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AFIT/GLM/ENS/03-11
Abstract

The Logistics Composite Model (LCOM) is the tool of choice for many
MAJCOM’s (ACC, USAFE, AFMC) in determining maintenance manpower
requirements. The LCOM is a simulation program capable of modeling the manpower,
equipment, supplies, and facilities required to conduct aircraft maintenance activities.
Manpower studies conducted with the LCOM result in manpower estimates that end up
in Unit Manning Documents (UMD) as “LCOM earned,” authorized positions. This
research effort focuses on whether the LCOM can also be used to determine maintenance
manpower’s current capacity.

Three different flying units at Cannon AFB, NM were modeled to determine if the
LCOM, when programmed with historical data, would imitate the actual sortie
production of those units that were realized during the previous annual flying period
(FY2002).

Based on the analysis and results presented, the researcher concludes that the
LCOM can be a viable tool for this purpose but recommends that a standard set of “best
practices” be developed and implemented by LCOM analysts to standardize the

methodology and improve the reliability of results.



AN ANALYSIS OF THE EFFICACY OF THE LOGISTICS COMPOSITE
MODEL IN ESTIMATING MAINTENANCE MANPOWER PRODUCTIVE
CAPACITY

1. Introduction

Background

The combat readiness level of Air Force (AF) units has fallen dramatically from
meeting the standard of 92% in 1996 to declining significantly below the standard to
approximately 69% in 2001 (SAF/FM, 2002). The Assistant Secretary of the Air Force,
Financial Management and Comptroller (SAF/FM) cites the reasons for this decline as a
higher tempo, an aging fleet of aircraft, marginal resources, and a shortage of personnel
due to retention & recruitment problems (SAF/FM, 2002). A key component of the
combat readiness level equation, the fleet wide aircraft mission capable (MC) rate, has
also declined. The MC rate is expressed as a percentage of the number of serviceable
aircraft divided by the number of possessed aircraft. Specifically, the average MC rate
during the period from 1988 to 1992 remained in the low 80’s but this rate steadily
declined reaching an average of 72.7% in 2000 (USAFE, 2002).

It is interesting to note that the decline in MC rate coincides with a drop in the
percentage of skilled maintenance labor (5-level) and an increase in unskilled labor (3-
level). In particular, the percentage of 5-levels in maintenance Air Force Specialty Codes
(AFSC) fell from 52.8% to 44.1% while the percentage of 3-levels rose from 21.6% to
27.8% over the same period. Seven-level manning however, remained relatively stable
during this period (Dahlman et.al, 2002). This is not to suggest that a reduction in the

experience base of aircraft mechanics is a primary cause for the MC rate decline. It is
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likely that the same factors proposed by the SAF/FM that have led to declines in combat
readiness--higher tempo, an aging fleet of aircraft, marginal resources, and a shortage of
personnel due to retention and recruitment problems--have also contributed to a decline
in MC rates.

The AF believes it can address aging aircraft, marginal resources, and retention
and recruitment problems through spending. For example, new weapon systems such as
the C-17, F-22, and Joint Strike Fighter are being purchased or are under development to
assume the roles currently performed by aging weapon systems. In addition, the AF
hopes to mitigate problems in retention and recruitment with pay raises, targeted bonuses,
and an increase in spending on military housing (SAF/FM, 2002). However, even if
these problems were resolved with increased spending, the problem of high tempo would
remain.

The “high tempo” the SAF/FM alludes to is the marked increase in the number of
deployments without a corresponding increase in its end strength.

“One difficulty facing the Air Force is that it has just completed the largest

sustained drawdown in its 53-year history and is at its lowest strength since the

late 1940s. At the same time, it is being tasked with contingency operations,
peacekeeping missions, and humanitarian deployments on a scale unprecedented

in peacetime.” (Callander, 2000)

A high tempo created by an increase in deployments exacerbates the problems
associated with an aging fleet, marginal resources, and personnel retention and
recruitment. The reason problems are worsened for the AF’s aging fleet and equipment

is due to the additional wear and tear induced by the repeated packing, shipping, and

unpacking caused by an increased deployment load. To add to the problem many



deployments end up in austere locations where aircraft and equipment are subject to
marginal support facilities, temperature extremes, and local elements such as sand
exposure. Retention and recruitment are also adversely impacted by high tempo as
personnel work longer hours and spend more time away from home. “Taking on added
responsibilities with fewer people has stressed both active duty and reserve forces and
has many members looking longingly at the 9-to-5 civilian jobs” (Callander, 2000).

