used across weapon systems, there should be even greater combat gains
when the M-60A3, AH-64, M-2/3, and other high-technology weapon
systems are included. :

5The intra-CONUS link could be provided by narrow-body domestic aircraft under
CRAF agreements. In addition, it may be possible to arrange agreements whereby com-
mercial aircraft would be dedicated to the intra-CONUS network in wartime. Because of
the small weight and volume requirements, no structural modifications of the aircraft
should be required. Furthermore, the CRAF agreements usually do not require annual
payments in peacetime.



IV. CONCLUSIONS AND SUGGESTIONS FOR
FUTURE RESEARCH

CONCLUSIONS

This research shows—given the inevitable uncertainties in peacetime
and wartime demands—that the Army must increase the responsiveness
in its logistics structures or face a loss in combat capability. The
research also demonstrates a new methodological approach for assess-
ing logistics structures.

Certain conclusions are obvious, and the effects of their implementa-
tion are fairly clear. For example, moving the DSESTS to the MSB
improves the availability of test time for items that most affect combat
availability, and it permits priority allocation of repair capacity across
three brigades much more easily than would be possible by using
locally focused repair at each brigade’s FSB.!

Other conclusions are also obvious, but the effects of their imple-
mentation are less clear. For example, devoting a Blackhawk hel-
icopter and an associated distribution system to collecting and distri-
buting repair parts increases responsiveness and thus combat capabil-
ity. Additionally, if there were severe damage to one MSB’s capability,
assets could be shared more easily. But, can the Army achieve the
necessary visibility over repair actions and stockage and couple it with
current command and control systems?

Traditionally, field maintenance, supply, transportation, and repair
at echelons above corps have been functionally separate and have even
had separate measures of efficiency. The approach used in this study
provides a way to assess alternative improvements in the entire logis-
tics structure by comparing tradeoffs across separate functions. With
this methodology, the Army can more confidently assess the overall
effects of changing parts of its logistics system.

We have concluded that the Army can probably achieve large gains
in combat capability at lower than current costs by improving its logis-
tics management systems. To this end, we intend to concentrate our
future research on exploring ways to enhance logistics management
systems.

1A cushion against transportation uncertainties could be achieved by leaving some
ASL stocks at the FSBs.

42
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FUTURE RESEARCH

Our future research would determine the requirements for attaining
three main goals: improving transportation and distribution systems,
attaining necessary command and control systems, and developing
responsive GS/depot capabilities.

Improving Transportation and Distribution Systems

All responsive logistics structures that rely on consolidation of repair
assets will also need a distribution system consisting of a supply and
transportation system tied into a strong logistics command and control
system. For example, an alternative that employs a consolidated inter-
mediate repair facility in the theater and remove-and-replace mainte-
nance at the units would need assured transportation to move LRUs to
and from the facility. Trucks alone may not be sufficiently responsive
because the distances can exceed 200 km. And in wartime, specialized
European commercial delivering services, such as the Rapid II System,
may not be available (Ref. 19).

Technologically sophisticated subsystems have LRUs such as target
and gun positioning computers that are typically small and light.
Thus one or two utility helicopters with a 2000 to 4000 Ib lift capacity
could transport a division’s high-technology repair parts requirements
to a centralized facility. Several divisions’ repair parts requirements
might also be handled by a combination of trucks and Short-Take-
Off-and-Landing (STOL) aircraft, having, say, a 5000 to 8000 1b lift
capacity. Aircraft like the Dehaviland Buffalo or Air Force C-23A
would do. Or, helicopters could operate in a «Federal Express” hub-
spoke arrangement. The Air Force currently uses the European distri-
bution system of 18 low-cost STOL aircraft to connect over 40 loca-
tions (with 12-hour response) in a similar manner. Thus, fast theater
transportation is quite feasible for high-cost, high-technology, critical
reparables that are also small and lightweight. ,

In alternatives that require more responsive depots, transportation
becomes both more critical and more difficult to implement. The
requirement is to connect CONUS depots to theater facilities with
turnarounds measured in days, rather than weeks. The light weight of
transported components means that the Army could use a few narrow-
body aircraft, such as DC-8s or 707s, rather than C-5s. It may even be
plausible to use existing MAC aircraft in peacetime and, in wartime,
uncommitted narrow-body CRAF aircraft (or other commercial

2An entire corps of M-1 tanks requires only about 3000 Ib per day of sophisticated
repair parts.
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carriers) if MAC could not assure support. Connecting depots with the
theater distribution network® would allow such aircraft to be far from
the actual battle area.

Naturally, any transportation alternative that uses increased
numbers of aircraft would also have to be assessed in terms of
increased system costs, vehicle loss rates, and competition from other
sources for use of the aircraft.

Attaining Necessary Command and Control Systems

Responsive logistics structures also require an ability to “see” the
current state of stocks, the relative needs of combat units, and the con-
tents of retail and wholesale repair pipelines. For example, the Us?
study® forecasts the need to know (1) theater assets in all divisions
aggregated by corps and (2) total (across-corps) assets by theater. The
US? recommends having theater distribution centers distribute stocks
based on operational priorities and the state of current stockage levels.

