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Abstract

s Fhesie
The purpose of thia\Icuay/:an to evaluate the relative

performance and coat of centralized intermediate maintenance

27 I il s oA

versus traditional organic maintenance. The atudy had three
3 objcctii'a: 1) Measure peacetinme foadlnoan pecrformance for
centralized and oxganic intermediate naintcnancg} 2)
Measure vartime combat capability performance for both
maintenance concnptqjxgg To compare maintenance costs
between c¢antralized and organic intermediate maintenance
concepts.

The objectives wvere accomplished through statistical
! analysis of the Jet Engine Maintenance Simulator (JEMS)
' | simulation model for Fl1l6 Fll0 engines. The cost conbariaons
vere obtained from Air Force Logistics Command\rt?be+42~.

agencies and the F16 Systems Program Office #E5POY.

Analysis of the simulation results found that peacetime

readiness rates vere statistically the same for 26 of 30
peacetime simulations. Of the four results vhich showed

significant differences, three favored vrganic maintenance

i wvhile one favored centralized maintenance. Different
' simulations were made for varying transit times, maintenance

,/ Fl / 'f' e —
crews, and quantity of spares. \{Abrfwdlz - I“Liﬂt/)

The vartime results found statistical differences in }

aircraft availability on 20 of the 30 simulation runs. Of ,/
_/

.
-~ .

ii C .L}‘“
v
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these, 16 found higher availability rates for organic
maintenance vhile four found higher rates for centralized
structures.

The sustained results found statistical differences in
alrcraft availability on 28 of the 30 runs. Of theae, 25
found higher availability rates for organic maintenance
vhile three found higher rates for centralized structures.

The estimated cost di¢fc ;ential for the maintenance
structures over the 180 day scenario was $7,458,276. This
coat dit:crqpco included estimates for intermediate support,
transportation, initial sparea, var reserve apares kits
(WRSK): spare Fli0 engines, replenishment spares; and
support equipment.

This study recommended that orgahic engine support be
maintained for Fll0 engines and that organic intermediace

maintenance be preferred fnr maximum combat capability.
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AN ASSESSMENT OF CENTRALIZED INTERMEDIATE
MAINTENANRCE UPON COMBAT CAPABILITY

I. Introduction

Chapter Overview

This chapter provides a general background on the subiect .
of maintenance planning within the United States Air PForce.
A revievw and 3nalysis of the existing maintenance guidelines
is provided, along with an examination of the current Air
Force maintenance structure. The research problem is stated,
and the research goals and objectives are outlined. Also
included in this chapter ace the scope: limitations, research

assumptions, and the definitions of frequently used terms.

Background

The maintenance function within the Dcpartmen; of Defense
(DOD) is big business. Within all the services, 900,000
people are involved in maintaining wore than $200 billion
worth of equipment and weapon systems. All of this
maintenance comes at a2 price tag estimated at above 540
billion per year (31:28-32). The current reality of |
dec;easing DOD funding makes alternative maintenance
strategies more attractive. The Air Force's ability to
project and sustain combat capability is dependent upon

effective maintenance support (32:52). The design,
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management, and implcmentation of this logistics support is

dependent upon an overall "systems" approach (35:112-113).

Maintenance Planning

The design and implementation of a maintenance strategy
begins early in the acquisition process. This logistics
planﬁing.process is defined within Air Force Regulation (AFR)
800-3 and is known as the Integrgted Logistics Suppoft (1LS)
Program. This requlation establishes the Air Force's program

for logistics_support as required by DOD Directive 5000.39. .

The purpose of the ILS program is to c “bine all the

technical and managément activities associated with the
acquisition of an Air Force weapon system. The program is
designed to accomplish the following objectives:

1) To include support considerations into the design
objectives of the weapon system.

2) To include and relate support considerations into the
readiness objectives, system design, and sustainability
goals.

~3) To acquire the required support for the weapon
system. '

4) To provide the required support for the operational
phase consistent with the identified life cycle cost
objectives (35:172-173).

The importance of maintenance planning and its subsequent
impleinentation is crucial to all weapon systems. Maintenance
planning is a primary ILS element and is defined as the
process conducted to identify and establish maintenance

concepts, plans, and requirements for the "on"~-aircraft and

"off"-aircraft maintenance to be performed during the life of

~ [N S , ‘.o PPN MR ‘ i aib ittt = PP T |.|‘|A| |'| |.| - TR




the weapon sysatem (6:2-3). The designed performance of a
weapon system and its operational readiness are embodied in
the operational concept. This fact, dictates the
consideration of the following:

l) The maintenance concept must be compatible with the
operational concept.

2) Hardware design directly influences the design and
demand requirements for maintenance.’

3) . Preventive and corrective maintenance is generated by
operations.

4) Supply requirements and@ the associated support
concept are generated as a result of the maintenance effort.

5) Packaging, bandling, and transportation needs result
from the maintenance actions. (8:5-7)

This maintenance planning effort defines the actions and
support requirements necessary to maintain the designed
system in its prescribéd state of readiness. It considers
the various maintenance functioﬂs and the levels at which
such maintenance should be performed.

Approximately one third of all Air Force resources -
people, money, and material - are ;equired each year to
satisfy maintenance reqdirements. Failure to properly plan
the expenditure of these resources can greatly reduce Air
.Fo:ce effectiveneéo, and consequently lower Air Force combat

capability (24:2-3).

Maintenance Concept

The maintenance concept is included in the initial weapon
system documentation phases of the'acquisition process. The

maintenance concept is a general plan that sets the broad

e e i et i bl s
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parameters in which a support system must be designed. The
concept establishes maintenance requirements, supply
considerations, and constraints for a proposed new system
(24:7-8).

This initial maintenance concept helps formulate the
design.characteristics needed to obtain the optimum balance
between operational effectiveness and life cycle costs. 1In
the long run of the life cycle, mginten;nce costs are
typically the greatest cost factor influencing support costs.

After the initial maintenance concept has been
estﬁblished, the syQﬁems engineering and logistics plans are
formulated. The maintenance concept is developed first to
serve as a guide for logisticians and designers in planning
their efforts, in context with both cperatiénal and
maintenance requirements.

When the weapon system and the corresponding logistics
support have been designed adequately, the maintenance
concept becomes the maintenance plan and is then published as
part of the Integrated Logistics Support Plan (ILSP). This
mainten:nce plan is a formal document which provides detail
to the maintenance concept and describes the technical
requirements and design parameters. Its objective is to
prescribe a plan of action for each significant item of a

system throughout its life cycle (11:112,138).
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Maintenaace Planning Guide

During the earliest phases of the acquisition cycle, the
maintenance concept guides the design of the logistics
support system. Included are facto;s such as the maintenance
environment (basing concept, climate, organization) and
support'factors (fulily mission éapaﬁle rates} sortie
generation rates, etc.). During the demonstration and
validation phase of acquisition, trade-off studies are made
to refine the m2intenance concept. Thesg studies influence
and impact the repair level decisions for diffefent
maintenance concepts. |

Included in these tests are factors such as repair
location, data collection sources,; technical requirements,
and progfam management objectives. Once these studies are
complete, the more detailed maintenancelplan is published to
allﬁw the.acquisition cycle to enter the Full-Scale
Development pﬁaae. Bf this point in time, all “anticipated"
major maintenance tasks have been identified and resourcés
set aside to meet these maiatenance demands.

During the production and deployment phases of
acquisition, the maintenance plan is again reviewed to
determine how well objectives have been met. The maintenance
plan does not become static, but is allowed to change when
deemed necessary. The maintenance plan serves as a reference

document during the provisioning process which determines

. . . e F L . . . . - N . R - .
RN SERP) PP ST SR U ST e NESURRYN N N . . . < e . .
saar ol " " Sttt — e . i



spare part levels. This process identifies the scurce and
location of repair assets for the weapon system (24:4-6).
The operational and maintenance concepts must be

developed concurrently. A proposed operational concept is
; meaningless if it Qxceeds'projected maintenance capability.
Air Forcelregulation 800-11 also dictates that support
requirements be achievéd a£ an affordable cest. The
importance of combining both the operational and sﬁpport
rlans is obvious. The ability to sustain operational
capability is dependent upon mgintenance support. The Air
Force's future effectiveness during an'era of reduced

funding, depends upon effective‘maintenance planning (10:3).

Current Maintenance Concepts

Current Air Force aircraft systems typically use three

levels of repair capability. ihe level of repair decision
‘and its location is important because it impacts the

allocation of workloads at both the bases and the depota.’

These three repair levels are organizational, intermediate,

and depot. The relative difficulty of the maintenance tasks |
increases from organizational level thru depot level. o h
Normally "flight line" and "minor" repair actions are

classified as organizational maintenance. Intermediate level

. h.:\ DRI B
D e | 5 IR YRR)

maintenance 'usually involves “"off-aircraft" component repair
actions. 1Intermediate level usually requires specialized
equipment and more personnel proficieacy than organizational .
o
maintenance. The final repair level is depot maintenance. -
6

I
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This level requires specific "industrial™ capabilities which
are nct readily available at each operating bzse. Major
nodifications and overhauls require coxtensive engineering
expertise vwhich is normally availahle only at the depot
level. The maintenance concept specifies at wvhat level a
particular item will be repaired. This repair decision will
either generate a new repair requirement or take advantage of
an existing repair capability (35:275-276).

Current combat strategies stress the importance of unit
"self-sufficiency". Based upon this operations strategy,
most units today have organic organizational aﬁd intermediate
repair capability. Senior Air Force leaders stress the
importance of units deploying and operating independent
maintenance units. Mobility plans, for deployment overseas,
require the airlift of those maintenance assets needed for
both organizational and iﬁtermediate level maintenance
(25:4-7).

The Pacific Air Force (PACAF) maintained an alternative
maintenance structure from 1977 thru 1986 for its seven
aircraft units. PACAF centralized its intermediate level
maintenance at Kadena Air Force Base (AFB) in Okinawa, Japan
to minimize airlift requirements and reduce vulnerability for
its Korean bases. The attached map and PACAF aircraft
assignments are shown in Appendix A and Appendix B. Recent
changes in threat assessments for PACAF's centralized repair

facility have changed its maintenance strategy, and PACAF is

AU sablan SEkme s e " - y ————ye—— T 2 T e e e

181



currently adopting the Air Force's traditional "seif-

sufficient” structure (15:8-10).

Background Summary

The maintenance structure and strategy for any Air Force
weapon system is identified early in the acquisition cycle.
Effective maintenance support depends upon the integration ¢Z
many distinct functions. Among these arcas are opefational
plans, weapon design, maintenance support, and basing
strategy. Both the mission and support planners need to e
avare of their interdependence. Early resolution of
potential conflicts enhances the capability of any weapon
syste

Policy plahners today rely primarily upon a 3-level
maintenance concept. The desire for organic base "self-
sufficiency", diétates the location of organizational and

intermediate repair capability at the unit level.
Position

This paper takes the‘position that emerging trends
dictate a re-evaluation of the Air Force's current
maintenance strategy. Reduced budget funding, improved
reliability, and airlift capacity constraints will impact
future wveapon systems.

The ability of the Air ftorce to assess alternative
maintenance strategies will become a necessity. This paper

will examine the maintenance strategy for centralized

8




intermediate repair. 1Its focus will be whether
centralization of repair assets improves or detracts from the

Air Force's ability to sustain combat capability.

Statement of Problem

Peacetime budge! constraints and wartime combat

TA T e T

capability goals ar2: inevitably at odds. This réseafch will

evaluate the e¢fficiency and effectiveness of centralizing

B

intermediate repair within a regional theater. Also, what

henefits are gained by centralizing repair assets within a

et A

regional theater?

TY TR .

Research Objectives

The overall objective of this study is to identify the

impact of centralization of repair assets upon combat

Balaps i

f capability. To accomplish this, an actual historical example
% " was examined and combared with more traditionally structured
units. A means of evaluating maintenance efficiency and

effectiveness was needed. Three strategies were pursued to

meet the objectives:

l) Reliable maintenance data was obtained from Air Force
agencies to measure PACAF's maintenance performance history.

2) Coat data was collected to determine the relative
co3ts within PACAF for the centralized and dispersed
maintenance strategies.

3) An F16 erngine support simulation model was run to
compare peace and wartime combat capabilities for each
intermediate maintenance structure.




e e e e et T R
& . ek - . - -

lnveatigative Questions

Tc accomplish the research objectives, available
literature on the coﬁttalizcd maintenance concept was
revieved, and the Air Porce Logistics Command's {AFLC)
Comprehensive Engine Management System (CEMS) data was used.
The CEMS data from DO42 provided current information about~
Fl6 engine maintenance from PACAF units and United States Air
Forces in Eurépe (USAFE) units. These available sources and
a Jet Engine Management Simulator (JEMS) model addressed the
following questions:

l) How Joes centralized intermediate engine repair
impact peacetime capability?

2) Wwhich intermediate repair concept achieves higher
vartime combat capability?

3) Does centralization of intezrmediate repair improve
efficiency and reduce overall maintenance costs.

Scope of Study

The only long-term attempt at ~entralizing intermediate
repair assets has been within PACAF. The applicability of
this study must be viewed within that context. A conscious
effort has been made to choose measurement parameters that
might lessen this limitation. Still the fact remains that
our results may be solely applicable to PACAF units. The
comparison with non-PACAF units represents an effort to
explore potential information that might warrant further

examination. The multitude of variables impacting upon such

10
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broad measurements as maintenance effactiveness among large
Air Porce units is Aifficult to isolate. Each reader must ba

constantly aware of this cesearch limitation.
Limitations

The availability of data and time constraints limit the
roacarchfdesign. The many relevant variables in measuring
maintenance efficiency and effectiveness are almost
limitless. The high cost nature of propulsion engines made
its selection logical because of its critical importance to
readiness and the availability of maintenance data. The
current shift back to a dispersed maintenance concept within
PACAF also limited available data.

The political nature of the topic was also evident.  Air
Force .cmmanders are hesitant about advocating :he "loss of
their empires"” for improved productivity of efficiency. Mosat
wings currcntiy have direct control over most organizational
and intermediate ievel 1epair assets. Centralization would
dictate the lcss of this control and of independent repair
capability. Another research limitation i3 security
classificotions for relevant stucdies. The Air Force
conducted several studies to assess centralization for USAFE
units Aduring 1980-1333. The security classifications for
these studias would have required burdensome admiristrative
actions and limited the distribution of this study. The
author chose to avoid these limitations and therefore wa..

unable to explore the results of these studies. 1In addition,

1l
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security classifications limited the evaluation of classified
vulnerability assesaments. Air PForce Regulation (AFR) 66-14
authorizes the centralization of repair assets to a "safe
haven". The evaluation and consideration of this aspect will

not be directly addressed within this atudy.