The problems associated with operating under a high tempo are being addressed
by the implementation of the Expeditionary Aerospace Force (EAF) concept, which is
designed to provide predictability and stability to Air Force units subject to deployment.
Under this concept, combat units were reorganized into 10 Aerospace Expeditionary
Forces (AEF), two of which, will be “on call” maintaining the capability to respond to a
crisis anywhere in the world within 48 hours. The remaining eight AEFs will be at home
station conducting normal peacetime operations. “The AEFs provide joint force
commanders with ready and complete aerospace force packages that can be tailored to
meet the spectrum of contingencies” (AF Vision 2020,2000). The two AEFs will be on
call for a period of 90 days, every 15 months, which should create predictability and
stability for personnel and equipment. The benefits of avoiding back-to-back
deployments or extended deployment periods lasting over 90 days should provide
immediate relief to aging aircraft, equipment, and retention and recruitment issues.

While the EAF concept should bring predictability and stability to the AF in terms
of deployment load, there is another phenomenon the EAF will not entirely mitigate. As

weapon systems and resources age, the burden placed on the personnel charged with their



upkeep also begins to increase; this increasing upkeep naturally drives manpower
requirements up whether deployed or at home. The AF, recognizing this phenomenon,
periodically reviews and updates manpower requirements to keep pace with this
increasing burden. This typically results in manpower increases (Davis, 2002). The
reality however is that manpower increases “on the books” do not equate to a body in that
position (Davis, 2002). The AF is having a hard enough time recruiting and keeping the
personnel it has, much less filling positions that have been recently added. Air Combat
Command (ACC), for example, only fills approximately 80% of their current, funded
manpower authorizations in maintenance Air Force Specialty Codes (AFSCs) (Davis,
2003). When a plus-up on the books appears it will obviously not be filled until a unit
reaches 100% of its current authorizations (Davis, 2002). While the procurement of new
weapon systems may alleviate the burden of aging weapon systems on the maintenance
community in the long run, the short-term problem will persist.

Aging weapon systems and resources have a negative impact on the maintenance
community at home or abroad but the problems do not stop there. The retention and
recruitment problems the maintenance community faces are worsened by the fact that the
“USAF is having no problem accessing rated trainee’s, DiBattiste said, but retaining
experienced fliers is a continuing difficulty” (Callander, 2002). In other words, an
operational unit typically has 100% of their aircrew positions filled but with pilots that
are less experienced resulting in sortie requirements that remain high (Cilento, 2002).
The high tempo of peacetime home station operations is driven by the AF’s need to train

aircrews, and the need to train aircrews creates a need for sorties, and sorties naturally



create work for maintainers. Theoretically the relationship between the aircrew and
maintainer works well when maintenance crews are manned at 100% of their
authorizations while supporting aircrews manned at 100% of their authorizations. In
reality the relationship is somewhat constrained due to the fact that 80% of maintainers
are supporting 100% of aircrews. When aging aircraft and marginal resources are
brought into the equation the picture begins to look bleak for maintainer workload,
aircrew training, and aircraft readiness. In the long term, if the AF’s retention and
recruitment efforts prevail and manpower levels approach 100% of authorizations, then
the personnel aspect which has an additive effect on declining aircraft readiness levels
should be mitigated. In the short term, however, maintenance manpower issues
especially at home station continue to be a problem.

Interviews with maintenance supervisors at the unit level indicate that the typical
home station, peacetime workweek for maintenance personnel can be characterized as a
week filled by 10 to 12 hour shifts followed by an average of 1 day of weekend work a
month. This demanding work schedule can be attributed, they believe, to the high
demands placed on a limited manpower pool in support of aggressive flying schedules at
home (Adams, 2002; Thompson, 2002). The consensus of the maintenance supervisors
interviewed is that current retention problems are due in part to the demands being placed
on their maintainers at home station (Adams, 2002; Thompson, 2002).

In the near term retention and recruitment for aircraft maintainers may wind up in
a “death spiral.” The spiral begins with a reduced maintenance manpower pool (without

a corresponding reduction in aircrews) vying to support a relatively stable number of



aircrews which leads to longer hours and weekend work for maintainers. The spiral
continues as maintainers, fed up with working longer hours (increased tempo) begin to
seek employment elsewhere causing a reduction in experience level (that cannot be
quickly recovered with new recruits), compounding the problems associated with an
already constrained manpower pool. If the stable flying requirement (demand) is not
reduced to provide relief for maintainers then the spiral will seemingly continue.
Obviously, reducing the flying requirement by reducing the number of aircrews is not an
option, but can the number of hours that aircrews fly be reduced to more accurately
match current maintenance capacity? If maintenance’s capacity to produce sorties can be
estimated, given a finite amount of manpower, it might be worth experimenting with a
reduction of flying hours to match that capacity (for some period) to observe its affect on

aircraft readiness in addition to retention and recruitment.