Such enhanced command and control concepts make feasible the
idea of repairing components in priority order based on the changing
needs of weapon systems in combat. The Army is currently developing
systems that can serve as building blocks for such enhanced command
and control. It now has an automated Direct Support Units Standard
Supply System (DS*), and it will soon field the Standard Army Retail
Supply System (SARSS). In addition, the Army can potentially deter-
mine assets in depot pipelines by exploiting the LIF that records,
among other things, the movements of retrograde and serviceable
assets. Even with improved command and control systems, responsive
logistics structures will also require assured transportation, repair, and
supply assets.

Developing Responsive GS/Depot Capabilities

The Army has already developed theater repair facilities with some
depot-level capability in the European theater—an important capability
that should be recognized in any logistics alternative. The Army also
has some depot-level capability for PCBs in GS units. However, the
majority of depot capability currently resides in CONUS. Harnessing
these depots—with over 40,000 skilled workers and billions of dollars in
capital equipment and facilities—may provide the key to quicker and
improved combat responsiveness.

3Guch theater networks are recommended for the Army in Ref. 12, pp. 3-26 to 3-29.
Ref. 12, p. 3-5, pp. 3-9 to 3-15.
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Depots currently are expected to provide limited resupply and to
receive limited retrograde from combat theaters in the early days of a
conflict.® Their specialized capability is assumed effectively cut off in
the critical early days.

Tapping this capability would require increased attention to:

¢ Developing an assured airlift capability from the repair depots
to the theater. This might be an adjunct to (or an assured slice
of) the Air Line of Communication (ALOC) or other arrange-
ments discussed above.

* Selectively shortening depot repair and administrative process-
ing times.

¢ Selectively reducing the pipeline time (probably through airlift)
for those items most affecting combat availability. This will
require predictive methodology for identifying limiting com-
ponents and that, in turn, will require knowledge of the “state
of the theater.”

¢ Changing rules for depot induction and distribution decisions so
that requisitions most affecting combat availability are given
priority attention.® (One must be judicious here because of the
implications involved in changing management systems that
have been in place for years.)

Workloads programmed into the depots are currently based on infor-
mation from the Commodity Command Standard System (CCSS) and
negotiations among the Materiel Readiness Centers (MRCs) and the
Depot Systems Command (DESCOM). Much of the data they use are
projections based on demand rates that span a number of calendar
quarters and that are several calendar quarters old. As we saw above,
forecasting uncertain demands on the basis of old data can create
many mismatches. Workload needs to be based on the requirements of
the current—and not the past—state of the force, especially when rapid
transportation is made available.

In addition, the depot repair process is currently geared to raise pro-
ductivity, as measured by manhour utilization rates and units pro-
duced. To ensure wartime capability, the primary focus should be on
raising weapon system availability rates.

RAND’s Project AIR FORCE is conducting experiments at the Air
Force’s Ogden Air Logistics Center with a model called DRIVE (Depot

5Units in theaters currently try to compensate for such limited flows by stocking
depot spares. We expect that demand variability will cause this prestockage to be insuf-
ficient in many cases for many items.

5The Army has developed priority systems such as Aviation Intensively Managed
Items. Such systems may provide key ingredients to improve systemwide responsiveness.
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Repair Induction in Variable Environments). This model gives depot
managers ranked lists (both in wartime and peacetime) of items to be
repaired that would maximize the probability of achieving desired
availability rates (by weapon system and location) at a specified (but
not distant) future time. Army models like this would obviously
require information about the current state of divisions and weapons,
and this information may (because of mobility and the frictional wear)
be more difficult to determine in the Army than in the Air Force.
Nevertheless, the potential benefits of a model like DRIVE are so large
that we intend to assess current and potential abilities to gain such
information about Army repair processes and to study the pertinent
repair policies in detail.

Studies of GS/depot operations and resources naturally involve
examining the relative worth of GS facilities, CONUS depots, and
theater repair facilities. The methodological structure now available
enables us to make these evaluations. The approach needs repair and
processing data describing each GS/depot work center. These data
must be collected from within the current depot operation. Then the
Dyna-METRIC model and other analyses can be used to describe costs
and benefits of each resource.

Since the new Intermediate Forward Test Equipment (IFTE) may
supplant most electronics TMDE both in the field and at depots, we
think it fundamental to include it in examinations of the relative value
of GS, depot, and theater facilities. We expect to provide data that
would be useful in IFTE planning.

GS and depot workloads come from many weapon systems, so we
need to expand our analysis base. We expect to include the AH-64
Apache helicopter next. Given that it currently is in an early stage of
procurement, we may be better able to influence logistics structural and
resource decisions relating to this system than we could for older
sunk-cost systems like the M-1.



Appendix A

VARIABILITY IN FIRE CONTROL REMOVAL
RATES

Stockage policies must base their component buys on available
peacetime data. Unfortunately, data on weapon systems removals are
not consistent over time.