. Research Assumptions

This study will assume that maintonance performed upon
F16 jet engines is representative of overall maintenance
performance. The availability and accuracy of the CEMS data
made this assumption necessary. The high cost nature of jet
engines and their impact upon mission capability generates
management interest. Other items probably do not warrant the
same amount of visibility or attention.

This atudy also will assume that the maintenance
structure materially impacts mission capability. Factors
such as different supply policies, manpover levels, and skill
proficiencies will not be specifically addressed. The
peacetime comparisons between different wings will focus
strictly upon performance results. The niny different
factors which generate these performance results will not all
be examined. 'The facts which logically relate to the
maintenance structure will be focused upon.

Another assumption made will be that the coat of
converting to a dispersed maintenance concept is a realized
savings of centralization. The PACAF cost figures focus upon

the cost of conversion to a dispersed concept.

12




The final assumption made is that wings with organic

interncdiate maintenance vwill deploy as units. The only

engine support available will be that which is available at

the wing. 1In essence, no other wing will be able to offer

lateral support within a theater.

Definitions

To aid the reader in understanding thia study, the

following definitiona are offered:

1.

2.

3.

4.

S.

8.

PN H St v

Maintenance: - The act or proceas of keeping material in
a serviceable condition or restoring it to that
condition when it fails or malfunctions.

Maintenance Concept: The overall repair and logistics

_ support designed to meet operational requirements.

Integrated Logistica Support: The process of
identifying and assessing logistics support
alternatives: integrates support elements to implement
combat support doctrine.

Organizational (Organic) Maintenance: 2 level of
maintenance vhich priwmarily isolates defective

components and provides direct servicing to aircratft.

Intermediate (Field) Maintenance: A level of
saintenance which normally requires specialized
equipment or requires component repair capability.

Depot Maintenance : A level of maintenance performed by
AFLC contract depots. Most wma,or modifications and
repairs are conducted at this level.

Centralized Intermediate Repair Facility (CIRF): Single
intermediate repair facility which serves several bases
or weapon systems vwithin a defined region.

Pacific Logistics Support Centes: Centralized

Intermeldiate Repair facility located at Kadena Air Base,

Okinawa which serves all PACAF flying units.
Comprehensive Engine Management Systems (CEMS): A

management system which collects and monitors jet engine
repair status for AFLC.

13
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10. Jet Engine Management Simulator (JEMS): Recadiness
asseasment, Monte Carlo, simulation model developed by
AFLC/XRSM.

Summar

This initial chapter has presented the background of
maintenance planning and its impact upon repair capability.
In addition, the purpose of this study along with its ' |
limitations, assumptiona, and definitions were presented.
The following chapter provides a review of the unclasaified

research. literature.

14




E.

I1. Literature Review

hapter Overview

This chapter reviews the unclassified literature
concerning Centralized Intermediate Maintenance. The
chapter begina with the hintorical origina of the
alternative maintenance concept and then tracqa its
development within PACAPF. Rcscnrch~ntudion conducted by the
Rand Corporation assess the viability of the concept and
later measure its success within PACAPF. Finally, a atudy
conducted in early 1987 by PACAF provides current outlooks

on the maintenance strategy.

Background

The theoretical origins of the Centralized Intermediate

Logistics Concept (CILC) date back into the late 1960's.

During the Vietnam conflict the concept was briefly tested
for F-4 aircraft. The brief studies showed the concept had
some ncgative aspects and would require extenaive
improvements in command and control structures (28:2-4).
Logistics ltuaios during the mid 1970's re-examined the CILC
concept and proposed further testing to evaluate its

potential merits.

15
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Historical Origins

The theoretical development of the CILC concept
accelerated during the mid 1970's during the Air Force's
Maintenance Poature Improvemeht Program. This research
study was tasked with evaluvating alternative maintenance
structures. The CILC is an alterxrnative logistics support
structure vhich has two main elements. The first is a

Centralized Intermediate Repair Facility (CIRF) which

‘repairs avionics, engines, and performs limited field

maintenance. The other element in the CILC concept is the
Forward Operatina Locations (FOLs) which §erform flight-
line-only maintenance. Some small amount of intermediate or
"bench" repair remains at the FOLs but the oulk of "off
equipment"” (intermedi#te) maintenance is performed. at the
CIRF.

An additional element of the CILC is referred to as an
Inventory Contrnl Point. This aspect of CILC provides asset
visibility and enhances a theater commander's ability to

make resporncive resource allocation decisions (3:2).

Classified Studies

The Air Force conducted several studies during the 1980-
1983 time frame which focused upon comparing centralized
intermediate maintenance versus on-base intermediate level
maintenance. The classified summary report of these studies
was published in 1983 and remains classified. In an effort

16
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to avoid administrative delays and allow unlimited
distribution of this study., the Author chose to use only
unclassified sources. Any "real world" analysis, conducted
for actual employment decisions would need to refer to these

classified sources.

CILC Development

The Maintinance Posture Improvement Program examined
several alternative maintenance concepts and operating
structures. The program sought to .identify strategies which
achieved improved mission capabilities while simultaneously
reducing costs. Aﬁ that timé, logistics planners wvere
becoming concerned over the'growing cost of maintenance
support. In addition to the acceleration in maintenance
costs, the planners were concerned about the manner in which

costs were increasing. Approximately 66% of the maintenance

costs were being incurred at the field or unit level (28:2).

If a strategy or conéept could be desigﬁed which met missjion
needs and'teduced unit's repair costs, its impact would be
substantial. This focus upon cost-reduction provided CILC
its initial impetus (33:11-12).

As the Maintenance Posture Improvement Program
progressed,'additional areas of interest began to develop.
As the study group examined CILC as an overall strategy, its
focus was shifting from cost reduction towards force
effectiveness. Among the effectiveness improvements noted

were improved mobility, increased sovtie production,
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improved survivability, and enhanced resource management.
The studies suggested ﬁhat centralized support achieved
higher mission capabilities at reduced costs.
Centralization improved technical proficiencies,
concentrated production management, combined spares, and
éontributcd to improved reliability. These improvements
would theoretically improve efficiency, reduce manpower,
spat;s. and support equipment needs. The Inventory Control
Point (ICP) would improve supply distribution and
responsiveness.

Critical to the CILC strategy was locating the CIRF at a
secure "s#fe haven'ﬁ The CIRF would be located away from
hostile environments to reduce vulnerability and provide

added protection to scarce repair assets (3:10-15).

Maintenance Functions

To provide the needed detail, the mainteﬁance functions
vere dividea into avionics sysﬁems, engines, aerospace |
ground equipment, and actual aircraft ("on equipment")
items. Unique aspects of these different maintenance
activities required this approach. Each maintenance
activity was examined for potential cost savings, mission
cababilities, and reduced vulnerability. The cost savings
were not to be gained from reduced capabilities but from

improved efficiency (16:1-3).

18
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Economic Assessments

RE W

The principal theoretical cost savings achieved through
centralized intermediate repair involved manpower, support
b equipment, and facilities. Additional costs would be g&ined
in spares and transportation. From the mid 70's studies, it
is important to note that F-4's were the primary tactical
fighters. The results of the Rand studies focused upon F-4
units. Exercises conducted in PACAF and USAFE estimated the
cost 1mpact'in implementing a centralized structure.
Anzlysts interviewed shop chiefs and used queueing models to
validate the manpower results. The following table

summarizes the cost impacts of centralization.

SUMMARY FOR PEACETIME CILC

USAFE TAC PACAF TOTAL

MANPOWEER. SAVED 556 771 35 1362

PERSONNEL REMOVED FROM 1800 120 1920
_ COMBAT OLs
BENCH SETS ' ADEQUATE
SOME BENCH EQUIP IN LONG , ,
SUPPLY (ONE TIME) $15-18
STOCKAGE COST (ONE TIME) $16 -
TRANSPORTATION COST $0.6-0.7 0.5=1.6 0.6-1.4 2-3
( ANNUAL)
FACILITIES COST $1-2 0.25 0.12 1.3-2.4
(ONE TIME)
**COSTS IN MILLIONS B
N
19 .
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This summary chart represented the bottom line results
of detailed calculations performed by Rand. The analyats
felt the results represented conservative estimates of
potential savings. For the above figures it was estimated
there would be two CIRFs in USAFE, two within Tactical Air
Command (TAC), and one in PACAF. The inventory of F-4's
were divided into: 480 in USAFE.:776 in TAC, and 150 in
PAéAf {3:7).

The term bench sets used in the table represents the
minimum amount of support equipment (across all shops)
needed to support a squadron. All the available bench sets
would not be needed for peacetime operations under a
centralized concept. The table shows the cost of the
excessive bench sets equal to between $15 and $18 million.

The additional spares required for the increased repair
cycle were estimated at $16 million. The additional time
required to traﬁsport assets to and.frdﬁ the CIRF creates
the need for increased spares. The transportation and
facility cost estiqates were provided by the commands.
Transportation costs were estimated per year and the
facility costs are copversion costs. For example, it cost
PACAF $120,000 to transform facilities at Kadena AB for its

CIRF operations (3:10-12).

Factors Impacting CILC

The multiple factors which impact logistics support

create ramifications for centralization. The trade-off of
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spares for manpower limits the local commander's
flexibility. By removing bench repair from the wing, the
commander loses direct control over that repair capability.
Ideally, the additional spares should compensate, but people
are more flexible than parts. Other pertinent facts are
that centralization should allow more remove and.roplace
~(RR) actions compared to remove, repair, and replace (RRR)
actions. This factor should iﬁprove aircraft availability
and make the flight line more self-sufficient.

Other factors mentioned within the Rand studies .vere the
savings in airlift requirements, maintaining peacetime
structure in combat, and minimizingvthe time tequired to
transition to war. With CIRFs pre-positioned within
poténtial theaters, the infrastructure and repair capability

exists from the very beginning of hostilities (3:10-12).

Maintenance Concept

The Maintenance Posture Improvemeﬁt group cited
increased RR actions at the wings as being positive for
aircraft availability. Lengthy ropair actions would be
avoided, provided that space parts were sufficient.

Improved diagnostic systems would allow maintenance
personnel to rapidly identit? failed components. The CIRFs
would be production oriented. The specialized nature of the
intermediate tasks regquired skill proficiencies not readily
available at some remote locations. The one year tour

cycles often depleted skilled technicians and caused
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turbulence. The centralized concept also advocated the
gradual growth in CIRF repair actions. ﬁepaira normally
accomplished within the United States could be transferred
to the CIRFs to reduce turnaround times and improve CIRF

productivity (14:9).

PACAF Implementation

The results of th‘ theoretical studies mancated the
"real world" testing for CILC. Environmentazl factors witnin
PACAF targeted it for testing. The two bases located in
Korea were perceived to be highly vulnerable and their
remote locations created céntinuous futnover in manpower.
The manpower problem was cited by ritired Major General Jack
Waters as being key to the ultimate implementation of CILC
(34). The phased-in field teat began in October, 1975. 1In
March of 1977, members of a study team evaluated its

effectiveness within PACAF.

PACAF Studies

The principal reason cited in the field studies for CILC
wvas wartime capability. The study concluded that CILC
allowed PACAF to transition easily to war, increased sortie
rates, improved supﬁly control, and decreased vulnerability.
The field studies focused upon four wings of F-4 aircraft
and compared pre-CILC performance to the post-CILC
performance. Major hypotheses which were evaluated were

increased Remove and Replace (RR) actions and fewer Remove,
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Repair, and Replace (RRR) actions, improved maintenance
P quality, and improved supply results. The experimental
| dclign compared maintenance performance results for the six
| wmonths preceding CIRF's implementation to the six months
%_, following its inatallation (5:7-10).

Performance Results

The Rand éorporatioﬁ conduéted the first studies where
actual "real world" performance was evaluated under a
centralized concept. Among the findings were an increase in
remove and replace (RR) actions. Obvioualf the transfer of
intermediate maintenance to th: . RF mandated this increase.
The amount of increase in RR actions varied by the bases
ac.ording to the stoéking positions. The Korean bases at
Kunsan AB and Osan AB reduced RRR actions by 48 and 51

:rcent. Kadena AB in Japan and Clark AB in the Philippines

3 reductions of 24 and 28 percent (5:15-16). Clark and
Kadena had smaller quantities of replacement components on
hai.. The RRR rates remained below the pre~CILC levels

th.oughout the examination periods. The study mentioned the

dichotomy of feelings from maintenance managers about RR
versus RRR maintenance. Most managers felt more secure with
local intermediate repair being immediately available.

In essence, the flexibility offered by manpower is
greatly preferred over additional spare parts (20:9-11).

The Rand study suggested that RR actions would enable PACAF

to achieve higher aircraft availability rates. 1In fact the
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availability rates increased by 6§ and 23 percent at Kunsan

AB and Osan AB. At Kadena, the availability rates declined
. for all airframes. During this time frame, Kadena vas
increasing its F-4D fleet while decreasing its number of
PQQCa. This change in Kadena's airframes complicate= a

}m“ comparative analysis (5:11).

! Manpawer Savings

! The analysis of PACAF manpover records revealed that
i ) ’

only 27 positions were saved as a result of implementing

PTh e e T

CILC. The study attributes the amezll reductions to the fact
that F-4 engine maintenance had previously been consolidated

at Kunsan for both Korean wings. The primary manpower

LT I T T

impact was that the annual number of remote tours required

in Korea was reduced by 130 men. The relocation of these

TIPS UPRY.

130 maintenance slots to Kadena would allov stabilized three

year tours and reduce manpower turnover (5:17). . 8

Improved Reliability

In addition to improved readiness rates in Korea and
decreased short tours, the maintenance data suggested that
the time between maintenance actions was increasing. The

Rand study suggested that assembly line production methods

wvere enhancing the quality of maintenance being performed.
The increased time between maintenance actions for CIRF

items resulted in a 42% reduction in man-hours by the FOLs

per sortie (5:19). In essence, the CIRF allowed the wings'
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maintenance personnel to devote more time and attention to
on-equipment actions. This focus on flight-line maintenance
improved sortie production.