Problem Statement

A disconnect seems to exists between what the AF expects in terms of the demand
for sorties/hours and what operational units can realistically deliver in terms of
maintenance capacity. As of now, the only tool maintainers have to determine their
capacity is by exploiting the experience of seasoned senior noncommissioned officers
and officers. This “seat of the pants” methodology pales in comparison to the tools
available to aircrews to determine training requirements. The Ready Aircrew Program
(RAP), for example, is a tool that lists the sorties required to build basic and combat
mission skills. Added to this number are “non-RAP” sorties that build basic pilot skills

(e.g. instrument and advanced handling flights). In addition to these tools, MAJCOMs



and Numbered Air Forces (NAFs) publish a litany of instructions to prescribe weapons
system and mission specific training guidance (AFI11-102, 2002). Needless to say, when
maintainers meet at the negotiating table with operations to develop the annual flying
hour contract it can be difficult for maintainers to articulate their instincts on what they
believe is attainable. An unbiased, reliable tool that can estimate maintenance’s current
capacity would be extremely helpful for AF planners to objectively determine annual
flying hour capabilities. The AF currently uses the Logistics Composite Model (LCOM)
to estimate maintenance manpower requirements for its weapon systems in the aggregate.
Through simulation, the LCOM is used to model various scenarios (e.g. wartime,
peacetime, and etc) to converge on manpower numbers required to support the weapon
system under study. After running various scenarios the scenario representing the largest
manpower requirement (usually wartime) is determined to be the required end strength
number, which is then incorporated into the Unit Manning Document (UMD) (Sandkula,
2002). For example, ACC has its own LCOM office charged primarily with estimating
maintenance manpower requirements. These manpower requirements are then forwarded
to the manpower office that in turn builds the UMD (Davis, 2002). The UMD is built by
merging the numbers from the LCOM with additional manpower positions (determined
by command standards and expert opinion) to account for overhead positions such as
support and supervision (Davis, 2002). The LCOM has been used by the AF since the
1960’s and is recognized as the official tool for manpower determination. If the LCOM
can be used on the front end to determine manpower requirements why isn’t it being used

to determine maintenance’s present capacity?



Research Question

The purpose of this research effort is contained in the overarching question “Can
the LCOM be modified by using the actual peacetime maintenance manpower numbers,
shift schedules, and parts availability numbers from an active duty squadron to assess that
squadron’s current maintenance capacity to execute flying schedules?” The following
investigative questions must be answered first in pursuit of the answer to the overarching

question.

Investigative Questions

1) Given previous year data from an F-16 wing (manpower level, flying schedule,
and supply rates) will LCOM produce the same sortie rates that the wing actually
attained?

2) Is the LCOM sensitive enough to produce differences in the number of sorties
as manning levels are varied between authorized and assigned?

3) Is the LCOM sensitive enough to produce differences in the number of sorties
as shift-scheduling philosophies are varied between 10-hour shifts/weekend work and 8-
hour shifts/no weekend work?

4) Is the LCOM sensitive enough to produce differences in the number of sorties
as parts availability is varied?

5) What factors (manpower, shift scheduling, or parts availability) are most

influential to the LCOM in terms of sortie production?



Research Methodology

The methodology of this research revolved around the development of two
separate LCOM models to simulate two Block 30 and one Block 40 F-16 squadrons at
Cannon AFB NM. The F-16 models used in this thesis were actual models used by ACC
to conduct manpower studies and as such, had to be modified to change their wartime
flying missions into the two basic peacetime missions (air-to-air and air-to-ground).
Once the models were modified to reflect peacetime missions, Cannon’s annual flying
data had to be incorporated into the scenario. A total of 24 different simulation scenarios
were modeled to investigate the affect of varying manpower, shifts, and supply levels
while holding the flying schedule constant. A baseline model was built that modeled
Cannon’s actual manpower, shift schedules (10 hour shifts and weekend work on
Saturday), and NMCS rates. Once the baseline model was built for each squadron,

successive runs were conducted (while varying each factor) and the results analyzed.

Scope and Limitations of the Research

This research was conducted in pursuit of finding a tool that can be used at the
squadron level to assist maintenance planners in building realistic flying schedules.
Realistic flying schedules for the purpose of this research is defined as a flying schedule
that relieves some of the pressure being placed on a constrained maintenance workforce.
The limitations of this research are addressed briefly in the following paragraphs. A
more comprehensive discussion of each will be discussed throughout the document

where appropriate.



Each F-16 LCOM model developed will only apply to that block model (i.e.
Block 30 or 40) and squadron from which the historical data was obtained.

Each of the three squadron’s studied at Cannon were subject to split operations at
different times throughout FY2002 characterized by aircraft and personnel operating
from two different locations. Due to the complexity in the task of modifying the LCOM
models to model split operations the decision was made to model all sorties as if they
occurred at home station using the aggregate annual numbers for each squadron. Split
operations present more of a strain to the maintenance community while supporting
flying operations by reducing the effective manpower in both locations. This is due to
that fact that supervisory personnel are required in both locations thus requiring senior
maintainers to step into supervisory positions at either location thereby reducing the
overall manning numbers by an equal amount. In other words, if each squadron
scheduled and accomplished a certain number of sorties while enduring split operations it
is logical to assume they could meet or exceed that amount if accomplished entirely at
home station.