Comparison of SDC data covering two years demonstrates the fluc-
tuation in fire control removal rates and VTMRs and we suspect that
this high variance would persist whether longer or shorter periods were
studied. If longer periods were used, variance could stay high because
of component modification and aging of the weapons; over shorter
periods, the small sample sizes could keep the variance high.

Tables A.1 and A.2 show removal rates and VTMRs, respectively,
for selected fire control components on the M-1 tank in 1985 and 1986.
Data come from the same three battalions (Ft. Hood, Schweinfurt and
Bamberg, Germany) in both years; more than half of the actual tanks
carry over between the two years.!

Although the overall removal rate did not change appreciably
between the two years, there was great change in the individual com-
ponents’ removal rates from year to year. In 1985, the turret network
box and the computer created significant problems but became less of a
problem in 1986. Components of the thermal imaging system showed
far higher removal rates in 1986 than in 1985.

Overall variance was much greater in 1986 than in 1985. The indi-
vidual VTMRs show that the thermal imaging system components
were a particular problem in 1986: Not only did their removal rates
increase but so did their VTMRs, and the latter precipitously.

Clearly, ordinary stockage calculations not only dictate extensive
(and expensive) inventories, but they also frequently recommend the
wrong inventories. Unless removal rates in war match those used in
peace to determine stock levels, there will be shortages no matter how
much money is spent. For one example, if stock were bought on the

The data cover October 1984 to August 1985 and October 1985 to August 1986.
Monthly activity rates are calculated based on cumulative totals from month to month.
Since the earlier data (from 1984) were not available, it was not possible to generate
activity data for September 1984; to balance the number of months, we also deleted Sep-
tember 1985, giving us two sets of eleven months each.
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Table A.1

SELECTED FIRE CONTROL AND STABILIZATION
REMOVAL RATES IN 1985 AND 1986

Removal Rates
(per 1000 Hours)

LRU 1985 1986
Turret network box 1.80 1.29
Computer 1.29 0.34
Crosswind sensor 1.27 0.75
Laser rangefinder 0.62 0.74
Line of sight electronic assembly 0.82 0.30
Computer control panel 0.17 0.06
TIS power control unit 1.22 1.67
TIS image control unit 0.78 1.38
TIS thermal receiver 0.72 1.51
TIS electronic control 0.97 0.89
Gunner body assembly 0.95 0.74
Servomech traverse 0.53 0.42
Servomechanism 0.42 0.32
Panel assembly—upper 0.23 0.23
Slip ring assembly 0.19 0.11
Gyro assembly 0.21 0.38
Head assembly 0.08 0.13
Panel assembly—lower 0.19 0.11

All fire control components 12.4 114

SOURCE: SDC data, FY 1985 and 1986.
NOTE: Turret drive is not included because of sys-
tem changes.

basis of 1985 demand rates, but wartime saw rates like those found in
1986, then serious spares shortages in the thermal imaging system
would most probably ensue. If the opposite were the case—stocks were
bought at 1986 rates, wartime entailed 1985 rates—then the supply sys-
tem would most likely be short on turret network boxes and computers.

A simple evaluation using the Dyna-METRIC model suggests the
effect of these kinds of mismatches. A stockage buyout for three divi-
sions through Day 60 of the war would require $411 million at 1985
rates and $654 million at 1986 rates to achieve 85 percent fully
mission-capable tank availability.? This availability can be achieved if

2Different logistics structures, such as the ones proposed in Sec. III, will reduce the
impact of mismatched inventories and removal rates. To illustrate the difficulties of
such mismatches, this appendix assumes a "discard only” strategy—i.e., with no repair or
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Table A.2

SELECTED FIRE CONTROL AND STABILIZATION
VARIANCE-TO-MEAN RATIOS IN 1985 AND 1986

Ratio

LRU 1985 1986
Turret network box 2.94 0.91
Computer 0.88 141
TIS image control unit 0.66 5.94
TIS power control unit 3.35 4.43
TIS thermal receiver unit 1.51 5.76
TIS electronic control unit 0.93 3.48
_ Laser rangefinder 2.33 2.45
Line of sight electronic unit 1.94 2.32
Gunner body assembly 0.73 1.32
Servomechanism traverse 1.03 3.12

All fire control components 5.72 184

SOURCE: SDC data, FY 1985 and 1986.

wartime removal rates match the rates planned. If there were a
mismatch as in the first example, the $411 million inventory would
provide only 25 percent tank availability. In the other case, the $654
million would only buy 35 percent tank availability.

resupply available. A similar example in Sec. II assumed availability of the resources
required by the current repair structure.



Appendix B

FIRE CONTROL REMOVAL RATES IN THE
FIELD EXERCISE DATA COLLECTION

The FEDC provides data on tank operating hours and component
removals at Grafenwoehr, Federal Republic of Germany, and the
National Training Center, Ft. Irwin, California. This permits a com-
parison with similar data from the SDC.!