Glven the positive results of these early studies, PACAF
elected to maintain the CILC structure. The primary reasons
for its adoption were the perceived threat to the Korean
bases, rcductioq in remote tours to Korea, and the positive
impact on éoaco and var operating capabilitics.' PACAF felt
cost was a sccondafy factor. In fact, many of the officers
intervieved, suggested that the CIRF wvas eatablished based
upon its wvartime merita. Mr. Barrett, from headquartaxs
PACAF, who has served on the logistics staff during the
entire period, stated that the "CIRF was an integrated
logistics concept dcsignod to meet both peacetime and
wartime demands® (2). The maintenance structure remained in
place until late 1986. At that time, changes in the
perceived vvlnerability to Kadena made PACAF re-evaluate its
raintenance structure. ‘Based upon new basing locations for
Soviet Bear bombers, PACAF decided that centraiizing all its
intermediate repair assets in one location was too risky.
The decision was made to disperse intermediate tepiir back
to the individual bases.

One may ask about the remainingj vulnetabiiity to the
Korean bases. In essence, it narrows down to having several
targets instead of one centralized facility. This study
remains unclassified, so the exact vulnerability studies

wvere not reviewed. Survivability remains a key measure of
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wartine effectiveness and its conaideration impacts all
logistics strategies. This research acknowledges this
shortcoming, and attempts to make general observations
concerning vulnerabilities. The existence of secure lines
of coamunicatinn, transportaticn, and command and control is

vital to centralized intermediate maintenance.
Current PACAF OQutlook

In early 1987, then Brigadier General Joseph Spiers
. tasked PACAF agencies to re-evaluate the CILC strategy which
was by then referred to as the Pacific Logistics Support
Center. The original CIRF at Kadenz had been augmented
through the years and nov included a small depot ropiir
center knovﬁ as the Support Center for the Pacific (SCP).
Consequently the CIRF is known today as the Pacific Logistic
Support Center (PLSC).

The assigned stucdy addressed the positive and negative
aspects of centralized intermediate maintcnanéc versus

dispersed intermediate maintenance.

Positive Impacts 51987)

Among the pros for centralized intermediate maintenance

vere the following:

l) Centralized management of spares and push
distribution allows parts to b¢ pushed to the unit with
the greatest need.

2) Cc-location with AFLC's Support Center produces

synergy and reduces the number of items returned to the
U.S. for repair.
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3) PLSC serves as a atrong, centralized point of
contact for AFTO 135 submiasiona which allows
b intermediate maintenance to be enhanced.

4) PLSC provides interme tate support for duploying
unitas. Unita don't have to t  on airlift for
intermediate support.

k S) PLSC allova operations to be the same in war or
! peace. Unita don't have to vperate without interaediate
support for the normal 30 days.

6) Plexible pipeline can support any éoploytd
location alloving easier relocation of units.

7) Personnel benefit from long stablas tours at
Kadena allowing better training and job continuity
versus short tours in Korea.’

8) 1Industrial economies of scale allow cross-
cannibalizatiocn betveen support egquipment and provide
back=-up options. PFor example = Rand study indicates two
F=15 AIS's (Avionics Intermediate Sets) operating
together can support 50 sorties per day. Independently
they support only 28 sorties. (27:10-11)

These current pros for centralized intermediate

maintenance parallel]l many of those mentioned earlier. The

experience of PACAF has been that centralization ptovidts

both pro and con resulta. Their overriding concern about J+
survivability dictated their decision to decentralize. }

Given the existence of a secure “"safe haven®, PACAF

apparently would have been content with centralized

maintenance. The cost differential betveen the concepts is

becoming more pronounced. Rising coats in manpower, spares,

and support equipment limit funding and the ability of the
Air Force to sustain combat capability. PACAF also examined

the negative aspects of centralization.
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n.gn:ivc Aspects

Listed among the negatives in the 1987 study were the

following:

1) Added pipeline eats up parts with tranaportation
and processing time.

2) The PLSC is less responsive due to pipeline
times and less visible and sensitive to unique unit
requirements. Unit raintenance commanders vould be more
likely to use overtime and surge intermediate
saintenance production.

3) PLSC thuitda increased management attention.
Units must deal with an added external agency to resolve
support problems.

4) Unique nature of PLSC within the Air Porce
complicates mobility planning for TAC unita. TAC units
nust design unique mobility packages for PACAF
deployments. _

§) Line replaceable units (LRUs) must be shipped
from units to PLSC for Time Compliance Technical Ordera
(TCTOs). This increases implementation times and
creates management problems.

6) PLSC depends upon secure reliable transportation
to perform its mission. If that transportation aystem
is hindered or limited during war, the PLSC's
effectiveness falls. (27:11)

These negative results of centralization mitigati the
positive resulta. The complexity of the iassue touches upon
many areas. Logistics support, by its nature includes hany
different vaciables which all impact upon a unit's
capability. PACAPF initially studied and later implemented a
centralized atructure for intermediate repair. The
p&ttornancc results generally vere positive; but to some

extent were inconclusive. This atudy attempts to assess the
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mission capability vernus the cost of the two atructures.

This balancing of capability againat cost is difficult to

accomplish. Current and future fiscal realities dictate

that the Air Porce tackle this balancing act.

Syssary

|
!
b

This chapter reviewed the hiatorical orgins of
Centralized Intermediate na{ntcnchco and presented past and
present results of the logiatics strategy. Current PACAF
cutlooks on its experience with the maintenance concept vere
shared along with PACAF's rationale for abandoning the
concept. The following chapter describes the research

wethodology.
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III. Methodology

Chapter Overview

L5 R S

‘This chapter describes the research methodology |
undertaken to accompliah‘the research objectives; First, a
revievw of the rese#rch guestions raised in Chapter I are
presented. Then the rationale and incentive for utilizing
computer simulation is given. Further, a description and
explanation of the Jet Engine Maintenance Simulator (JEMS)
model is provided. Finally, the data colle<tion method for
maintenance costs is presented and the methocd of comparing

costs is detailed.

Research Objectives

The primary objective of this study is to measure the

impact of maintenance structure upon combat capability. The

focus is specifically upon intermediate level maintenance.
What additional'capability does organ.c, co-located

intermediate level maintenance provide a unit? How much

does this additional capability cost compared to a e
h centralized intermediate structure? The multiple factors

which impact maintenance support performance present many

problems in designing a research design. The direct impact

of factors: such as supply policies, personnel proficiency,

and mission assignmerts all impact maintenance performance.

30




SRS TR R S0 S05S D Sl A SR SRR 5 R i atinds il RIS 2 etk 3k £ A A T e e R B S R NP
PR A L3 = EEP SRR RS SIS N A A St S0 U U RS P G A e R Y S P P e L AR S I AT, e

To gain maximum control over the research environment, the
use of computer simulation was selected. Banks and Carson
state that simulation is an appropriate methodology to use
when experimenting with alternative structures (l:4). The
main advantage of simulation models is their ability to
capture the interaction effects of elements of a system and
diéplay it as a2 measure Qf performaﬂée. Therefcre, if two
alternative mﬁintenance strdctures are available, simulation
may be used to test their performance under varying
.conditions such as repair times, resources availaﬁle, and
transportation times. The simulation model can account for
these varying conditions and record performance in the form
of a performance measure. If the characteristics of the
system are accurately captured by the model, the perfofmance
factors generated should be accurate estimators of system
performance. ‘

To enhance the crédibiiity of the simulation effort, the
author chose an existing AFLC model which had been
previously validated. To further enhance the chances of
successful replication, "real world" quantities of
maintenance resources, spare engines, and flying hours were
collected to initialize the model with present F16 engine
factors. The engine data on General Electric (GE) Fl1l0
engines was readily available and detailed to the degree
required by the JEMS model.

The implicit assumption made is that F1l6 Jet Engine

Intermediate Maintenance (JEIM) is representative of
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intermediata level maintenance. The JEMS model is
specifically designed to allow Air Force managers the

ability to assess alternative maintenance concepts.

Jet Engine Maintenance Simulator

PRI AR
CIAPTRE SRR

JEMS is a Monte Carlo simulation model that is used by

aircraft engine maragers and analysts to relate engine ‘

VT8 S AN

logisﬁics support to aircraft availability and other
measures of mission accomplishment. The model tracks the
removal, transportation, resupply, and repair actions
required to provide logistics support for propulsion
engines. ‘The user can design a specific flying hour
scenario and build a variety of alternative support

structures. The Monte Carlo nature of the model results in

some variability in results due  to stochastic events
triggered by the use of random number streams. This
variability téquires the averaging of results from several
simulation runs. From the previous exparience of the
Management‘SCiences'Division at AFLC, the author chose to
run JEMS and average the results of five runs. For this
study, a comparison will be made between centralized
intermodia;e repair ("Queen Bee Structure") and collocated

organic intermediate repair. The output of the model

provides the number of available aircraft (based solely upon
an installed servigeable engine) and gives utilization
statistics about the various maintenance resources. JEMS

also outputs a table for specified days to show where the
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engines are in the pipeline and where maintenance backlogs
 are .occurring (21:1-3).

. Critical to this astudy is the ability of JEMS to place
JEIM at either a Main Operating Base (MOB) or a Forward
Operating Location (FOL). This flexibility allowed the
author to directly compare a centralized JEIM maintenance
concept to an organic JEIM concept. The principle measure
of effectiveness will be aircraft availabilii}. L;ter, the
secondary considerations of cost and efficiency will be

compared between the two maintenance concepts.

Research Design

The experience of PACAF in utilizing centralized JEIM
prcvided'an opportunity to explore its impact and its '
potential use in other locations. The author chose to
compare thé potential mission capabilities of two F16 2ACAF
vings with two F16 USAFE wings. Originally, the author
hoped to use JEMS for modeling the GE Fl1l0 engine and a
modular version of JEMS to compare Pratt and Whitney (PW)
F100 engines. Time constraints and the need for a more in-
depth analysis of the simulation results prevented the F1l00
simulations. Currently, the ¥16 wings chosen for
consideration have transitioned to the GE Fll0 engine. The
use of the Fll0 engines at these locations and the
availability of the Comprehensive Engine Management System
(CEMS) data —ade the research choice. logical and realiatic.

The F16 wings chosen were Misawa Air Base (AB), Japan and
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-operational with F1ll0 engines. The guantity of spare F1l1l0
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Kunsan AB, Korea in PACAF. In the European theater (USAFE),
the chosen wings were Ramstein AB, Germany and Torrejon AB,
Spain. During the early stages of this research, Kunsan and
Torrejon were in the process of conversion to GE F1l1l0
engines from PW Fl00 engines. Cornsequently, the initial
quantity of spare F1ll0 engines was unusually high and the

author chose to assume that both wings were fully

engines was adjusted to reflect the “planneé" spares levels
after completing the ;;ansition to Fl10 engines.

The complex reality was that Kunsan AR and Torrejon AB
had a mixture of F1l00 and Fl1l0 engines installed in its
aircraft. To utilize JEM3, only one type engine could be
present. Therefore, the assumption was made ihat all wings

only had F1l0 engines installed. By August of 1988, all the

wings had completed conversion to Fl10 engines and only a

small remnant of F100 engines remained.

Input Data . iy

Available sources at AFLC provided the required input
data for JEMS. Among the other sources were the F16 Systems
Program Office (SPO), Fl1l0 SPO, and PACAF headquarters. The
nature of the study dictated the adoption of a case study

approach. Since PACAF alone had operated under a

centralized intermediate structure, PACAF was the primary

source for data. During the early stage: of research, the

Ky
¥
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author met several people who had served in PACAF during the
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operati~n of the CIRF. The use of unstructured interviews
with many of these individuals, broadened the author's
background. Among those interviewed were Major General
Joseph Spiers who served as the Logistics Chief when the
decision to decentralize intermediate maintenance was made.
Also interviewed were retired Major General Jack Waters who
'holpcd establish the CIRF, and retired Colonel Wayne Rosholt
who served as the CIRF's commander. The posiiions heid by
these individuals made them well qualified to comment on the
paafiand prosdnf performance of the CIRF. In addition to
these, there were five maintenance officers who served in
PACAF who were guestioned about the operation of the CIRF.
The specific focus of these interviews was upon our research
questions. How did the centralization of intermediate
repaif impact PACAF? Did the Air Force save money? Was -
éeacqtime combat capability impacted? Appendix C lists the
quéationa asked duriny these unstructured iﬁte:views. These
interviews and perceptions about centralized intermediate
maintenance were used mainly as a guide to orient the
simulation effort. Areas such as transportation times,
aircraft availability rates., supply policies, and repair
cycle times were highlighted for £uther examination througn

the insights and experiences of those interviewed.
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JEMS Data

The JEMS model required a variety of detailed input data
about the chosen F16 wings. Among the needed data were
peacetime flying hours, spare engine levels, removal i

intervals for Fl1ll0 engines, repair pipeline times, and

Al

mdinﬁenanci assets. The author used the avaiiable

historical data from PACAF to deaign\a hypothetical

: structure in USAFE with centralized JEIM located at Kemble
| AB in Great Britain. After the simulation runs were |
complete for a centralized structure, an organic JEIM

structure was modeled. A direct comparison will be made

' 14
2 R W T R T - T

between the centralized structure's performance and the
organic structure. What difference, if any, is there ' '
between aircraft availability between centralized engine
support and collocated organic JEIM support?

The JEMS model was run for leoipctiods for the following
scenario: 1) 90 days of peacetime operations, 2) 30 days
of wartime operations, gnd 3) 60 days of sustained

operations. The peacetime flying hour scenario wvas

initially modelled using *actual" peacetime flying rates.

The actual monthly flying hours for the four wings were

collected for the previous eighteen months. The actual
wartime flying scenarios were classified, so the author
choze to set wartime flying rates at 2x the peacetime rate.
The sustained flying program was placed at 150% of the

peacetime flying schedule.
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After several initial simulation runs, it became
apparent that the given flying scenario generated little
maintenance activity over the 180 day scenario. Most
likely, the removal interval of 229 hours was the principle
cause. Moat Fl6 aircraft fly approximately 45 hours per
month. As a result of this utilization, an aircraft would
only receive a new engine every five months. Since the 229
hour interval represents officisl Air Force projections, it
vas retained in JEMS and a 312.5 hour interval was used for
the wartime and surge scenario. The 312.5 hour interval
represented the latest actual data from March, 1588. Recent
problems with cracked compression blades will drastically
affect removal rates (19).