The day-to-day manpower numbers in a unit fluctuate throughout the year as
personnel arrive and leave. Capturing this level of detail in terms of fluctuating, daily
manpower strengths for LCOM would be near impossible. Average manpower strengths
for the period modeled will be used to conduct the simulation.

The LCOM does not model the various skill levels of maintenance personnel (i.e.

3-, 5-, and 7- Levels). The assumption in an LCOM scenario is that all personnel
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modeled are fully qualified. For this reason the researcher could not capture the true
essence of each unit’s maintenance productive capability.

The LCOM is rarely, if at all, used to conduct tail number scheduling due its
complexity. Because of this there are very few LCOM analysts who can perform this
type of modeling (Stone, 2003). Tail number scheduling in the LCOM is the process of
creating a schedule and assigning a specific aircraft to fill each item in that schedule.

This process is similar to what occurs in a flying unit on a weekly basis. Flying units
build weekly schedules with tail number assignment to help manage their fleet of aircraft
by selecting aircraft purposefully to control aircraft hourly accrual for phase purposes and
to schedule maintenance. The researcher attempted to perform tail number scheduling in
the LCOM but lacked the experience necessary to pull it off.

The limitation in not modeling tail number scheduling is the possibility that an
undue burden is placed on the simulated workforce, which may lead to an overestimation
of the workforce required. This burden is created by the practice of pulling aircraft “off
of the shelf” on a continuing basis to meet the flying schedule during simulation
regardless of the number of aircraft that are currently broke. A weekly schedule in a
flying unit is typically followed without deviation even if it means that sorties will be lost
due to scheduled aircraft that are broke. This practice is necessary to maintain the health
of the fleet by helping flying unit’s resist the urge to pull an aircraft off of the shelf just to
meet a scheduled sortie. If aircraft are broke to the point that a flying unit is having a
hard time meeting the schedule then adding an aircraft to the schedule which has its own

probability of failure when flown will only exacerbate the problem.
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Summary

This chapter covered the background, the problem, the research question and
investigative questions, the methodology, and the scope and limitations of this thesis
document. The remaining four chapters of this thesis include the Literature Review,
Methodology, Findings and Analysis, and Conclusions.

The literature review provides an overview of the AF’s method in determining
capacity (manpower) to meet flying hour needs (demand) as well as a discussion of
previous research relevant to this area. This information will be used to help resolve key
issues, refine the scope of this research, and lay the groundwork for the thesis
methodology chapter. The methodology chapter will provide an overview of the LCOM
and the process in which it was used. The findings and analysis chapter presents
answers to the investigative questions and the overarching research question. The final

chapter will provide findings, conclusions and recommendations for future research.
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II. Literature Review

Chapter Overview

The purpose of this chapter is to provide a thorough review of literature relevant
to this research effort. This chapter begins with a basic discussion of capacity and
demand in civil aviation firms and the AF as service operations. The chapter will then
move to a brief discussion of the tools available to help managers of service firms
estimate optimal capacity vs. demands tradeoffs. A general description of the AF’s
manpower determination tool called the Logistics Composite Model (LCOM) will ensue.
The final portion of this chapter will involve a discussion of the research relevant to this
area of study. The data gleaned from the literature review will be used to resolve key
issues presented in Chapter 1, which revolve around whether LCOM can be used in the

field to estimate current maintenance capacity.

Capacity and Demand in Aviation: Manpower

The AF must maintain an excess capacity of resources (equipment, parts, and
personnel) that would bankrupt commercial aviation firms. More specifically,
commercial aviation firms must balance this capacity with consumer demand to ensure
profitability whereas the AF must position its capacity for the peak demand of war
(Swartz, 2002).

A commercial firm that positioned itself to handle peak demand at all times as the
AF does would operate very effectively but extremely inefficiently. The firm would be
able to absorb any variation in demand (effectiveness) but at the cost of an

overabundance of capacity when the variance is at a low point in demand (inefficiency).
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Successful firms that effectively balance capacity and demand experience cyclic patterns
of excess capacity followed by insufficient capacity situations. In the aggregate,
however, these firms will enjoy profitability as long as flying operations are sustained
and customers are served (Swartz, 2002).

During peacetime the AF is not unlike its civilian counter part in terms the
relatively stable flying schedules each face. As a result of this stability the AF should
enjoy excess capacity since the flying demands during peacetime are less than the flying
demands of war.

Aircraft maintenance in either the AF or a commercial firm is a service-oriented
business in which the resource capacity of personnel, parts, and equipment determine the
demand that can be satisfied. A limitation in any one resource constrains aircraft
maintenance’s productive potential. For instance, given an infinite supply of parts and
equipment, but limited in manpower, an organization will only produce up to the limit of
the manpower’s capability. There are various tools available to industry to aid in

determining the capacity required to support varying demand and visa versa.