Figure B.1 compares SDC and FEDC results. It repeats the logit
curve of SDC data from Fig. 2.6; the gray area around the curve
represents approximately a 90 percent confidence range. The curve
shows the expected probability of a fire control removal in a tank that
operates at a given level of activity. Each dot represents the results
from eight battalions’ rotations at NTC and Grafenwoehr, with the
point representing the average number of fire control removals per
tank at the rotation’s average level of activity per tank.

The Grafenwoehr data appear fairly consistent with the SDC-based
statistical model. Virtually all the NTC points, however, lie far below
expectations based on the SDC-based statistical model. We believe,
however, that the NTC fire control removal rates are unrealistically
low because of the special nature of NTC.

Two factors at NTC condition the results: First, the MILES uses a
laser, and so makes certain fire control components (e.g., rangefinder,
ballistic computer, crosswind sensor) much less important, and hence
less used and less maintained. In fact, these components are often cut
out of the system to let the MILES function effectively. Clearly, less
reliance on the fire control system would reduce the number of com-
ponent removals.

Second, the object of NTC is not tank gunnery proficiency, as it is
at Grafenwoehr. It is instead developing competence in force-on-force
attacks, with emphasis on movement, mass, surprise, effective use of
tactics, and so on. Tanks with a degraded fire control system may still
be useful to the commander as long as they can move and shoot in
some fashion. Thus they are less likely to be withdrawn from the

!The data systems do differ in some respects. SDC is based on monthly activity data,
FEDC on two-week rotations. The FEDC data collection method is also far less
intrusive than the SDC’s. Such differences may diminish the comparability of the two
data systems.
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battle for repairs unless it is absolutely necessary. Only when the fire
control component is necessary for fighting might a tank be pulled out
of combat to replace a failed LRU. The thermal imaging system and
the turret networks box constitute almost 80 percent of all fire control
removals at NT'C; they account for 58 percent at Grafenwoehr and 43
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percent in the SDC system. These components are necessary for turret
movement, night fighting, and seeing through smoke. On the other
hand, there were only two removals of computers, laser rangefinders,
and crosswind sensors at NTC (or 5 percent of the total); in the SDC,
these three items accounted for 27 percent of all fire control removals.
It might be expected that NTC would demonstrate relatively high
powerpack removal rates, given the importance of tank movement.
Figure B.2 supports that notion. It shows a logit curve plotted on the
basis of SDC data, again with the Grafenwoehr and NTC cases added.

.65
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Fig. B.2—Engine system removals in SDC and FEDC data
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Here it can clearly be seen that not all removal rates are low at NTC
(as might happen if, say, data collection was inadequate); certainly they
are, however, for the fire control system.



Appendix C

COSTS OF ALTERNATIVE LOGISTICS
STRUCTURES

This appendix describes the cost information used in the body of
this report. Using the most recent data available from Army sources,
we express costs in FY 1987 dollars unless otherwise noted. Table C.1

Table C.1

LOGISTICS COSTS FOR SUPPORT ALTERNATIVES
(In thousands of FY 1987 dollars)

Additional test equipment (per set)

DSESTS $175
Van
Procurement 78
Operation and support (20-year life cycle) 46
Two operators (20-year life cycle) 897
1,196
Transportation using Blackhawk helicopters (per helicopter)
Procurement 5,800
Operation and support (20-year life cycle) 1,483
Personnel (20-year life cycle)
Maintenance 1,795
Aircrews 1,887
Training of aircrews 975
11,940
Theater repair facility 3,000—5,000
Depot TRF, operations and personnel
Personnel (20-year life cycle) 2,000
Facility 3,000-5,000
Facility upkeep (20-year life cycle) 1,000
Equipment 10,000
16,000-18,000
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summarizes the estimated cost elements used in assessing alternative
logistics structures.

Our cost analysis focuses on but a small portion of the overall logis-
tics system, namely, support for the fire control system on the M-1
tank. It does not examine how proposed alternatives might affect
other weapon systems. Specifically, we estimate the costs associated
with

e Additional test equipment,
e Transportation using helicopters, and
¢ Procurement of a TRF.

ADDITIONAL TEST EQUIPMENT

Alternatives 2 and 5-7 require the purchase of additional test equip-
ment. Adding test equipment to existing units results in procurement
costs of DSESTS and for the van to house and transport it. It will not
add significantly to the costs of maintaining the DSESTS or to person-
nel costs, aside.from the two personnel needed to operate each set of
test equipment.

Procurement of DSESTS

Using the most recent AMCCOM contract procurements, Table C.2
shows the costs of each additional DSESTS configured for the M-1
tank.

Table C.2

DSESTS EQUIPMENT PROCUREMENT COSTS
(In thousands of FY 1987 dollars)

Test Equipment Cost
Operator interface unit 128
M-1 cable case number 1 15
M-1 cable case number 2 12
M-1 cable case number 3 20
Total 175

SOURCE: AMCCOM.
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Van to House and Transport Test Equipment

Information from the Ordnance School on the current configuration
of these systems indicates that the DSESTS could fit into a single
M109A3 van. A recent TACOM study estimated the procurement cost
of an updated MI109A3 version at $78,341, which includes
procurement-funded initial spares. This cost is based on a large buy
and includes the fixed, nonrecurring costs amortized over the large
base.