In an effort to create more maintenance activity, the
author increased the flying hour program. The author
visited with Mr. Robert sims of Synergy, Incorporated who is
employed - a defense analyst. Mr. Sims is currently
conducting a contract study for the Air Force known as the
*Plateaus Study" which examines at what levels of
reliability should maintenance structures change. The
Synergy study is examining the F16A.model with PW F100
engines. The sc~~ario includes two PACAF F16 wings and two
USAFE Fi6 wing:. The Synergy flying hour program was input
into JEMS to compare its results with the previous runs.

In contrast {- “he actual peacetime data, the Synergy
s~enario greatly «xceeded both PACAF and USAFE vartime

capabilities. To mitigate these discrepancies, the flying
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hour program was placed at an equally distant point between
actual peacetime flying rates and the Synergy study. An
important point to be made is that both the centralized JEIM
simulation runs and the organic JEIM runs will be impacted
the same. In other words, both maintenance toncepts are
being evaluated under identical flying scenarios (30).

This equal treatment or balancing of research design was
maintained throughout the study. Only those variables tha£
change directly with maintenance structure were allowed to
vary during the simulation runs. Aﬁong those variables were
transportation times, épare engine levels, and maintenance
resources. A brief discussion of these variables follows
with explanations given as to why they vary directly with

maintenance concepts.

Transportation Times

One of the primary differences between organic JEIM and
JEIM at a centralized facility is the transportation of
assets between the repair facility and the flying wings. 1In
this study, Standard Air Force Manual (AFM) 400-1 pipeline
times were used to establish a baseline for both JEIM
structureés. Since collocated JEIM requires no
tranaportation for intermediate maintenance, the JEMS model
was adjusted tc reflect this reality. For centralized JEIM,
the AFM 400-1 standard is four days transit for intra-
theater shipments. The transport time for base to depot

shipment.a is eight days for USAFE and nine days for PACAF
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wings. The only time an organic JEIM wing would be
dependent upon the transportation of assets would be for
spare parts and the complete overhaul of the Fl10. The Air
Porce currently plans upon a depot return rate of only seven
percent. Only seven percent of engine failures should
ultimately rely upon depot repair for the F110 engine (7:2-
5).

Spare Engines

_ The added time to the rcpair'éycle caused by the
transportation of assets requires additional spare engines.
In PACAF, AFM 400-1 allows six additional spare Fll0 engines
for centralized JEIM. Under organic JEIM each wing is
authorized eight spare engines for a total of sixteen.

Under centralized JEIM at Kadena, PACAF was authorized 22

F110 engines. Within.USAFE. the author used the same ratios

for the hypothetical centralized JEIM. With centralized
JEIM nine additional spare engines vere authorized for a
total of 27 engines. More were present in USAFE because
Torrejon has three squadrons or 72 aircraft. Witﬁ organic

JEIM, the twvo USAFE bases had eight -spare engines at

Ramstein and ten at Torrejon. These spare engine lavels

were input to the JEMS model according to the given
scenario. Real world CEMS data reflected the actual number
of spare engines. If shortages vere present, they wvere
adjusted upwards to reflect the AFM 400-1 engine

requirements. After establishing the baseline results,
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further runs vere accomplished to measure the impect of

different spare engines levels.

Maintenance Reaocurces

A principal argument in support of centralising
intermediate repair is improved efticiency and reduced costs
(3:4-5); To reflect this position, the initial Jkns Tuna
placed fewer maintenance crews, test ciila. rollatandl. and
hardstands at the central repair facility. After a few
initial ruﬂi, it became élca: that ranpowver was the
principle bottleneck. To provide balance tc the subseguent
runs, the maintenance resources wvere made equal for both
structures. The principle difference was the transportation
time. Did the additional spares compensate for the
tranapputatidn time? What are the differences between peace
and war? The results of these questions will be presented

in the following chapter.

Statistical Testing

To evaluate aircraft availability as a measure of
effectiveness (MOE), the 2 statistic will be used. The
average availability of aircraft ready for peace, var, and
sustained operations will be calculated for the various
scenarios. The actual average for aircraft availability
over the previous two years' has been 83.4% for PACAF and
88.8% for USAFE (4l1). These readiness rates equate ko

approximately 94 of 113 aircraft being mission capable in
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PACAPF and approximately 110 c¢f 124 aissior capable in USAFE.
The posseased aircraft figures are based upon data from
June, 1988. Since the sample sizea are greater than 30, 2~
statistics will be calculated for each sinulation run and
will be compared for a centralized JEIM structure versus an
organic JEIM structure.

The aaaunptiona vhich must be met for using the 2
atatiatic are as follows:

1) The sampling diastribution of (X, - xz) is
approximately normal for large samples.

2) The mean of the sampling distributicn of (xl - X;)
is (Ul - Uz)a

3) If the tvo samples are indepeandent, the standard
deviation of the sampling distribution is rapresented by
pooling the sample standard deviations (22:334).

The two tailed test will be conducted to determine if
aircraft availability is statistically significan: at a 95 %
level of confidence. The Ho for the test will be that the
average availability does not differ. Ha for tha test will
be that the availability rates do differ. With this design

ve can be 95\ confident in our research results and wninimize

the chances for a Type I error (22:335).

Research Design

The JEMS model allowed the author to build a ressarxch
design which focused specifically upon those variables which
change directly with maintenance structure. The maintenance
structure, as wvas noted above, directly impacts
transportation, spares, repair times, and manpower. The
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Rand studies in Chapter 1l directly cited CILC as a strategy
vhich ceplaces manpover with apares. The initial runs of
the JEMS model utilized standard pipeline factors for
transportation, spares, nnd~tcpclr times. Equal numbers of
maintenance crevs and repair resources vere input into JEMS
to balance their potential impact upon aircraft availability
r;aulta. Centralized JEIM vas modeled for our two PACAPF
vings as vell as our two USAFE wvings. rdlloving‘thasc
initial runs, it vas decided to measurc the impact of
transportation time upon aircraft availability. If the
repairable assets could be transported in tvo days rath;é
than four, how would that impact aircraft availability?
Simulation runs for centralized JEIM were accomplished for
the standard four day in-theater transit times and later for
two, five, and six days. The objective vas to determine if
transportation was a bottleneck in ﬁho repair process.

These éiftcrcnt transportation times will be statistically
tested to determine whether they vary significantly from co-
located JEIM repair.

After this was accomplished it vas decided to make
simulation runs by increasing Fll0 spare engines by 25% for
both PACAF and USAFE wvings. This increase in spares was
accomplished for both centralized JEIM and organic JEIM
structures.

Following these early runs it was evident that manpower
shortages vere creating backlogs in JEIM. To adjust for

this problem, the number of maintenance crews vas increased
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by approximately 33% for both structures. Theae results
alao were statistically tested to determine if any
difference in availability existed.

The final simulation runs evaluated more realistic

pipeline factora. Pipeline studies show that pipeline tiwmes

are almost alvays exceeded. Therefore the repair cycle
tiznes vere increased by 25\ to asseas its impact upon P16
availability. These results also vere tested statiatically

for comparison. In essence, the JEMS model allowed they

author to oviluato the independent impact of tranaportation,

spares, repair crews, and repair times upon aircratt
availability rates.

From the reviev of the literature in Chapter II, theae
factaors greatly iﬁpact any maintenance organization's

performance.
Maintenance Cost Data

The JEMS model was used primarily as a capability
assesament tool. Intuitivoly, one can recognize that
additional time in the repair cycle for transpoctation
degrades ~uuhzt capability. The JEMS model allowed the
author to measure the impact of centralized JEIM versus
organic JEIM. 1In this portion of the study the focus will
be upon the comparative costs of the different maintenance
support structures. The coat elements which will be
compared are intermediate support costs, transportation.,

initial spares, var reserve spares kits (WRSK), spare
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spares, and support equipment. Data was collected from
PACAF cnd other agencies which depicted the difference in
costs between organic intermediate maintenance and

centralized intermediate maintenance.

Intermediate Support Costs

Based upon the reported costs for F100 intermediate
maintenance in the first gquarter of 1987, a comparison ﬁill
be made bctween PACAF and the USAFE wings. The maintenance
support costs for the four vihga will be‘éollected and then
converted to a maintenance cost per flying hour. The data
will then be used to compare the hypothetical costs for
several of the JEMS runs. The use of this data will allow
the author to match "real world" cost data with the
simulation results.’ Amgng the‘assumptions made is that F100
maintenance costs are not-gregtly different from F1ll0 costs.
The modular nature of the F100 engine may call this
assumption into question. Still the analysis will be made

for both centralized JEIM and organic JEIM.

Transportation Costs

Added to the centralized JEIM maintenance costs will be
a charge for transportation. The Military Airlift Command
was contacted to obtain shipping charges which would be in
effect for FilO engines. The weight ar.d dimensions of F1l1l0
engines vere used to determine the roundtrip cost to the

Tactical Air Command for transporting F11l0 engines. The
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f actual number of F110 removals is provided by the JEMS

simulation model.

Initial Spares, WRSK., Replenishment Spares

The maintenance "Plateaus Study" being conducted by
Synergy includes cost comparisons for centralized
" maintenance versus organic ﬁaintanance. Based upon the life
cycle cost data provided by Synergy, the author_will make
comparisons for the study's 180 day spenario. The relative

costs for initial spares, WRSK, and replenishment spares

=TT,

will be calculated for each maintenance concept. Simplistic

assumptions about interest rates, cost allocations, and
economies of scale will be made to facilitate the

comparison.

Spare Engine Costs

The cﬁrrent costs of F1l1l0 enéines (March, 1988) will be

compared between the two maintenance structures. This cost

will not include recurring maintenance and will be computed

18 a spare engine cost per aircraft. The total cost will

e e—— e £ e AL

include the price of warrdnty which is usually purchased

from General Electric.

F Support Equipment Costs

The F16 SPO contracted with Technology Applicationsa,

Incorporated in Dayton, Ohio to study support equipment

costs between PACAF and USAFE. Based upon Technology
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Applications' study, the difference in support equipment
costs is shown. The study divided support equipment into
three different categories. The categories were avionics
(AIS), engines, and others. Based ubon this data, the

author computed a support equipment costs per aircraft.

This assumes the support equipment will remain in service
for the life of the wing and does not include its
maintenancc costs. The only coasts considered are the

current procurement costs.

=

Overall Cost Comparison

o e T
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The overall cost comparison was obtained by combining

L)

iy

the previously mentioned cost elements: intermediate
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support, transportation, initial and replenishment spares,
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WRSK, spare engines, and support equipment. Which

K

maintenance structure costs more? Does centralizatién

teaily save money? At Qhat cost does organic JEIM achieve
higher combat capability? These cost comparisons represent
rough estimates and readers should recognize that many other
eleﬁents vould require consideration. Costs for facilities,

training, and perbonnel are among those not considered.

Summary

This chapter briefly restated the study's research
objectives and outlined the research design. The

methodologies outlined within this chapter will examine the
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impact of é‘ntralizod intermediate repair from three
dintinct/pcrapcctives.

The first perspective is the historical results from
PACAF. The use of PACAF documents and research studies
allowed the author to build realistic scenarios for computer
simulation. The uae'otathe JEﬁs model provided a combat
capabiliﬁy assessment measure of comparison. The final
compgribon made will be upon the relative costs of the
different support structures. This research design nffers a
realistic assessment of the costs and benefits of different

idtermediaté maintenance concepts.
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IV. Results

Chagt§r Overview

This chapter presents the research resuits of this

~atudy. First, the JEMS simulation results are given and

compétedzstatiaticnlly. Aircraft availability rates vere
compared Ebfﬁboth intermadiate maintenance concepts.
Folloving the availubilxty comparisons, the costs of the
alternative maxntenanco concepts vere examined. Both fixoé
costs and variablo Tosts were collected to measure the

relative egonomv o: the two maintenance strategies.
Introduction

The ultimate goal of this research was to evaluate the
iréact of centralized intermediate maint;nhnce upon mission
capability and coéﬁ.. The principle m=asure bf'merit for
capability assessment was air-raft qvailability. The JEMS
wodel allowed the author to have maximum control ovar the
researcn environment and to directly input current "real
world" facts into the simulation model. This research
design combined computer simulation‘vith reality. The cost
data wvas collected fromAA?Lc agencies and companies which
weis conducting coat studies for the Air Force. This
combined approach cllowed the author to compare both the
ralative benefits and coasts of the alternative maintenance

structures.
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This chapter is divided into five sections. Firsat, the
peacetime acenario is compared for aircraft availability.
Sections two and three focus on the wartime and sustained
scenarios. These sections summarize the aircraft
availability results and present the statistical comparisons
between the two concepts. Section four presents the cost

comparisons betveen the two concepts. Fixed costs such as

' support equipmeht. initial spares, and war reserve materials

are compared along with or-going maintenance support cpsts.
éoction five cémbines the data to provide an overall
analysis of the results. Iﬁ summarizes the positive impact
of organic intermediate maintenance on aircraft
availability, but also includes an estimate of the

additional costa incurred for this capability.

Scenario Description

Before presenting the simulation results, a r‘vicw of
the scenario being evaluvated is appropriate. The peacetime
flying hour scenario was based upon 45 hours per month for
each possessed aircraft. 1In éur astudy the following

possessed aircraft data vas used which wvas currcnt‘in June,

1988:
BASE NUMBER OF A/C
Misava 53
Kunsan 60
PACAFP (Total) 113
Ramstein 52
Torrejon 72
USAFE (Total) 124
49
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The JEMS daily flying rate wvas based upon 23 actual
flying days vithin a month. Major Keith Hicks from HQ AFLC

stated that this vas the current estimate for flying days
within a wmonth (18). Based upon this data the peacetime

flying rate vas as follows:

BASE HRS/DAY .