Tools for Managing Capacity in Service Operations

There are three types of tools that managers can use to manage the capacity of
service operations. The first type of tool is to experiment with the actual system and is
the most basic tools used by managers. A manager who understands the business in
which they manage and has gained insight into the daily operations of his business can
make capacity planning decisions based on his own experience. For instance, the owner

of a small dry cleaning business with an established clientele knows enough about his
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business to make decisions on his own. Once the manager’s plan is implemented he can
observe the outcome to see the effect of his plan. As businesses increase in size and
complexity, however, this type of decision-making process is often inadequate (Law and
Kelton, 1992).

The second type of tool available to managers is an analytical queuing model.
Analytical queuing models are mathematical equations that help managers evaluate
alternative courses of action by predicting system performance. With a minimum amount
of information such as the mean arrival rate and the mean service rate, the equations can
generate exact characteristics of the system under study. The problem with these types of
models is their limited capacity to model very complex systems (Law and Kelton, 1992).

When the characteristics of a system are too complex for actual or analytical
modeling managers can use a third type of tool: computerized simulation modeling.
Simulation is useful in trying to gain an insight into the various components of the system
under study by running various “what-if” scenarios (Fitzsimmonds and Fitzsimmonds,
2001).

“From a practical viewpoint, simulation is the process of designing and creating a

computerized model of a real or proposed system for the purpose of conducting

numerical experiments to give us a better understanding of the behavior of that
system for a given set of conditions.” (Kelton et al.,2002).

Aircraft maintenance is an extremely complex activity involving stochastic and
deterministic issues that can only be modeled, in its entirety, through simulation. It is for

this reason that the AF uses simulation modeling to make aircraft maintenance manpower

decisions.
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LCOM Description

Overview

“The LCOM is a stochastic discrete-event simulation of a maintenance
organization used to identify optimal base-level resources.” (HQACC, 2000). The
LCOM was originally designed through a joint effort between the Rand Corporation and
the Air Force Logistics Command in the late 1960’s to provide an analysis tool for
planners to “relate base-level logistics resources with each other and with sortie
generating capability” (Boyle, 1990). The logistics resources modeled in the LCOM
include the parts, equipment, manpower, and facilities used during a sortie generation
effort.

There are currently two versions of the LCOM in use today. The “official” and
most prevailing is the Air Force Management and Innovations Agency (AFMIA) version
of the software (Juarez, 2002). The LCOM Program Office within AFMIA, Randolph
AFB TX, maintains this version of the software. The second version of the software,
developed by the Aeronautical Systems Center’s (ASC’s) Systems Supportability
Analysis Branch, Wright-Patterson AFB OH, is the version used for this research. The
two versions perform exactly the same function. The essential difference between the
two versions lies in the interface with the user (Erdman, 2003).

Conducting Manpower Studies

The LCOM is versatile enough to study the interaction of several logistics factors
but has evolved into one of the AF’s primary methods in establishing maintenance

manpower requirements. The manpower positions derived by LCOM which end up in
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manpower standards and are designated by a “L” which signifies that they were “LCOM
earned” (AFI 38-201, 2002). This differentiates those manpower positions that were
added to the manpower standards to compensate for the fact that LCOM does not
simulate personnel within an organization that are not involved in maintenance (e.g.
supervisors, support personnel, and etc.) (Boyle, 1990).

Conducting a manpower study using LCOM is an iterative process, which
involves manipulating the independent variables of supply, manpower, facilities, and
equipment until a desired Sortie Generation Rate (SGR) is attained as outlined in the
classified USAF War Mobilization Plan (WMP) (ACC F-16 C/D Final report, 1998).

During a manpower study, supply resources are adjusted in the LCOM until the
command standard expressed as a Not Mission Capable for Supply (NMCS) rate is
reached. In the case of the F-16 block 30 and block 40 aircraft the ACC standard is eight
percent. In other words, an aircraft is expected to be non-mission capable (NMC) due to
a lack of supplies (parts) only eight percent or less of the time. For this reason supplies
are added and removed until the LCOM simulation results show that aircraft experienced
an eight percent NMCS rate.

The most important independent variable in an LCOM-based manpower study is
obviously the manpower level. Manpower levels are adjusted during each run and the
resulting effect on the SGR is analyzed in addition to the utilization levels of each AFSC.
If utilization levels are too low then the analyst has over estimated the manpower

required and if utilization levels are too high then manpower has been underestimated.
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This process continues until realistic manpower utilization levels and the SGR standard is
achieved (Boyle, 1990)

Facility and equipment levels are programmed into the LCOM database and held
constant at levels, which mirror the base under study.

LCOM Model Description

The LCOM software, which consists of a preprocessor program (input module), a
simulation program (main module), and a postprocessor module, was written primarily
using SIMSCRIPT IL.5. In general Aircraft are flown, serviced, repaired, and returned to
the available pool of aircraft as depicted in Figure 1. The following paragraphs are
designed to provide the reader with a brief overview of the LCOM. Readers desiring

more detailed information can consult The LCOM Users Manual (ASC/ENM, 1997).
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Figure 1. LCOM Simulation Logic (ASC/ENM, 1997)
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Input Module

The input module constitutes the database of the simulation. This is where
analysts perform the majority of the work to ensure that the scenario will represent the
reality of aircraft maintenance. The database includes input data called “Forms.” The
most commonly used forms are described in the following paragraphs.