In addition, the TACOM study estimates the annual operating and
support costs for the van, based on worldwide fleet average costs and
an annual mileage figure of 2535 miles, to be approximately $4600 (or
$46,000 over a 20-year life cycle).! This figure includes replenishment
spare parts, maintenance material, fuel and lubricants, and mainte-
nance, including depot maintenance.

Maintenance of DSESTS

Since DSESTS is very reliable and incurs very little annual mainte-
nance costs, we assume that the current system can support this test
equipment at no additional cost.

Personnel for DSESTS

Any analysis of maintenance personnel requirements for test equip-
ment is hindered by three main problems:

Lack of Agreed Upon Requirements from Which Changes
Can Be Evaluated. The lack of an accepted Table of Organization
and Equipment (TOE), especially for new weapon systems, is caused by
the change from the Army of Excellence (J Series) TOE to the new
“living” (L Series) TOE and from the introduction of the Manpower
Requirements Criteria (MARC) process to replace the older Manpower
Authorization Criteria (MACRIT) process.? As a result, the TOE pro-
cess is in transition, especially regarding the support of the M-1 tank.
Therefore, it is difficult to evaluate how proposed alternative structures
will affect maintenance manning because no baseline currently exists
from which to evaluate the changes.

This analysis computes the 20-year life cycle cost by multiplying the annual costs by
10; this assumes a discount rate of 7.75 percent. This factor is chosen primarily for
analytical convenience. However, the cost multiplier is not very sensitive to the rate; for
example, using a discount rate of 10 percent results in a multiplier of approximately 9.36.
(Similarly, a present value factor of three is used when dealing with our assumed five
crew turnover during the 20-year life cycle.)

2The “living” TOE concept affects when Basis-of-Issue Plan and other substantive
changes are applied to a base TOE. The MARC process attempts to model analytically
the personnel requirements, which serve as the starting point for TOE development.
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Support of Many Weapon Systems by Intermediate-Level
Maintenance Personnel. Unlike comparable maintenance personnel
in the Air Force and Navy, Army intermediate-level maintenance per-
sonnel typically support a wide variety of weapon systems. For exam-
ple, the MARC data base lists approximately 20 different systems sup-
ported by the 45K Military Occupational Specialty (MOS), the M-1
tank turret repairer. Since we are considering only a subset of the
components on the M-1 tank, we are focusing on only a part of a given
maintenance person’s workload.

Physical Distribution of Intermediate-Level Maintenance
Personnel. A portion of the repair personnel for the M-1 stay at the
base maintenance company of the FSB to repair faulty components
removed from the M-1 tank. These personnel operate the DSESTS
and are the primary personnel affected by changes in the support con-
cept. The remaining repair personnel in the FSB form System Support
Teams that are positioned with the combat battalion to assist
organization-level personnel. The support team personnel help to iden-
tify faulty components and to remove bad components and install
workable ones. This mission should not be affected by the alternative
support structures.

Because of these problems, we do not attempt to evaluate the effects
that proposed logistics alternatives have on repair personnel require-
ments, except for the two additional DSESTS operators. Since the
total workload probably does not change with the different logistics
alternatives, we assume that the other personnel would merely be
redistributed within the force.

Table C.3 shows the figures used to compute the costs of additional
personnel, both officer and enlisted. Costs in Table C.3 do not include
costs of any specialized training required by maintenance personnel or
aircrew members.

The two enlisted men (an MOS 45K and an MOS 63G) needed to
operate the DSESTS each cost $25,900 ($20,900 + $5,000 specialized
maintenance training) in nonrecurring expenses and $37,100 annually
in recurring expenses. Thus the total 20-year life cycle cost® for both
operators equals $897,000 (rounded).

In sum, the alternative of placing an M-1 configured DSESTS in
each armor battalion costs a total of $1,196,000 for each test set. This
total includes $175,000 for the DSESTS, $78,000 for procurement of
the van, $46,000 for the operation and support of the van over a 20-

3The life cycle cost estimate includes the annual cost of the two operators (2 x 37,100
x 10} plus the nonrecurring cost of acquiring and training five sets of operators over the
20-year period (2 x 25,900 x 3). This latter factor is an estimate that allows for the
turnover of five crews over the 20-year period.
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Table C.3
PERSONNEL COSTS
Annual Recurring
Nonrecurring —————————————
Cost Element Officer/Enlisted Officer Enlisted
Program 2 (org., clothing, and equipment) 1,550 9,300 9,300
Program 7S (supply transportation) 2,980 1,950 1,950
Program 8T (training base operations) 1,450 940 940
Program 8M (medical) 60 350 350
Program 80 (other personnel) 1,550 520 520
Accession i 2,350 — —
Initial clothing 480 — —
Initial entry training 8,900 — —
Pay and allowances _ 34,700 15,600
Retired pay accrual — 13,800 5,700
Total (FY 1985 $§) 19,320 61,560 34,360
Total (FY 1987 8) 20,900 66,400 37,100

SOURCE: Ref. 20.

year life cycle, and $897,000 for the 20-year life cycle of the two
DSESTS operators.