Misawa 104 b

- Runsan 117 Ln

PACAF (Total) 221 , : §

s Ramstein 102 i
. Torrejon 141
USAFE (Total) 243

Standard repair cycle times from AFM 400-) were used in
the scenario. The repair times are depicted in Appendix D.
The removal and installation time for a F110 engine wvas
estimated at four hours. This estimate was provided by
SMSgt Larry Lambright from the F1l6 SPO. SMSgt Lambright has
had extensive experience with the Fl6 propulsion engines.
The combined mean removal interval (CMRI) for the Fl10
engines was set at the official Air Force estimate for the
third quarter of 1988 for 229 hours. The maintenance
resources which existed at the time this study vas con&uctcd
vere input into the JEMS model. The number of maintenance
Crevs was estimated based upon Tactical Air Command's (TAC)
authorization of 52 engine technicians for a 72 aircraft
ving (12). Spare engine levels vere set to the level

computed for a centralized structure or an organic

atructure. A summary of the maintenance resource factors,

maintenance crevs, and aspare engine levels are provided in
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Appendix E. The performance of the wings under centralized
- JEIM versus organic JEIM vas provided by the JEMS model.

Centralized JEIM results vere evaluated for different

Rt REL

transportation times from the FOLs to the CIRF. Also, the

impact of increasing spares, crevws, and repair cycle times

% 9.

vas evaluated for both organic and centralized intermediate

maintenance.

KD Y SPRS I

: Section One: Peacetime Availability

The aircraft availability for centralized JEIM wvas
provided by the JEMS model for both PACAF and USAFE bases.

A"_. WI .

Separate runs vere made for transit times of two, four,
five, and six days between the MOB and the FOL. This was
done principally because of a comment by retired Major : .
General Jack Waters vho was instrumental in establishing. the E
CIRF. Waters felt that the CIRF in PACAF could have
performed better if ad;quatt resources had been put into
transportation assets. Transit times between PACAF bases

and the repair facility at Kadena averaged approximately six

days for Tll0 engines in our study. PACAF relied §
predominantly upon MAC space available resources and no
dedicated airlift assets were available to support the

transport of items between the CIRF and the PACAF bases. To

ol t.

evaluate this concern, several different transport times

vere input into the JEMS model (34).
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Peacetime Resulta

The following tables provide the average peacetime
aircraft availability for peacetime conditions. The tables
reflect the results for PACAF, and USAFE under both a
centralized maintenance concept and an organic concept.

TABLE 1.

Mean Availability Results for
PACAF Centralized JEIM (Baseline)

TRANSIT MEAN NUMBER OF MEAN PERCENTAGE
TIME SDAYS) A[C AVAILABLE AVAILABLE

2 95.421 84.4

4 _ A 95.233 84.3

5 94.954 : 84.0

6 _ - 95.571 " 84.6

4 (Repair Cycle 25%) 95.000 84.1

Mean Availability Results for
PACAF Organic JEIM

NO TRANSPORT MEAN NUMBER OF MEAN PERCENTAGE
A/C AVAILABL§ AVAILABLE
Betveen FOLs-CIRF 95.153 84.2
Repair Cycle (25% increase) 95.724 84.7
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TABLE 2.
. Mean Availability Results for USAPFE
B Centralized JEIM

TRANSIT MEAN NUMBER OF MEAN PERCENTAGE
A TIM DAYS A/C AVAILABLE AVAILABLE
P 2 111.454 89.9
| 4 111.596 90.0
L s 111.558 90.0
6 111.638 ° 90.0
4 (RC 25%) 110.650 89.2

** RC - Increased Repair Cycle

Mean Availability for USAFE
Organic JEIM

NO TRANSPORT MEAN NUMBER OF MEAN PERCENTAGE
A/C AVAILABLE AVAILABLE
Betwveen FOLs-CIRF ' 111.571 90.0
Repair Cycle (25% increase) 111.641 90.0

These vesults reflect standard repair times except for
the last entry which reflected an increase of 25 percent in
the repair cycle. Pipeline studies illustrate that Air

Force engines normally exceed pipeline standards (23:5-3-5-

optimistic. From reviewing the above results, 1t'appcars

that reducing transportation time and increaaing repair
cyclea has very little impact. Most likely, the spare
engine levels and the maintenance resources are adegquate to
meet peacetime flying schedules. The peacetime results for

increasing the number of spare engines by 25 percent and
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crevs by 25 percent are depicted in the statiatical analysis
section. These readiness results closely parallel the

actual peacetime standards of 85% in PACAF and 9508 in USAPFE.
It is iamportant to rexember that JEMS is only accounting for
the presence of an installed aerviceable engine. Obviously

many other component systems determine real world readiness.

Statistical Analysis

In oxder to assess the significance of the differences
in'availability. statistical tesats vere performed. Since in
all cases, the sample sizes equaled at least thirty, an
assumption was made that the data was normally distributed.
A Z-statistic vas calculated for each scenario comparing the
number of airératt available under centralized JEIM to the
number available under organic JEIM. The null hypothesis
(Ho) was that there was no difference betwveen the population
means in terms of the number of aircraft available, and tﬁe
alternative hypothesis (Ha) was that there was a significant
difference. Once this result vas obtained, it could be
determined if one sample vas significantly different, either
greater or smaller than the conparativc.sanplc. The

peacetime comparisons for PACAF and USAFE .ollow:
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TABLE 3,
PACAF Peace (Baseline)

Centralized JEIM Availability Versus
Organ!c JEBIM :vaIIlBIIItx

CENTRALIZED ORGANIC
SCENARIO MEAN sSb N MEAN SD N 4
2 Days 95.421 1.83 48 95.153 1.65 34 «796
4 Daya 95.233 1.83 48 95.153 1.65 234 «206
S Days 95.954 1.45 48 95.153 1.65 34 -.564
6 Days 95.57 .48 48 95.153 1.65 34 1.433
RC (25%) 95.000 2.79 48 95.724 .724 34 -1.780

**RC - Increased Repair Cycle

TABLE 4.
USAPFE Peace (Baseline)

Centralized JEIM Availability Versus
organic JEIM Availa ty

CENTRALIZED ‘ ORGANIC

SCENARIO MEAN SD N - MEAN SD N z

2 DAYS 111.454 1.13 48 111.571 .53 34 -.620
4 DAYS 111.596 .35 48 111.571 .53 34 .239
5 DAYS 111.558 <33 48 111.571 .53 34 ~.097
6 DAYS  111.638 .30 48 111.571 .53 34 .666
RC (25%) 110.650 4.100 48 111.641 .38 34 -1.660

** RC - Increased Repair Cycle

These results reveal there is no statistical difference
in peacetime availability at the standard confidence level
of 958. The closest the results came to being statistically
significant were vhen the repair cycles vere increased by 25
percent. For PACAF, the Ho can be rejescted at the 92.5%
confidence level. For USAFE the hypothesia can be rejected
at the 90.3%\ confidance level. These results strongly
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suggeat that there actually is a significant difference in
sicrcraft availability betwveen maintenance concepts vhen the
repair cycle increases.

what happens if the number of spare Fll0 engines is
increased by 25%? 1In PACAF, the spares computations allowved
22 engines for centralized JEIN at Kadena and 16 engines if
the maintenance is performed at the bases. An evaluation of
both concepts with 28 engines in PACAF for centralized JBINM
and 34 engines in USAFE for centralized JEIM vas completed.
Also increased vere the organic apares from 16 to 22 in
PACAF and fcrom 18 to 24 in‘USArB. These ratios basically
maintained the differential in spares for each maintenance

concept. The statistical results for these simulations

follow:
TABLE 5.
PACAF Peace (Increased Spares)
Centralized JEIM Availability Versus
atganIc JEIM xleIQEIIItz

CENTRALIZED ORGANIC
SCENARIO MEAN SD N MEAN SD N - Z
2 DAYS 95.42 1.25 48 95.32 1.28 3¢ «351
4 DAYS 95.42 <95 48 95.32 1.28 234 «380
S DAYS 95.15 .78- 48 95.32 1.28 34 -.693
6 DAYS 95.28 1.46 48 95.32 1.28 34 -~-.124

** RC - Increased Repair Cycle
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TABLE 6.
USAFR Peace (Increased Spares)
SENTRALIZED ORGANIC
SCERARIO NBAN 3D " ABAN SD n 4
2 DAXS 111.65 «263 48 111.60 .353 M -.67]
4 DAYS 111.8%8 «263 48 111.60 .3%3 3¢ -.32)
S DAYS ‘111 .68 .264 48 111.60 .353 34 .726
€ DAYS 111.51 .379 48 111.60 .353 M4 -.90)
RC (25%) 111.28 1.140 48 111.64 .380 234 -1.950

** RC - Increased Repair Cycle

Once again there vas very little statistical difference
in peacetime availability for organic versus eontt;llzod.
The only actual difference again fell in PACAF for the
increaser’ pipeline scenario. In USAFE, a difference in the
increased repair cycle scenario can be rejected at the 94.8%
level of confidence. It io important to note that this
scenario more accurately reflects “"real vorld® cvepair
cycles. The transit time within PACAF and the actual repair
cycles no:-ally exceed repair standards. In essence this
-conizlo ®a0ore accurately replicatea the real world
environment, vhereas the others are optimistic in nature.

The final pcaéotilc scenario involved increasing
sanpover levels. Originally ten repair crevs vere placed at
each CIRF. A repair crev consists of four technicians for
this study. This number allowved for three additional crews
to be located at the PFPOus for the removal and installation
of engines. Por the initizl JEMS runs it became apparent
that manpover vas the principle bottleneck. Virtually all
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of the JEIM backlog was attributed to a shortage of crews.
To adjust for this problem, the author incr;ased crews from
ten to fifteen at PACAF's CIRF and from thirteen to eighteen
at USAFE's CIRF. These changes increased crews from 16 to
21 in PACAF and from 18 to 23 in USAFE for centralized JEIM.
Organic crew increases matched centralized increases. These
increases'piaéed the additional crews wherever the JEIM
maintenance was being performed. For centralized JEIM, the
additional crews were placed at the c;REs; whereas for
organic JEIM, they were located at the'individual bases.

The statistical results of differences in availability

follows:

TABLE 7.
PACAF Peace (Increased Crews)
Centralized JEIM Availability Versus
organic JEIM Availabiliy
CENTRALIZED "ORGARIC
SCENARIO MEAN SD N MEAN SD N A
2 DAYS 95.70 .241 48 95.506 .424 34 2.410
4 DAYS 95.52 «+495 48 - 95.506 <424 34 +108
5 DAYS 95.24 «620 48 95.506 424 34 -2.280
6 DAYS 95.33 1.280 48 95,506 <424 34 =.845

RC (25%) 95.29 1.240 48 95.676 .278 34 =-2.070

** RC - Increased Repair Cycle
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TABLE 8.
USAFE Peace (Increased Crews)

Centralized JEIM Avail#bilit versus
: Organ!c JEIM AvaIIaBIIItx ,

CENTRALIZED ORGANIC
SCENARIO  MEAN sD N MEAN SD N z
2 DAYS 111.463 1.142 48 -111.576 .322 34 =-.650
4 DAYS 111.713 .218 48 111.576 .322 34 .788
5 DAYS 111.633 .341 48 111.576 .322 34 057
6 DAYS 111.463 1.142 48 111.576 .322 34 =.6%0
RC (25%) 111.575 .307 48 111.606 .357 24 -.410

** RT - Increased Repair Cycle

The statistical results from the increased crew runs
provided mixed reaﬁlts.- The USAFE results showed no
significant difference in the availability rates. The PACAF
results shoved statistical differences on three occasions.
The two day transit runs showed that centralized JEIM
provided better availability than organic JEIM. The five
day transit run and the increased repair cycle run showed
organic JEIM with better availability. These results lead
one to believe that under a peacetime scenario, centralized
JEIM can match organic JEIM results if repairable assets can

be shipped and received within four days.

In assessing the peacetime results, it appears that
there is only a small differential in availability for
organic JEIM versus centralized JEIM. The more realistic

repair cycle simulations suggest a substantial difference,
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but‘fh.'hbio optimiatié t:;nsit times show littlo
dif!eroncc. In nsscnca, if thc Air Force can ship items
vithin th-ater in four days or less, centralized JEIM
producos comparable availability rates. Over the entire

ac:nario fcr ‘peace, the tosulta wvere averaged and determined

/f' | that organic JEIH provided «7094 more aircraft per day.
| This totals to 63.85 qi;c:aft over the entire ninety day ':
e&dﬁgtio and increasél*a?éiiébﬁliﬁy by only .299%. 1In ‘
essence, there is little or no difference in mission

{capability between the maintenance concepts for peacetime

operations.
: (

Section Two: Wartime Scenario

T T Y Y T T A 1T L) L

The wartime scenario made the normal adjustments for s k
vartime cénditiéns. The reﬁair cycle was shortened to '!
reflect the adoption of twelve hour shifts and the flying ;

| hours were doubled to reflect the vartime surge |
requirements. No additional manpower assets wvere added to
place the‘oxisting structures to the maximum test. Airlift
constraints make this assumption appropriate. The only i
available JEIM vas that at the organic wings or the CIRFs.
The depot continued to provide depot support, but no lateral
support capability was aliowed'to exist within the JEMS
model. Although most plans call for a four to seven day
surge, the author choge to maintain the increased flying

scenario throughout the thirty days. This fact provides

more wartime results for comparison. The different
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transportation times vere maintained and it was assumed that
ihQ ttansportation routes would remain in service. This
last assumption touches on t&p vulngrability issue of
centralized maintenance. As menticned earlier, this study
attempts to only assess th~ potential impact of
éenttalizatibn. Vulnerability issues and survivability
uiaaucs fail outside the limited scope of this study. The
3tudy alzo iisudes that the o#ganic\JEIM assets reﬁain in
sorvicevand survive, so the author feels the balance in the
atudy is maintained. The fcllowing tables show the baseline
availability results produced by the JEMC model. The
statistical results are also included to reflect the
relative differences in tlie maintenance results.
TABLE 9.
PACAF Wartime (Baseline)

Centralized JEIM Availability Versus
. OrganIc JEIM Availability

CENTRALIZED S ORGANIC
SCENARIO MEAN SP N MEAN SD N z

2 DAYS 78.38 6.77 30 80.59 3.46 30 -1.580
4 DAYS 73.16 6.32 30 89.59 3.46 30 =5.640
5 DAYS 79.74 3.74 30 80.59 3.46 30 =-.977
6 DAYS 80.84 6.86 30 80.59 3.46 30 .181
RC (25%) 68.71 6.26 30 91.51  2.41 30 -22.940

** RC - Increased Repair Cycle
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TABLE 10.
USAPFE Nartime (Baseline)

| SRR

Centralized JEIM Availability Versus
rganic M Asaila Lty

. CBNTRALIZED ORGANIC :
VSCSNARIO MEAN 8D N MEAN SD N 2 i
2 DAYS 95.61 4.82 30 104.84 2.64 30 -9.190 .
4 DAYS 103.9%6 3.33 20 104.84 2.64 30 =1.130 "

v 5 DAYS . 106.50 2.80 30 104.84 2.64 .30 2.350
v © 6 DAYS 108.98 1.97 30 104.64 2.64 30 6.877 .o
?ﬁg RC (25%) 73.63 9.07 30 106.78 2.19 30 -19.440 i
¥ . kS ‘ ** RC - Increased Repair Cycle: ?
The wartime results generally reflect that organic JEIM i
dves provide more aircraft. There were some instances in ;
USAFE where cesntralized JEIM provided higher availability ;
| rates. For the USAFE {ive and six day scenarios, the j

centralized JEIM rasults prodﬁced higher a;rcraft
availability rates. On the otner hand, the large negative 2
statistics for increased r;pait cycles clearly show the
additional caéability offered by organic JEIM. The JEMS
results clearly shov that repair capacities are quickly
exceeded during the wartime setting and that only additional
manning would impact JEIM support. Given the current ‘ .

manning within most TAC wings, it appears that this would

become the primary constraint. Whether the structure is
centralized or organic may become irrelevant to the JEIM

effort. On balance however, organic JEIM eliminates the

transportation requirements and shortens the resupply cycle.
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This ﬁoaitivc impact is particularly relevant in the
increased repair cycle simulatione.