Form 15 is the Resource Definitions database designed to define the aircraft,
manpower (by AFSC), parts, facilities and equipment that the analyst desires to model
during simulation (ASC/ENM, 1997).

Form 20 is the Attribute Definitions database designed to define the characteristic
of an aircraft or the system. Typical attributes include either a time accumulating
attribute or an incrementing attribute (ASC/ENM, 1997).

Form 25 is the Task Definitions database used to define each task used during the
simulation (ASC/ENM, 1997).

Form 30 is the Task Networks database, which provides the intricate detail of the
sequencing of task performance during simulation. Examples of the types of tasks in this
database are: scheduled maintenance, unscheduled maintenance, and “mainline tasks”
such as reconfiguring aircraft and preflight inspections (ASC/ENM, 1997).

Form 35 is the Clock Decrements database used to define the interval (e.g. days)
that maintenance actions or resource failures will be clocked (ASC/ENM, 1997).

Form 40 is the Empirical Distribution Definitions database that can be used in to

define the parameters of entries in Forms 15, 20, 25, or 75 (ASC/ENM, 1997).
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Form 45 is the Shift Change Policy database used to define shift durations, shift
repetitions, and shift authorizations (ASC/ENM, 1997).

Form 50 is the Priority Specification Definitions database designed to assign a
priority level of 1, 2, or 3 to tasks for resource prioritization (ASC/ENM, 1997).

From 55 is the Mission/Activity Definitions database designed to list the activities
(e.g. phase inspections) or aircraft missions (e.g. air-to-air) utilized during the simulation
(ASC/ENM, 1997).

Form 60 is the Search Pattern Definitions database designed to list the specific
sequence that the simulation will follow when searching for aircraft to assign to missions
or activities. This database is written so that a search is conducted for the aircraft that
presents the least amount of reconfiguration to meet the next sortie (ASC/ENM, 1997).

Form 75 is the Sortie Generation Data database that defines all of the mission and
activity requirements that the analyst wishes to model (ASC/ENM, 1997).

The input module, once run, prepares an initialization file, which compiles all of
the data from the forms necessary to describe the maintenance environment. An
exogenous file is also created which contains all of the information necessary to execute
the flying schedule and maintenance activities. These files are used by the main module
to run the simulation (Boyle, 1990).

Main Module

The main module contains the software required to execute the scenario and

produces the reports as requested by the user. Reports are requested through the use of a

“change card file” at the beginning of the simulation. The change card file is also used to
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specify the length of the simulation and is used to vary the level of resources during
subsequent runs.
Post Processor Module
The post processor module produces summary statistics for the following
categories: operations (e.g. sorties flown), activities (e.g. number of aircraft phases),
personnel (e.g. man hours used), supply (e.g. average NMCS rate), shop repair (e.g.
number of items repaired), AGE (e.g. AGE used), aircraft (e.g. number of aircraft days

available), and facilities (e.g. facilities used) (Boyle, 1990).

Relevant Research

The relevant research to this thesis can be broken down into three categories. The
first category includes the research that examined LCOM’s ability to perform other forms
of analysis such as its ability to measure the effectiveness of various flying schedules
(Boyd and Toy, 1975) and its ability to project the monthly sortie effectiveness of an F-
15 wing (Davis and Smith, 1977). The second category of research includes a recent
(2002) RAND corporation report that examined LCOM’s ability to estimate manpower
requirements. The third category of research examines productivity as a function of skill
and explores incorporating skill level (i.e. 3-,5-,and 7-level) into LCOM. The following
paragraphs describe this research and their conclusions.

LCOM’s Ability to Perform Other forms of Analysis

In 1975, Boyd and Toy conducted thesis research to examine LCOM’s ability to
“measure the effectiveness of aircraft flying schedules” (Boyd and Toy, 1975). Their

study involved using the previous version of LCOM to simulate 26 weekly flying
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schedules of F-4E wings. Manpower during their study was held to a level that reflected
the wing’s authorizations. Boyd and Toy’s handling of aircraft parts availability was not
discussed in write-up. Boyd and Toy concluded that the LCOM was not an accurate tool
that could be used to predict the scheduling effectiveness on a weekly basis but
concluded that the LCOM may provide more accuracy when looking at the 26-week
period in the aggregate (Boyd and Toy, 1975). Boyd and Toy recommended that
monthly schedules be explored next to help narrow the time required to gain scheduling
accuracy.