TRANSPORTATION USING HELICOPTERS

Alternatives 3 through 9 require the use of helicopter transportation
to ship items among transportation nodes and repair facilities.
Although both the Blackhawk (UH-60A) and the Chinook (CH-47D)
are considered for this mission, cost estimates in this report are based
exclusively on the use of the Blackhawk. The Blackhawk and Chinook
have carrying capacities of 8,000 and 24,000 Ib, respectively. Both can
carry loads either internally or externally using hooks. _

No more than two helicopters are required under the various logis-
tics alternatives. We assume that these helicopters would be added to
an existing unit (the division or corps aviation unit). As a conse-
quence, we estimate costs using this marginal assumption. The addi-
tional costs include the procurement of the helicopter, its operation
and support, additional maintenance personnel and aircrews, and ini-
tial training costs for additional aircrew members.
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Procurement of Helicopter

The procurement cost estimates from the Deputy Chief of Staff,
Research, Development, and Acquisition, Aviation Systems Division,
are $5.8 million for the Blackhawk and $11.5 million for the Chinook.

Operation and Support Costs for Helicopters

Table C.4 shows the annual operation and support costs for the
Blackhawk and Chinook helicopters.

Table C.4

HELICOPTER ANNUAL OPERATION AND SUPPORT COSTS
(In FY 1987 dollars)

Cost Element Blackhawk Chinook

Cost per flying hour
Replenishment parts 181 345
Petroleum/oil/lubricants 110 299
Civilian field maintenance® 120 487
Per diem 25 25
Depot: end item cvverhaulb 50 296
Depot: secondary items® 376 906
Total cost per flying hour 862 2358
Annual peacetime flying hours 172 150
Total annual costs? 148,264 353,700
Total 20-year life cycle costs® 1,482,640 3,353,700

SOURCE: Deputy Chief of Staff for Logistics, Aviation Logis-
tics Office (DALO-AV).
81ncludes (1) O&M funded costs for civilian maintenance below
depot and (2) labor to install modification kits; excludes civilian
lab%r at depot.
Includes overhaul of the helicopter plus depot-installed modifi-
cations.
Includes repair of components sent from organizational and
inte‘fmediate maintenance.
Costs are worldwide averages. CONUS and European costs
and flying hours may differ somewhat.
®This analysis computes 20-year life cycle cost by multiplying
the annual costs by 10; this assumes a discount rate of 7.75 per-
cent.
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Costs of Additional Maintenance Personnel and
Helicopter Aircrews

Maintenance Personnel. The costs in Table C.4 exclude Army
maintenance personnel at the organizational and intermediate levels.
Through the MARC process, the Army calculates maintenance men per
aircraft using MOS figures. Although MARC has recently completed
an aviation MOS study, the final results have not been officially
approved. Table C.5 shows interim organizational- and intermediate-
level maintenance figures for the Blackhawk and Chinook.

It is difficult to determine on a marginal basis the maintenance
manpower effects of adding a helicopter or two to an existing unit.
Manpower requirements are governed by the integer effects of person-
nel, and the criterion used by the MARC process is to add an addi-
tional person when the fractional part of the requirement is 0.5 or
greater. For certain skills, there may be sufficient personnel to ade-
quately maintain a few additional helicopters. For other skills, an
additional helicopter may result in the requirement for an extra
maintenance man.

As an approximation, we have added personnel when the product of
the number of helicopters added and the MOS figures in Table C.5
results in a fractional part greater or equal to 0.5. Therefore, adding a
single Blackhawk requires four additional maintenance personnel (the
assumption we have used in our cost estimates), and adding a single
Chinook requires five additional personnel.*

Based on figures in Table C.3, the estimated total 20-year life cycle
cost for the four maintenance personnel is $1,795,000 (rounded).’

Aircrew Personnel. Each Blackhawk has a three-man crew (pilot,
copilot, crew chief), and each Chinook has a four-man crew (pilot, copi-
lot, crew chief, flight engineer). Usually, pilots and copilots are officers
and other crew members are enlisted or warrant officers.

Based on figures in Table C.3, the total 20-year life cycle cost for
the two officers and one enlisted man needed to operate a Blackhawk
helicopter is $1,887,000 (rounded).®

4Adding two Blackhawks requires 10 additional personnel, and adding two Chinooks
requires 15 additional personnel.

5Tncludes the annual cost of four enlisted (4 x 37,100 x 10) plus the nonrecurring
cost of acquiring and training five sets of maintenance men over the 20-year period (4 x
25,900 x 3).