Folloving the baseline runs, the increased spares
scenario vas run for the wvartime scenario. The results of
the additional spares are shown in the following tables:

TABLE 1l1l.
PACAF Wartime (Additional Spares)

Centralized JEIM Availability Versus
OtganIc_JEIH AvaIIabII@Sx

CENTRALIZED ORGANIC
SCENARIO MEAN SD N MEAN SD N z

2 DAYS 84.98 5.56 30 92.48 2.81 30 -6.56
4 DAYS 79.18 5.20 230 92.48 2.81 30 -l12.32
5 DAYS 80.41 6.15 30 92.48 2.81 30 -9.78
6 DAYS 74.37 8.68 30 92.48 2.81 30 -10.87
RC (25%) 76.22 6.40 30 93.39 .826 30 -14.38

** RC - Increased Repair Cycle
TABLE 1l2.
USAFE Wartime (Additional Spares)

Centralized JEIM Availability Versus
Organic JEIM Availability

"CENTRALIZED ORGANIC
SCENARIO MEAN SD N MEAN SD N Z

2 DAYS 110.42 .97 30 111.44 .333 30 -5.42
4 DAYS 108.78 6.96 30 111.44 .333 30 -2.63
5 DAYS 109.92 2.04 30 111.44 .333 30 -4.01
6 DAYS 100.04 5.99 30 111.44 .333 30 -10.41
RC (25%) 92.69 -6.36 30 106.79 2.19 30 -11.48

** RC - Increased Repair Cycle

The results are very evident for these simulations. 1In

all cases the large negative Z-statistics show that organic
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JEBIN provides more available aircraft. The fact that the
maintenance crevs are readily available reduces the repair
cycle times. The negative impact of increased
tranaportation requirements is readily aspparent.

The final wvartime scenario again involved increasing the
number of four man maintenance crevs. Once again as wvas
done for peace, the crewvs were increased from fifteen to
uightooﬁ tor-CIRru and to tventy-one and twenty-three for

organic runs. The relative impact is shown in the following

tables:
TABLE 13.
PACAF Wartime (Additional Crews)
Centralized JEIM Availability Versus
Organic JEIM Availabillit
CENTRALIZED ORGANIC
SCENARIO MEAN SD N MEAN SD N 2

2 DAYS 94.44 .71 30 91.51 2.59 30 5.97
5 DAYS 93.72 1.66 30 91.51 2.59 30 3.93
6 DAYS 76.22 6.40 30 91.51 2.59 30 -l12.13
RC (25%) 83.21 3.63 30 92.53 2.82 30 -11.10

** RC - Increased Repair Cycle
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TABLE 14.
USAPE Nartime (Additional Crews)

CENTRALIZED ORGANIC

SCENARIO MEAN SD N MEAN SD N Z

2 DAYS 111.49 .27 30 111.37 «45 30 1l.28
4 DAYS 111.31 .31 30 111.37 .45 30 -.54
6 DAYS 92.69 6.36 30 111.37 .45 30 -16.05
RC (25%) 106.21 3.89 30 106.79 2.19 30 -7.22

** RC -~ Increased Repair Cycle

The overall results for the wartime scenario for
additional crews reflects that organic JEIM does provide
additional aircraft. For PACAF however, it appears that
transit times of five days or less provide the advantage to
centralized JEIM. As the transportation time increases the
advantage shifts back to organic JEIM. Apparently at this
point, the additional spares provided toc a centralized
structure become depleted and the relative advantage shifts'
to organic JEIM. The same trend appears in USAFE only for
transit times less than four days. 1In general, the
conclusion can be made that wartime effectiveness is
enhanced with collocated organic JEIM provided that
centralized repair requires more than four days
transportation. At what additional cost does this
capability exist? That question will be addressed when the

cost comparisons are made. Overall the vartime scenario
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shoved that organic JBIM provided 18.532 more aircraft per
day on average than centralized JEIM. The bulk of these

additional aircraft came from the "realistic® repair cycle
scenario and the longer transit acenarios. These results

shovw that a total of 555.98 more aircraft would be available

for a thirty day var and that it increases availability by

-7.8\ over the duration of the wvar.

Secticn Three: Sustained Scenario

The final capability assessment comparison vwill be for
sust;incd operations. This scenario continued after the
vartime scenario for sixty days from day 120 until day 180.
The flying schedule vas set at 150\ of the peacetime
schedule and the repair cycle vas adjusted according to AFM
400-1 standards. All other planning factors remained
unchanged and no additional nanning vas added. This fact
should provide continﬁity to the overall scenario. The
cumulative results of the preceding peace and vartime
scenarios carry th:oﬁgh the sustained oporationa.. The
baaeliﬁe results of sustained operations are shown in the

following tables:
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TAMLE 15.

PACAF Sustained (Baseline)

CEMTRALIZED
SCENARIO NEAM S8 N MEAR
2 DAYS 75.34 4.28 60 85.19
4 DAYS 65.26 2.35 60 85.19
S DAYS 75.23 2.03 60 85.19
6 DAYS 71.85 2.64 60 835.19
RC (25%) 52.42..2.44 60 91.93

2 DAYS
4 DAYS
5 DAYS
6 DAYS
RC

All of the statistical results show a significant

** RC - Increased Repair Cycle

~ SCENARIO MEAN

TABLE 16.

4.35
4.35
4.35
4.35
2.51

USAPFE Sustained (Baseline)

Centralised
tglﬂh
CENTRALIZED

SD N MEAN
98.36 5.66 60 107.89
- 103.89 4.18 60 107.89
107.1¢ 3.30 60 107.89
109.54 2.17 60 107.89
108.47 3.49 60 111.59

L 2 ] Rc -

Increased Repair Cycle

JEIM Availability Versus
c JEIR ivaIIaBIII%

ORGANIC

Sp N z
2.44 60 -11.97
2.44 60 ~6 .40
2.44 60 -1.43
2.44 60 3.90
2.77 60 "6.90

advantage for organic JEIM except for the five and six day

scenarios for USAFE.

centralized JEIM with more available aircraft.

examination of the JEMS ocutput products offered no

explanation for these occurrences.

In fact the six day scenario shows

Further

The large negative 2-

acores for PACAF and the overall trend strongly support

67

R




%

.......

B i A N L T SR E S T SR Wl wien o leaut SR PR e Sus el R

organic JBIM. The variability within the JENS model could
be a possible explanation. In general though, organic JEIM
offers subatantial improvement over centralized JBIN for
sustaining engine support over a 180 day scenario.

To satch the peace and vartime resulta, the simulation
vas repeated vith additional spares input into the
scenarios. ldentical increases vere again msade to both the
organic and centralized structures. In PACAF, centralized
JBIM increased from twenty-two to twenty-eight spare
engines. ‘In USAPFE, cgnt:ali:cd JBIM increased from tventy-
seven to ﬁhitty-tout spare Qnginﬁl. Organic increases vere
from sixteen to tventy-two in PACAF and froa eighteen to
tventy-four vithin USAPE. The statistical results of having
these increased spares follow:

TABLE 17.
PACAP Sustained (Increased Spares)

Centralized JEIM Availability Versus
BrganIe JEIM chIIQBIIItx

CENTRALIZED ORGANIC
SCENARIO MEAN SD N MEAN SD N z

2 DAYS 82.01 3.71 60 94.43 2.19 60 -22.35
4 DAYS 76.1 2.38 60 94.43 2.19 60 -59.54
5 DAYS 74.33 4.14 60 94.43 2.19 60 -33.24
6 DAYS 53.75 2.23 60 94.43 2.19 60 -100.7S
RC (24%) 66.64 3.01 60 94.02 1.42 60 -54.70

** RC - Increased Repair Cycle
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TABLE 18.
USAFE Sustained (Increased Spares)

centr JEIN Avajilability Versus

anic vailid t
CENTRALIZED ORGANIC
SCEMARIO MNEAN SD n MEAR S8SD N

2 D‘!s 111.06 0'8. 60‘ 111059 0277 60 -‘.‘2
4 DAYS 110.61 1.43 60 111.3%59 .277 60 -5.19
S DAYS 107.74¢ 3.28 60 111.59 .277 60 -9.05
6 DAYS 92.16 1.40 60 111.59 .277 60 -105.10
RC (25%) 85.60 1.67 60 109.07 3.02 60 -~52.68

** RC - Increased Repair Cycle

In each of the above comparisons, organic JEIM provides
significant improvement in aircraft availability. The

results suggest that over time the transportation time will

. have a cumulative impact upon readiness. The results

suggesat that for peace or for short wvars, either concept

. offers adequate engine support. PFor long-term sustained

engagements, organic JEIM offers clear advantages.

Once the baaeline reau;ts and additional spares runs
vere complete, the additional crevs scenario vas repeated
for the sustained portion of the simulation. Once again
crews increased from ten to fifteen at PACAF CIRF locations
and from sixteen to twenty-one in PACAF for organic JEIM.
In USAFE, the crews increased from thirteen to eighteen at
CIRF locations and from eighteen to twenty~-three at organic
locations. The results of the increased maintenance crews

are reflected in the following tables:
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TABLE 19.
PACAF Sustained (Increased Crevs)

SCEMARIC HMEAN 8D n REAR SO N 2

2 DAYS 95.49 354 60 93.34 2.64 60 6.18
4 DAYS 94.04 2.36 60 93.34 2.64 60 1.%52
S DAYS 94.54 1.35 60 93.34 2.64 60 3.02
6 DAYS 66.64 3.01 60 93.34 2.64 60 -51.68
RC (25%) 86.77 S5.32 60 94.43 2.19 60 -10.31

** RC - Increased Repair Cycle

TABLE 20.
USAPFE Sustained (Increased Crevs)

Centralized JEIM Availability Versus
eggantc JEIN xvaIIQSIIItx

CENTRALIZIED ORGARIC
SCENARIO NEAN SD N NEAN S N 3

2 DAYS 111.557 .33 60 111.67 .31 60 -1.96
4 DAYS 111.603 .26 60 111.67 .31 60 -1.31
5 DAYS 111.493 .32 60 111.67 31 60 -=3.10
RC (25%) 108.470 3.49 60 111.59 .28 60 -6.90

** RC - Increased Repair Cycle

The added maintenance crevs produced some diversity. 1In
FACAF, centralized JEIM produced improved results for ’
transporting assets vithin five days or less. 1In USAPFE,
organic JEIM vas statistically better in each case except
for the tbut day scenario, wvhere the level of statistical
significance reached only 80.9%. 1In both theaters,

transportation times greater than five days gave organic
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JBIN the advantage. The realistic pipeline ascenarios also
produced superior results for organic JBIN. The aixed
vesults shov that centralized JRIN can produce competitive
results to organic JEIN if the transit times are decreased
sufficiently. It demand does not juatify the increase in
transportation assets or the cost of improvement is too
high, then organic JEIN has clear advantaje over centralized
JRIN. | |
The overall iapact upon readiness for organic JEIM
versus centralized JEIN vas 22.57 more aircraft per dgy.
This totaled to 1354.68 aircraft ovcf the aixty day
scenario. This amounted to an increased availability of

9.5% for both theaters.
Overall Results

The overall conclusion that can be made from the results
is that centralized JEIN can offer comparable peacetime and
vartime availabilities if sufficient apares and
transportation assets are made available. For sustained
operations or for longer repair cycles, organic JEIM offers
clear advantages. Current engine maintenance practices
suggest that there are insufficient dollars available for
procuring these assets for a centralized structure.  Air
Force leaders have adopted a “"self sufficiency® attitude for
their tactical units and have implemented logistics support
systems vith this strategy in mind. The next section will

deal with the economic impact of centralized intermediate

7
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maintonangg versus organic intermediate maintenance. The
study until now has focused exclusively upon engine
maintenance. The cost data will examine intermediate
waintenance as a vhole to include avionics and other
gubsystems. Each type of maingcnance has its own unique
circumstances which would impact any maintenance decision.
This research attempts to explore the potential benefits of
centrallization across the entire intermediate Spoctrun.
Both fixed and variable cosot factors change depending upon
s} ~cific maintenance tasks. Which areas offer the best
potential for savings whilélmaintaining comb;t
effectiveness?

Section Four: Cosi Comparisons

A Government Accéunting Office (GAO) report published in
1979 advocated the centralization of Air Force intermediaté
maintenance. The report suggested that substantial savings
could be realized in manpowver, support cquipment,‘and
improved efficiencies (13:1-6). As noted earlier PACAE
began centraiizing its intermedi?te repair in late 1976 with
positive results. The auther sought to obtuin cost data
from PACAF units and USAFE units to make cost comparisons
be.ween the alternative structures. Data found during this
search iricluded intermecdiate support costﬁ. initial spares
costs, war reserve spare kits (WRSK) costs, replenishment
spares .5sts, spare engine costs, and support equipment

costs. Also obtained was the probable transportation costs
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for shipping ?110 engines. This additional cost was added

to ﬁhc total expense for any centralized structure.