Davis and Smith conducted thesis research in 1977 as a follow-on to Boyd and
Toy’s research to examine the capability of the LCOM to predict the monthly sortie
effectiveness of an F-15 wing. Their study involved using the LCOM to input monthly
maintenance and flying schedules from a previous six month period from the 1 TFW at
Langley AFB VA to determine if the LCOM accurately predicted the number of sorties
the wing actually generated during that period. Manpower for their study was held at the
authorized level for the 1 TFW; however, their handling of aircraft parts availability was
not mentioned. Davis and Smith’s concluded that the LCOM could not be used to
accurately predict the actual sortie scheduling effectiveness of an F-15 wing and that the
LCOM would not be suitable to as a tool for evaluating alternative monthly flying and
maintenance schedules. Davis and Smith mentioned that a possible reason for LCOM’s
lack of accuracy in their study might have been due to the newness of the F-15 as a
weapons system during that time and the fact that several new F-15’s were delivered to

the wing during the period of their study.
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LCOM: Manpower Estimation

A recent RAND report (Dahlman et. al., 2002) published in April of 2002
discusses the AF’s methods in setting maintenance manpower requirements. The RAND
study not only discovered problems with LCOM but also discovered several problems in
the AF’s methodology regarding issues that serve as critical assumptions before
conducting an LCOM study. The following paragraphs describe some of the
recommendations to the problems described in the RAND report.

The First recommendation is for LCOM studies to begin including more realistic
scenarios characterized by lengthy deployments and split ops with considerable home
station resource shortages and time consuming peacetime tasks coupled with providing
enough sorties to absorb junior pilots. RAND believes that this scenario could be even
more stressful for the maintenance force than the wartime scenarios currently modeled
(Dahlman et.al., 2002).

Another recommendation the RAND report provides is to allow LCOM analysts
the ability to model actual field practices as opposed to written policy. One such example
is requiring analysts to hold NMCS rates at the command standard rather than letting
them program actual NMCS rates into the scenario. Rand believes that this will allow
analysts to examine the manpower implications of this phenomenon (Dahlman et. al.,
2002).

A third recommendation the RAND report makes is for LCOM analysts to
introduce skill level mixtures and on-the-job training (OJT) processes into the scenario.

The LCOM models currently used for manpower studies do not have the capability of
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utilizing varying skill level mixtures. In other words, the manpower in LCOM’s resource
pools is assumed to be fully qualified. This assumption poses a problem when the final
manpower numbers end up in manning documents because the reality of aircraft
maintenance is that at approximately 20 percent of authorized maintenance manpower is
filled by unqualified 3-levels who cannot perform 100 percent of the tasks required of
them (Dahlman et. al, 2002). In addition these 3-levels require OJT, which takes a fully
qualified 5- or 7-level to train them, in essence further reducing the effective manpower
available on the flightline.

A final recommendation from the RAND report is for the AF to evaluate the
relevance of the Man-hour Availability Factor (MAF) published in AFMAN 38-201, Vol
2. The MAF is “the average number of man-hours per month an assigned individual is
available to do primary duties” and accounts for the amount of time a person is away
from his primary duties by considering activities such as leave, medical, Permanent
Change of Station (PCS) related issues, organizational duties, education and training, and
etc (AFMAN 38-201, 2002). Since the LCOM does not models leave and etc. these
MAF’s are utilized extensively to translate the raw manpower numbers derived from a
manpower study into actual numbers that end up in manpower standards as “LCOM
earned” positions. For example, the MAF for sustained wartime operations of 1.461 is
multiplied against the numbers generated by an LCOM study. If an LCOM study
determines that 55 crew chiefs are required to support a weapon system this number is
multiplied by the MAF of 1.461 to generate the final number (55 x 1.461 = 80.355 crew

chiefs). The RAND report believes that the MAF, which applies to personnel in all
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AFSC’s, may not be accurate when looking specifically at personnel in the maintenance
AFSC’s.

Manpower Productivity

In 1979, French and Steele published research designed to relate AF skill levels
(3-, 5-, and 7-level) to productivity factors. Their conclusion was that there is a
significant difference between what we should expect in terms of productivity of 3-, 5-,
and 7-level personnel in a maintenance organization. They developed the following
factors (Table 1) to equate each skill level to a productivity factor:

Table 1. Skill Level Productivity Factors (French and Steele, 1979)

7-Level 1.155
5-Level 1.000
3-Level 0.869

By using a 5-level as the referent skill level, French and Steele concluded that a 3-
level should be expected to produce approximately 13 percent less than the referent 5-
level and approximately 15.5 percent less than a 7-level (French and Steele, 1979).