6Includes the annual cost of two officers (2 x 66,400 x 10) plus one enlisted person (1
x 37,100 x 10) plus the nonrecurring cost of acquiring and training five crews over the
20-year period (3 x 20,900 x 3).
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Table C.5
MAINTENANCE MEN PER HELICOPTER
Blackhawk Chinook
Operation Intermediate Operation Intermediate

Duty Title MOS Level Level Level Level
Avionic mechanic 35K 0.1770 0.0629 0.3258 0.0786
Avionic nav. rep. 35M 0.1053 0.0549 0.1037 0.0669
Avionic spec. eq. rep. 35R — 0.0720 0.0625 0.0108
Tac tran. hel. tech. insp. 66T 0.6552 0.2596 - —
Med. hel. tech. insp. 66U — — 0.3333 0.0208
Tac. tran. hel. rep. 67T 1.7766 0.8630 —_ —
Med. hel. rep. 67U —_ — 5.0000 0.1042
Aircraft powerplant rep. 68B 0.0891 0.0820 0.3465 0.1294
Aircraft powertrain rep. 68D 0.0314 0.0458 0.2545 0.0998
Aircraft electrician 68F 0.1275 0.3021 0.3066 0.0686
Aircraft structural rep. 68G 0.0735 0.2340 0.1833 0.1354
Aircraft pneudraulics rep. 68H 0.0845 0.1822 0.1604 0.0829
Aircraft fire control rep. 68J 0.0048 0.2673 — -
Aircraft weapon system rep. 68M 0.0042 0.0163 — —

SOURCE: MARC.

Initial Training Costs for Additional Helicopter Aircrews

Each pilot and copilot must complete the Undergraduate Pilot
Training (UPT) course plus the aviator qualification course in the
specific helicopter. The flight engineers and crew chiefs must complete
the appropriate flight courses. The required pilot and copilot courses
and the approximate costs (based on information from the training
cost analysis personnel at TRADOC) are as follows:

UPT (2C-15B/2C-100B)  $125,000
CH-47D (2C-ASI1G) ~ $ 75,000

UH-60 (2C-ASI1IN) $ 25,000 .

No cost data were available for the crew chief and flight engineer
training costs. As an initial assumption, we will use a cost of $25,000
for each of these crew members. In summary, the initial training cost
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for a Blackhawk aircrew is estimated at $975,0007, and the cost for a
Chinook crew is estimated at $1,350,000.%

Table C.6 summarizes the total costs for the lower cost Blackhawk
helicopter procurement and operations.

PROCUREMENT OF A THEATER REPAIR FACILITY

Alternative 9 calls for repairing failed components at a TRF (a con-
solidated intermediate-level facility). This facility would be located
well behind the combat zone in extreme southwest Germany, or possi-
bly in a country such as Spain or England. The facility could possess a
complete range of repair capabilities.

Costs of setting up a TRF include the initial costs for acquiring and
modifying a building and for procuring the necessary test equipment.
The facility cost depends greatly on whether a suitable building is
bought or leased and to what degree the building can satisfy the
environmental requirements of electronic repair (air conditioning and
clean room requirements).

As examples of potential facility costs, the modification of the
second floor of an existing building at Mainz for the repair of the

Table C.6

TOTAL HELICOPTER TRANSPORTATION COST ESTIMATES
(In thousands of FY 1987 dollars)

Procurement 5,800
Operation and support (20-year life cycle) 1,483
Personnel (20-year life cycle)
Maintenance 1,795
Aircrews 1,887
Training of aircrews® 975
Total 11,940

8Excludes MOS maintenance training.

"The pilot and copilot both take the $125,000 UPT course and the $25,000 UH-60
course (2 x 150,000 x 3); training for the crew chief costs an estimated $25,000 (1 x
25,000 x 3). A requirement for five crews is assumed over the 20-year period.

5The pilot and copilot both take the $125,000 UPT course and the $75,000 CH-47D
course (2 x 200,000 x 3); training for the crew chief and flight engineer each costs an
estimated $25,000 (2 x 25,000 x 3). Again, the requirement for five crews over the 20-
year life cycle is assumed.



63

Bradley fire control components cost approximately $1.1 million.
Adding an annex to building 6012 at Mainz for the fire control com-
ponent repair of the M-1 and M-60A3 also cost approximately $1.1
million. However, neither project included a clean room. A third pro-
ject at Mainz, involving the addition of a third floor to an existing
two-story building, did include a clean room and had a construction
cost of approximately $3.3 million. Although the facility cost greatly
depends on the specifics of a particular location, a reasonable estimate
of total facility costs (including procurement, leasing, and construction)
falls in the $3 million to $5 million range.

For a consolidated intermediate-level TRF (Alternative 9), all test
equipment and personnel are asumed to be derived from the current
structure. For a depot-level TRF (Alternative 7), we assume that no
excess test equipment is available in the overall support system, a com-
plete set of approximately 28 different test stations, including the
EQUATE system if depot-level capability is included, would have to be
bought. Information provided by DESCOM on the M-1 equipment
cost at Mainz and by AMCCOM on the cost of depot-level test equip-
ment for the M-1 suggest that these items of test equipment would cost
approximately $10 million.