In aome.caaés the exact data was available; whereas, in
others aihblifying assumptions were made. Available astudies
, fromv5yn§rgy Incorpéiated and Technology Applications
Incorporated provided the basis for some assumptions.
Preference'waS'giVQn to obtaining variable cost data with
little success. The only variable cost data found was from

{ . the Air Force's Visibility and Management of Operating and

Support Cost (VAMOSC) program and the transportation costs. . 3
Since the simulation analysis was rigidly controlled, there
was little fluctuation in these variable costs. The fixed

costs chosen for inclusion directly fluctuate with

NG RO

maintenance.concepts. The quantity of spares is crucial to B
l any centralized structure. The need for additional spares H
to compensate for the additional pipeline times is a primary
disadvantage of any centralized structure. Reduction in | i

support equipment reqﬁirements is a principle plus for

centralization. Each cost element will be presented and
explained with emphasis or the primary differences between H

the two maintenance concepts.

Intermediate Support Costs

B L S

The VAMOSC system was established to provide aggregate
cost data for Air Force managers. The rising cost of
operations and support costs in the mid 1970's provided the

impetus for establishing the VAMOSC program (9:1-5). Using
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overall haihtcnanco support coaﬁa per £flying hour for FY 87
averaged 5;625 per ﬁour. Miking the assumption that
intermediate maintenance aécounts for one third of this
cost, total intermediate cost would he $541.66 per flying
hour. Thig represents a hypothetical average for all Air
Force F16 units. To directly compare PACAF to USAFE F16
units, intermediate maintenance data was collected from
Kadena from the firat quarter of 1987 (87-1) for PW F100
engines. .Alao collected were F1l00 intermediate costs for
F100 maintenance within USAFE. Within PACAF these costs
equaled $19.96 per hour vhile in USAFE they equaled $29.94
per hour. Unfqttunateiy this was the only quarter which
reflected costs being attributed to Kadena AB for Fl00
support. The Fl00 data was checked by Fl00 experts to
verify it consisted of only intermediate level tasks to
enhance the cost comparisons. Based upon these cost ratios
and upon Rand Studies, the author placed CIRF costs at a 20%
savings below the overall Air Force average. This placed
intermediate supporc costs at $433.32 for centralized
structures and at $541.66 per flying hour for oréaﬁic
structures. The twenty percent savings rate is conservative
compared to the 33% savings revealed by the F1l00 data. The
tventy percent savings was'cited by Rand in its analysis of
PACAF's performance after implementing centralized

maintenance.
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" Based upon these assumptions the combined savings within

PACAF wete as follows:

PEACETIME:
' (221 flying hours)(90 days)($108.34)=$2,154,882.60
- WAR: _
(442 flying hours)(30 days)($108.34)=$1,436,588.40
SUSTAINED: '
- (332 flying hours) (60 days)($108.34)=$2,158,132.80

PACAF TOTAL SAVINGS: $5,749,573.80

The realized savings with USAFE for centralized intermediate

maintenance would be :

USAFE
PEACETIME:
(243 flying hours) (90 days)($108.34)=$2,369,395.80
WARTIME: |
(486 flying hours)(30 days)($108.34)=$1,579,597.20
SUSTAINED: | ‘ |
(365 flying hours) (60 days)($108.34)=$2,372,646

USAFE TOTAL SAVINGS: $6,321,639

TOTAL OVERALL SAVINGS: $12,071,213

These potential savings represent the theoretical
savings which would be realized from improved guality of
maintenance, increased time between repairs, and improved
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o:t;gicncy. The initial Rand studies cited improvements in
reliability due to increased vorker proficiencies. Although
theoretical in nature, our available data supports our

assumptions.

Transportation Costs

An additional cost incurred by centralized structures is
the cost 9! transporting repairable items. To obtain an
estimate of potential transportation charges, the Air
Force's Military Airlift Commind (MAC) was able to provide
the round-trip transpottatidn charges from Kaaena to the Fl6
wings in PACAF and from Mildenhall B in England to the F1l6
wings in USAFE (4). No transportation rates were available
from Kemble AB to the chosen USAFE wings. Based upon these
transportation rates and the number of F1l10 engine removals,
the cost of shipping F110 engines was calculated. Prom this
cost for Fll0 engines, an assumption was made that Fll0
engines represented 40% of all transport costs in peacetime
and 33% of all costs during war and sustained operations.
Based upon'thcae assumptions, the total transportation

charges were estimated as followa:

PACAF (TRANSPORTATION COSTS)

PEACE: $377,064.39
WAR: $221,079.29
SUSTAINED: $332,132.29

TOTAL ADDED COST: $930,276.37
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For USAFE the charges from Mildenhall to Ramstein were

considctubly Ehoaptr. The estimates for USAFE were:

USAFE (TRANSPORTATION COSTS
PEACE: ' $256,343.13
WAR: $150,283.00
SUSTAINED: $632,357.32

TOTAL ADDED COSTS: $1,562,633.70

These cost estimates fall within the Rand studies
estimates for transportation costs. These added costs will
be included in the comparisons made between centralized and

qréanlc structures.

Initial Spares

The initial spares estimates for centralized
intermediate and organic in;crmed;ate came from a study
being conducted by Synergy Incorporated for thg Air Force.
The Plateaus Study focuses on comparing when it makes sense
to change muintenance structures. Based upon 8ynerg§'a mod-
metric results for wmaintaining a 90% availability rate, the
centralized structure required $38,225.35 per aircraft in
initial spares for peacetime. These results added five
additional days to the repair cycle for contializnd bases to
account for transportation requirements. The‘organic
structure required $29,388.17 in initial spares (36). To
tailor the Synergy results to this scenario, the assumption
vas made that the initial six month spare requirements would
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be expended at a rate equal to the flying scenario. As a
result the followving table would reflect th:s actual

expenditure of spares.

PEACE
CENTRAL IZED ORGANIC
$19,112.68 $14,694.09
| WAR
$12,741.78 $9,796.06
SUSTAINED
$ 9,556.34 $7,347.04

$41,410.80 TOTAL COSTS $31,837.19

TOTAL ADDITIONAL COSTS: $ 9.573.61 (per A/C)

In essence the Synergy study identified spares
requirements over an entire twenty year life of a weapon
system. We adjusted these requirements to a fifteen year
cycle and computed a peacetime expenditure rate. This
peacetime rate vas adjusted according to the flying schedule
to compare relative coats for our scenario. The cost

differential if absorbed entirely at the outset equals:

(Cost per A/C)(Cost per 180 days)=Total Life Cycle Cost
($9,573.61 per A/C)(30 times 180 days)=$287,208.30 per A/C
(237 A/C)($287,208.30)=$68,068,367

If the initial spares c-st is absorbed over the first

five years of the weapon system the initial cost is reduced
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to $22,689,456. Given the importance of spares to a
centralized structure, the assumption will be made that
these costs are absorbed at the outset of the weapon system.
These cost estimates do no include interest and assume costs

are allocated equally over fifteen years.

WRSK Cost Comgarison

The Synergy study served as the primary reference for
WRSK cost comparisons. The Synergy study showed WRSK costs

to be $496,032 per aircraft for a standard organic structure

 (36). The presence of prepositioned intermediate

maintenance within forward theaters should reduce WRSK
intermediate requirements. The author assumed a potential
savings of 25% in WRSK requirements based upon Rand's CILC

studies. Potential cost savings would be:

. ORGANIC
(496,032 per A/C) (237 A/C) = $117,559,580
CENTRALIZED
(372,024 per A/C) (237 A/C) = § 88,169,698

TOTAL SAVINGS: $ 29,389,896

The additional spares thuirod by a écnttalizod
structure would also augment the initial surge of var.
These initial WRSK costs alsc could be allocatsd over time.
If these costs were allocated over five years their 180 day
portion would equal $2,938,989.60. 1In the interest of
readiness, they also will be absorbed at the outset.
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Spare Engine Costs

" Another significant cost difference between intermediate
strategies is spare engine costs. If JEIM is centralized,
additional aspares are required to compensate for the
increased repair cycle. Since this atudy focused on Fl1l0
engines, the relative costs of Fll0 spares vere compared.
Given the presence of 22 spare engines in PACAF for a -
centralized structure and 16 spare engines for organic JEIM,

the difference in costs are detailed below:

PACAF ‘SPARB F110 !NGIN!S)
CENTRALIZED: (22 Spares)($2,667,866 per engine)=$58,693,052

ORGANIC: (16 Spares)($2,667,866 per engine)=$42,685,856
TOTAL ADDED COST: $16,007,135

Within USAFB. similar additional costs are incurred for

centralization:

USAFE ‘SPARB Fl110 !NGINES) A
CENTRALIZED: (27 Spares)($2,667,866 per engine)=$72,032,382

ORGANIC: (18 Spares)($2,667,866 pexr engine)=$48,021,588
TOTAL ADDED COST: $24,010,794
COMBINED ADDED COST (PACAF/USAFEZ)  $40,017,929

This additional cost for centralized JEIM equates to

$168,852.02 per aircraft more than for an organic JEIM
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structure. Thia high cost represents a major investment and
mitigates wany potentiil savinga of centraliszation. The
added spares should provide competitive combat capability

for a centralized structure (26:1-10).

Replenishment Spares

In addition to estimating initial spares requirements,
the Syncrgy *Plateaus Study" estimated replenishment spares.
The Synergy study estimated replenishment spares at $6.05
million per aircraft over the enti:e¢ life of the weapon
system (26:5). This cost estimate does not include either
engines of support equipment. If these costs are allocated
equally over ‘a gifteen year life cycle, they equal $403,333
per year. For a 180 day scenario, the costs would be
$201,667 per aircraft. Using thil figure as an estimate,
and PACAF studies, an overall replenishment spares cost was
calculated. In PACAF, supply planners catin‘to a 12%
increase 16 replenishment spatis for a dispersed naintohanco
structure. The advantages of push distribution and
centralized control over assets reduces recurring spares
requirements. Based upon these assumptions, the following

coat eatimates were calculated:

PACAF (REPLENISHMENT SPARRS)

ORGANIC: ($201,667 per A/C)(113 A/C)=$22,788,371

CENTRALIZED: ($177,467 per A/C)(113 A/C)=$20,053,771
TOTAL SAVINGS: $2,734,600
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These potential savings represent an estimate of wvhat
might be saved over the 180 day acenario for replenishment

spares. No adjustments vere made for vartime or sustained

increases.
Lo USAFE (REPLENISHMENT SPARES)
L. ORGANIC: "($201,667 per A/C)(124 A/C)=$25,006,708

| . CENTRALIZED: ($177,467 per A/C)(124 A/C)=$22,00%5,908
t TOTAL SAVINGS: $3,000, 800
COMBINED SAVINGS:  $5,735,400

The potential §5,735,400 in savings represents a
hypqthctic;l invings of centralization. Centralized asset
control and improved supply visibil}ty are perceived
| benefits of cenctralization. No adjustments to these totals

vere made fo:r surge operations because of airlift

constraints. In all likelihood, wartime resupply will take

several months to occur. : _ :*
g

Support Equipment Costs

The final category of cost which will be examined will _q
be support equipment. The Fl6 SPO contracted with

Technology Applications Incorporated to assess support
equipment requirements for PACAF and USAFE Fl6 units. The

contract study provided the table of allowvance

I

authorizations for centralized intermediate maintenance in

l"

PACAF as vell as for an organic structure. Based upon these
table of allovances, and the organic support equipment
82
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requirements for USAFE, cost estimates vere made. To
deteraine the potential savings, the asaumption vas made
that organizational level equipment would be the same in
USAFE as in PACAP. Based upon this computation, the overall
cost difference betveen the maintenance structures vas
calculated. The support equipment vas divided into
different categories. These catigorioa vere avionics,
Qngincs. and others. The overall savinga wvere calculated

for both PACAF and USAFE. The cost figures are provided

below:
F16 SPO STUDY
PACAF _SUPPORT EQUIPMENT REQUIREMENTS
AVIONICS
CENTRALIZED ORGANIC
$51,421,298 ‘ $60,047,352
ENGINES (F110)
$10,118,121.92 $9,229,957.92
OTHER
$20,772,669.18 $43,457,492.12
TOTALS
$82,312,089.10 $112,734,801.04
PACAF SAVINGS: $30,420,711.94
TOTAL SAVINGS PER AIRCRAPT: $269,209.83
83
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USAFE SUPPORT EQUIPMENT REQUIREMENTS
AVIONICS (ORGAMIC)

RAMSTEIN (48 PAA) TORREJON (72 PAA)
$18,393,944 | $36,560,726
ENGINES (F110)
$4,792,059.16 $8,174,778.44
OTEER
$35,581,148.08 . $53,157,470.65
TOTALS
$58,767,152.04 $97,892,975.09
USAPE TOTAL (ORGANIC): $156,660,127.13
SUPPORT EQUIPMENT PER A/C: $1,263,388

USAFE SUPPORT EQUIPRENT

CENTRALIZED (ESTIMATES)

AVIONICS: $51,604,131

ENGINES (Fll0): $21,469,794

OTHER: $44,096,223

TOTAL SUPPORT BQUIPMENT: $117,170,148

SUPPORT EQUIPMENT PER AIRCRAFT: $944,920

TOTAL USAFE SAVINGS: $39,489,981
84
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Based upon PACAF's organiszational equipment
cequireaents, potential savings for USAFE vere calculated.
PACAP's total intermediate requiresents for an organic
structure equaled $59,234,981. Based upon this figure.
USAFR's potential savings under a centralized maintenance
structure would be $39,489,983 (29:1-3). 1In essence,
centralized vould eliminate the additiénal inteczmediate
equipment for the second wing. PFrom the previous results,
it should be noted that this represents a consscvative
estinmate. Overall support equipment costs are higher in
USAFE than in PACAF. This fact msay be due to vartime
taskings, peacetime priorities, or funding support.
Whatever the cause, centralization would offer aignificant
savinga. Another fact vhich should be pointed out is that
centralization provides no savings in Fl10 maintenance
support. FPFrom tae cost data provided, it is clear that
avionics offers a clear opportunity for savings. This fact
highlighta the need to evaluate different maintenance
functions independently. Obviously an "all or nothing*
approach is not appropriate for intermediate level
maintenance. Some maintenance functions may be more

appropriate for centralization than others.

Overall Coat Summary

The overall cost comparisons for alternative maintenance
strategies is summarized below. Does centralized

intermediate maintenance really save money? The costs have
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been combined for the study's specific 180 day scenario.