We have not in this initial analysis fully addressed the issue of how
the depot-level TRF would be manned and operated in peacetime. A
peacetime operating concept for the depot-level TRF could range from
a caretaker type of facility to a fully operational repair source for units
stationed in Europe. As an initial approximation, we assume that the
TRF would be minimally manned in peacetime by active force person-
nel currently assigned to depot-level. These personnel would maintain
the facilities and equipment and provide a minimal support capability
to deployed units. This cadre force would be augmented in wartime by
reservists to provide a fully operable theater support facility.

The annual costs of this mode of operation would be minimal. The
active force personnel already exist and their cost is considered sunk.
Reserve force personnel, because of their part-time commitment in
peacetime, cost approximately one-sixth of active force personnel.® Ini-
tially, we estimate that 50 reserve personnel would be required at a
total 20-year cost of $2.0 million.

The annual cost of operating the facility (utilities, upkeep, and so
on) would be minimal in this caretaker type of operation; we estimate
the 20-year life cycle cost of facilities to be $1.0 million.

9Ref. 21 estimates that the annual cost of an enlisted reservist is approximately
$4000.






10.

11.

12.

13.

14.

REFERENCES

. “Modernization for AirLand Battle Zero,” Army Magazine, October

1983.

Sample Data Collection Plan, Logistics Management Analysis, M-1
Abrams Tank, RCS DRCSM-456, Army Materiel Command,
Materiel Readiness Support Activity, January 1982-June 1983.
DARCOM Parts Requirement Study, February 1986.

M60A3 Sample Data Collection Quarterly Summaries, Tank and
Automotive Command, Warren, Michigan, 1 November 1979-30
April 1981.

M-1 Sample Data Collection Quarterly Summaries, Tank and Auto-
motive Command, Warren, Michigan, 1 January 1982-30 June
1983. :

FM 100-5, Operations, Headquarters Department of the Army,
May 1986.

Are Smart Tankers Better Tankers: AFQT and Military Produc-
tivity, Office of Economic and Manpower Analysis, Department of
Social Sciences, U.S. Military Academy, 1984.

John B. Abell, Joan E. Lengel, and F. Michael Slay, Toward
Improved Initial Provisioning Strategies: The F-16 Case, Logistics
Management Institute, Washington, D.C., 1982, cited in Craig C.
Sherbrooke, Estimation of the Variance-to-Mean Ratio for AFLC
Recoverable Items, Sherbrooke and Associates, Potomac, Maryland,
1984.

Craig C. Sherbrooke, Estimation of the Variance-to-Mean Ratio for
AFLC Recoverable Items, Sherbrooke and Associates, Potomac,
Maryland, 1984.

Gordon B. Crawford, Variability in the Demands for Aircraft Spare
Parts, The RAND Corporation, R-3318-AF, January 1988.

Eric Hanushek and John Jackson, Statistical Methods for Social
Scientists, Academic Press, New York, 1977. ‘
USAREUR Support Structure Study (US®), Final Report, Vol. I, p.
xiii, January 1986.

Michael Rich, William Stanley, and Susan Anderson, Improving
U.S. Air Force Readiness and Sustainability, The RAND Corpora-
tion, R-3113/1-AF, April 1984.

Unpublished report of the FMC Corporation, San Jose, California,
outlined by Dennis W. Brewer at the HELFAST XVIII Confer-
ence, September 16-18, 1986.

65



66

15.

16.

17.

18.

19.

20.

21.

Karen E. Isaacson, Patricia Boren, Christopher L. Tsai, and Ray-
mond Pyles, Dyna-METRIC Version 4: Modeling Worldwide
Logistics Support of Aircraft Components, The RAND Corporation,
R-3389-AF, May 1988.

Raymond Pyles, The Dyna-METRIC Readiness Assessment Model:
Motivation, Capabilities, and Use, The RAND Corporation,
R-2886-AF, July 1984.

R. J. Hillestad, Dyna-METRIC: Dynamic Multi-Echelon Tech-
nique for Recoverable Item Control, The RAND Corporation,
R-2785-AF, July 1982.

R. J. Hillestad and M. J. Carrillo, Models and Techniques for
Recoverable Item Stockage When Demand and the Repair Process
Are Nonstationary—Part I: Performance Measurement, The
RAND Corporation, N-1482-AF, May 1980.

General Richard H. Thompson, “Managing Repair Parts for the
Army of Excellence,” Army Logistician, November-December 1984.
U.S. Army Cost and Economic Analysis Center, “U.S. Army OMA
& MPA Cost Factors, Volume 1: Factors” DCA-H-1, December
1984.

John F. Schank, Susan J. Bodilly, and Richard Y. Pei, Unit Cost
Analysis: Annual Recurring Operating and Support Cost Methodol-
ogy, The RAND Corporation, R-3210-RA, March 1986.






RAND/R-3673-A





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