Cost elements which are inciuded are intermediate support

costs, transportation costs, initial spares, WRSK,

replenishment spares, spare F1l1l0 engines, and support

equipment costs. The cost estimates are combined for both

PACAF and USAFE and a plus (+) sign represents a savings of

centralization; whereas, a minus (~) represents an added-

cost of centralization. Overall cost totals were:

COST IMPACTS OF CENTRALIZATION

INTERMEDIATE SUPPORT
TRANSPORTATION CHARGES
INITIAL SPARES

WRSK KITS

SPARE F110 ENGINES
REPLENISHMENT SPARES
SUPPORT EQUIPMENT (PACAF)

SUPPORT EQUIPMENT (USAFE)

TOTAL SAVINGS

The total savings in the cost calculations represent a

small percentage relative to the overall costs. The bulk of

+$12,071,213
-$ 1,562,631
-5$68,068,367
+$29,389 896
-$40,017,929
+¢ 5,735,400
+$30,420,711
+5$39,489,983

+$ 7,458,276

the cost trade-offs are from the spares requirements for !

centralized maintenance and for support equipment in organic

structures. The purchase of spares compensates for the lack

86




LDARRE gl T KRN Rt Sl adt Mt &b dliiaas s 2ne gt et ol ol SUIE T JIC TR
SRR NN S K oo i

of repair capability at the wings. On the other hand, the
tremendous cost of support equipment makes organic
structures very expensive. The minor cost difference
probably would not be a decisiou driver. Perhaps an
alternative structure could combine positive attributes of
both structures. The obvious advantage of centralization in
support equipment offers potential savings. Local repair in
organic structures réeduces costly spares requirements.
Logistics planners must attempt to combine these positive

aspects into a single support structure.

Section Five: Overall Analysis

The overall results provide some general conclusions.
On balance, organic JEIM provides substantial improvement in
aircraft availability over centralized JEIM during war and
sustained environments. The cumulative impact of increased
pipeline times quickly éonsumes the additional spares
provided for centralized structures. Peacetime performance
on the other hand is not significantly different. Overall
organic JEIM provided an additional 1,974 aircraft for the
180 day scenario. This total represents a 4.6% increase in
overall aircraft availability. The bulk of these aircraft
are provided during the sustained portion of the scenario.
This fact illustrates the impact of localized repair on
sustained combat capability.

The estimated additional cost of $7,458,276 represents a

very small increase. 1In fact this difference accounts for
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less than three additional Fl10 engints. An important fact
to note is that these cost estimates attempt to combine all
intermediate level maintenanc¢. The JEMS model only
evaluated JEIM support. If the JEIM results are
representative of overall intermediate maintenance, many
conclusions can be made. The many unique aspects of
avionics, engines, and other maintenanceffunctions makes
this conclusion questionable. Each maintenance function
would require independent performance and cost analysis.
From this_study's results, one can definitely determine that
organic JEIM provides increased capability at substantially

the same cost as centralized JEIM.

Summarz

This chapter presented the simulation results on
aircraft availgbility for centralized and organic JEIM. The
availabilit? results were statistically analyzéd for the
relative differences in performance. Cost data wvas

"presented vhich detalled the relative economies of thc
alternative structures. finally an overall assessment of
the research results wvere presented. The following chapter

presents the study's overall conclusions.

o8




V. Conclusions

Chapter Overview

This chapter provides csnclusions about the research
results from Chapter IV. The aircraft availability results
and cost comparisons are summarized. Overall trends within
the results are explained and examined for further
relevance. Finally, those areas displaying the greatest

potential are highlighted.
Research Limitations

The broad nature of intermediate level maintenance
required this study to limit its scope. The JEMS model was
used to evaluate Fll0 intermediate maintenance under both a
centralized and a traditional structure. The performance
results in this study relate exclusively to engine support.
The assumption has been made that JEIM is representative of
overall intermediate maintenance.

Research time conatraints and limited expertise made
this assumption necessary. The cost e¢atimates made were for
overall intermediate level maintenance. The extent to which
F110 intermediate maintenance is representative of overall
intermediate maintenance directly impacts the research
validity. The simulation rcsults and actual peacetime
availability rates are similar, but multiple factors impact

"actual® performance results. The scenarios chosen for
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research analysis were rigidly controlled. Only those
elements directly pertinent to maintenance structure were
alloved to differ. These elements were transit times,
spares;, maintenance crewa, and maintenance resources. The
relative periorwmarce of JEIM support was evaluated under
these conditions.

The cost estimates included only portions 6£ overall

maintenance coats. Simplifying assumptions made by the

"authoz make the cost estimates "rough approximations" of

comparative costs. Similar studies completed by the Rand
Corporation and Synergy Incorporated offer credence to the
overall cost estimates.

The multitudp of factors which impact maintenance
sﬁpport make detailed analysis difficult. This study
explcred the pot-ntial impact of centralization upon mission
capability and cost. Despite the limited scope of the
=tudy, some general) conclusions were made. The most

significant results follow.

Aircraft Availability

Alrcraft availability results for F110 support produced
mixed results. Little statistical difference betveen
performance results vas observed for peacetime scenarios.
Only when the zepair cycle was increased Ly 25 percent did
major differences occur. This fact suggests that
centralized JEIM is more sensitive to time. The fact that

centralized JEIM allows less flexibility is an impor:tant
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point. The built-in transportation requirements make
centralized JEIM lems responsive to change.

The general conclusion that can be made about peacetime
operations ia that either concept provides adequate support.
If transit times are reduced from four days to two days,
centralized JEIM shows only minor improvement. Factors such
as maintenance crews, spares, and test cells often are the

limiting constraint. °

Wartime Conclusions

The most evident difference between centralized JEIM and
organic JEIM again appeared in the increased repair cycle
scenario. As mentioned earlieyr, this scenario is the nost
realistic. Maintenance crews were the source of maintenance
backlogs in both cases. Since both structures had equal
manning levels, the results reflect the impact of
.traﬁsportation times. 1In USAFE, contralizcd JEXIM provided
more aircraft for both the five and six day scenarios. This
suggests that the additional spares under centralized JEIM
cvercame the transportation requirements. These miied
results shov that centralized JEIM can provide comparable
support, but that the impact of increased repair times.could
be drastic. Probable wartime conditions make this impact
risky. The negative impact of increased repair times makes

centralized JEIM unacceptable for war.
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Sustained Conclusions

The sustained scenario results vividly depict the
negative impact of centralization. Over time aizcraft

availability declines and reveals a relative advantage for

organic JEIM. The results were particularly evident in

PACAF with only one cxcoptioniin USAFE. 1Increasing aparoS
produced little change while increasing crews in PACAF gave
centralized JEIM an advantage for threce scenarics. Once
again, the increased repair cycle gave organic JEIM the
clear advantage. These results suggest that maintenance
crews may prove to be the limiting factor. Reducing transit
times may prove irrelevant if wmaintenance capacities ara

exceeded.

Availability Summary

Maintenance strategies and organizational structures
directly impact performance. The maintenance concept's
ability to proviﬁe effective logistics support is dependent
upon providing sufficient quantities of people, spares, and
repair capabilities. The JEMS model indicates that
centralized JEIM can providi comparable suppocrt for
peacetime scenarios. The unpredictable¢ nature of wartime
repair cycles dictates the use of organic JEIM for war and
sustained operations. Graphs provided in Appendix P
illustrate wvorldwide availability results and relative
maintenance performance. The trade-off .f spares for people
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limits flexibility and reduces responaiveness. The poasitive
impact of centralization upon mobility was not directly
examined. Based upon the JEMS simulation results, organic
JEIM has clear advantages. This study assumes the wings
vill conduct all operationa frown their home bases. The
interruptions caused by deployment would drastically change
these results. Current plans call for little intermediate
support during thc‘tirsﬁ thirty days of war. Prepositioned
CIRF's with intermediate capability immediately available
would offer clear advantages.

Ih essence, centralized JEIM is not as effective as
organic JEIM. Local repair capability provides greater
combat capability. The impact is minimal in peacetime but

can be very substantiual durihg wvartime contingencies.

Cost Comparison

The principle differences in costs between the
intermediate conceptas is support equipment and apares.
Organic repair requires a great amount of support equipment;
vhereas, centralized repair compensates by purchasing
additional spares. In essence, there is little total
difference. :‘'nly minor operating efficiencies were noted
from the VAMOSC data. Given the greater combat capability
of organic repair, preference for that concept is clearly
wvarranted.

A principle purpose for this research has been the

balancing of wartime effectiveness with peacetime
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efficiency. The small amount of savings offered by
centralization requires little balancing. While other

subsystems such as avionics way offer greater relative

aa&gullwxgaagiﬁl.mulﬂg

savings, JEIM clearly does not.

I
A dei

Overall Conclusion

o T
RN fa " aid e

Logiatics support decisions require a combined systems
y approach.; Based upon combat capability and cost
! considerations, Fll0 intermediate support should be
E collocated with operational units. The increasing costs of
& maintenance support may ultimately dictate the location of
i CIRFs with operational units. Given this study's results,
centralized JEIM offers little savings at a great cost in

mission capakility.
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Vi. Discusaion and Recommendations

Chapter Overview

Thia chapter concludes the study by discuasing the
research resulis and making recommendations for future
studies. Potential ramifications of the research tcaulﬁa
are explored in light of current trends within Air Force

maintenance policies.
Diacussion

The results of this study validate the preference of Air
Force leaders for unit "'self sufficiency". The net coat of
this operational strategy does not appear to be prohibitive.
The exchange of repair capability tor additional spares
limits combat flexibility and offers little savings.
Peacetime performance results reveal little difference but
surge demands reveal inherent weaknesses for centralized
support. Thic study assumed that JEIM supéort vas
representative of all intermediate support. More detailed
and functional analysis would be required for different
types of maintenance. Crucial to any scenario would be the
economic viability of purchasing sufficient spares.

Resource constraints often create shortfalls within Air
Force spares. Without sufficient spares, centralized repair
detracts from readiness. Another related aspect is that
local repair remains subject to local commanders.
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Centraliszsed repair facilities fall outaide the direct
control of wing commanders. These facts detract from a wing
commandor's control while atill retaining his responsibility
fnr mission performance.

Anothar factor would be unit identification. Personnel

assigned to flying wvings hopefully identify with unit
portoinanco and see their individual contributions. Being
physically pres.nt at the unit should enhance this

ll recognition and provide job motivation.
Transition to War

Given the equal performance of the maintenance
strategies during peace, vhat should be done? 1Is it
pcsaible to combine tha best attributes of both strategies?
Historically armies have preferred tc operate and train in
peace as they inteud to fight in war. 1If this tradicion
temains, iﬁ becomes very difficult and unncccaaafy to
combine both strategies. Current trends of improved
component 'reliability, airlift shortages, and rising support
equipment coats require a change in thinking. Decreased DOD
funding requires ths development of alternative maintenance
structures. If vulnerability issues dominate, perhaps the
Qttatcgioa should be implemented wlithin the United States.

Rising support costa limit military options and decrease

overall military capability.
Logi;tica planners must design logistics systems which

recognize the growing development of diagnostic systems and
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the impact of 1ncrc;sod technical complexity. Retaining
repair capability at the unit level may gradually become too
costly and inefficient. FPFuture vcapoﬁ systems must
recognise these trends and take ateps now to meet the

challenges vhich lie ahead.
Future Reseairch

This study has evaluated one veapon iystcn for one type
of 1nt0:uodint; maintenarce. Further research ias required
on existing veapon aystems to highlight potential impacts of
centralized intermediate maintenance. .Thq 16-;1 time for
implementing alternative maintenance concepts comes at the

initial acquisition of a weapon system. Existing syastems

© can provide data and information about the best strategies

for tomorrow's weapon systems. Increased reliability,
computer technology, and personnel proficiency all will
directly impact future maintenance strategies. Those who do
not understand the mistakes of the past are likely to repeat

them again in the future.
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Appendix A: Operating Locations Supported

QOPERATING LOCATIONS SUPPQORTED
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Appendix B: PLSC Supported Aircraft

AUTH
| * 3TFW CLARK AB, RP
% F-4E/G 48
F-5 . 11
E ' * B8TFW KUNSAN AB, KOREA
E F-16 48
% .
- % 18TFW KADENA AB, JAPAN
F15¢/D 72 &
RF-4C ‘ 18 ll
* S1TFW OSAN AB, KOREA }
F-FE 12 :
ov-10 16
* 6151 CAMS SUWON AB, KOREA
A-10 ' o 24
* 6497 CAMS TAEGU AB, KOREA -
F-4E 12 E
* 432TFW MISAWA AB, JAPAN ;
F-16 48 |
TOTAL AIRCRAFT SUPPORTED 309 .gé
;
.
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Appendix C: Interview Questions

What impact did centralization have on PACAF's combat
capability?

How would centralized intermediate maintenance at Kadena
impact PACAF's wartime capability?

What were some negative and positive outcomes for
establishing the CIRF at Kadena?

What things could have been done to improve the
centralized concept? ’

Did PACAF save mcney by centralizing intermediate
repair?

Given the choice, which intermediate maintenance
structure would you prefer?
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Appendix E: List of Maintenance Assets (JEMS Inputs)

CENTRALIZED JEIM (BASELINE)

PACAF USAFE
MAINTENANCE CREWS: 16 - 21
SPARE F110 ENGINES: 22 C 27
TEST CELLS: 2 2
ROLLSTANDS: 4 4
HARDSTANDS : 36 36
CMRI (Removal Interval) 229 (Peace) 312.5 (Others) !
ORGANIC JEIM (BASELINE) i
PACAF USAFE -
MAINTENANCE CREWS: 16 21
SPARE F110 ENGINES: 16 18
TEST CELLS: 4 “
, ROLLSTANDS: 4 4
HARDSTANDS: 48 | 48
CMRI (Removal Interval): 229 (Peace) 312.5 (Others)
§
102 -
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Appendix F: Graphical Results

This appendix provides selected graphs from thg JEMS
eimulation results. Aﬁailability rates for PACAF and USAFE
vings are presented for both JEIM intcrmidiatc sttuctu¥es.
Results presented are the two days transit, four days
transit and ihc increascé repair cycle. Most revealing is
the graph revealing worldwide serviceable engines. This
graph reveals the point where centralized JEINM depletes its
spare Fl10 engines. 1Its occurrence during the vartime

portion ot'thg'simulation has direct impact on mission

capibility.
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