In 1981, Garcia and Racher published research designed to incorporate skill level
effects into the LCOM. Garcia and Racher’s conclusions included creating two separate
manpower pools in LCOM; one qualified pool (5-, and 7-levels) and one unqualified pool
(3-levels). In addition to the 2 separate manpower pools a separate task of networks were
developed to account for the slower speed of unqualified technicians. Garcia and Racher
tested these recommendations in the LCOM and determined that there was a strong

correlation between productivity and skill level mixture (Garcia and Racher, 1981).
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Summary

The purpose of this chapter was to provide a thorough review of literature
relevant to this research effort. This chapter began with a basic discussion of capacity
and demand in civil aviation firms and the AF as service operations. The discussion
moved to the tools available to help managers of service firms estimate optimal capacity
vs. demands tradeoffs and a general description of the AF’s manpower determination tool
called the Logistics Composite Model (LCOM). The final portion of this chapter covered
the research relevant to this area of study. Chapter #3 will cover the methodology used in
answering the overarching research question of this thesis and its subordinating

investigative questions.
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III. Methodology

Chapter Overview

The purpose of this chapter is to provide a description of the quantitative
methodology used to answer the research question presented in Chapter 1. In general the
research is designed to analyze the efficacy of the LCOM in estimating maintenance
manpower productive capacity. The chapter will begin with a discussion of the subjects
and data used to conduct the research. The chapter will then proceed through a
discussion of how the two different F-16 models were modified to reflect the
characteristics (manpower, aircraft, supply, and flying schedule data) of three Cannon F-
16 squadrons for FY2002. The discussion will then move to a description of the process
used to create the 24 different models used to conduct this research. The chapter will

conclude with a description of the statistical methods used to analyze the research results.

Test Subjects

The subject population of this research includes two active duty squadrons of
Block 30 F-16’s and one active duty squadron of Block 40 F-16’s from Cannon AFB
NM. Due to the unique deployment schedules and annual flying requirements of F-16
squadrons in the AF the researcher sought to conduct research on F-16 units that
experienced only home station flying activities. Unfortunately, during FY2002, none of
the operational F-16 units were fortunate enough to avoid deployments. Due to this fact
Cannon AFB NM was selected as the basis of this study essentially due to their

responsiveness in providing all the data necessary vital to this research effort.
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Data

The data collected for this research effort falls into one of four categories:
manpower, aircraft, supply, and flying schedule. The form of this data is discussed in the
following paragraphs; however, the discussion of the use of this data will be contained in
the section regarding the LCOM model development.

Manpower

Manpower information comes in various forms across the AF depending on
whether the information pertains to authorized or assigned manpower. Authorized
manpower is the easiest information to come by as it is developed by a respective unit’s
MAJCOM and changes infrequently. This data can be attained from either the MAJCOM
or the base. Accurate assigned manpower information, on the other hand, is more
difficult to attain since it constantly changes as personnel separate and PCS coupled with
the fact that manpower assignments at the base level involve a certain amount of “horse-
trading” between different units (Hogue, 2002). This data is available, in accurate form,
only at the base level.

Authorized

The Authorized manpower information used in the research came in the form of a
Unit Manning Document provided by Cannon’s personnel office. Five different UMD’s
were used to collect the data for this research; one from each of the flying units (522",
523" and 524" Aircraft Maintenance Units (AMUs)) and one from each of the backshop
squadrons (Component Maintenance Squadron (CMS)-formerly know as the Component

Repair Squadron (CRS), and the Equipment Maintenance Squadron (EMS)).
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Fortunately, Cannon’s personnel office still had the manpower authorizations that applied
to these units before they restructured under the new wing structure at the end of FY2002.
The new wing structure moved all maintenance activities under a maintenance group.
The most noticeable change to maintenance manpower positions, in the flying units, was
the movement of aircraft phase inspections and the associated manpower to EMS.
Assigned

The assigned manpower information was compiled by Cannon’s manpower and
assumed to be current and complete for all AFSC’s except for a limitation in crew chief
manning. Unfortunately, the office did not carry historical numbers but did provide the
current assigned manpower numbers for each of the 5 units. Since maintenance
manpower numbers AF wide have remained relatively stable over the last two years the
researcher believes it is reasonable to assume that the current manpower numbers at
Cannon are similar to the numbers they possessed during FY2002 (Davis, 2002).

Aircraft

There are essentially two categories of aircraft assignments in an operational unit.
The first category of aircraft is called Chargeable Primary Authorized Aircraft (PAA).
PAA is the number of aircraft authorized by Headquarters, United States Air Force (HQ
USAF) and is used as the basis for determining manpower authorizations and flying hour
program numbers. The second category of aircraft is called Backup Aircraft Inventory
(BAI). BAI are used to backfill PAA that are in Depot maintenance and etc (USAFEI
11-101, 1995). The numbers provided by Cannon reflect a PAA breakdown per

squadron, per month.
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Supply

The supply information was provided by the wing’s analysis office in the form of
an Excel spreadsheet, which is a collection of statistics compiled on a month-by-month
basis and reported to the MAJCOM. The statistic of focus for this research regarding
supply information was the NMCS rates that the each flying unit experienced throughout
the year.

Flying Schedule

Flying schedule information for each of the flying units was also taken from the
wing’s monthly analysis spreadsheet. This research focused on the number of scheduled
flights vs. the number of flights actually flown and the resultant sortie generation rate
(expressed as a ratio of the number of sorties schedules divided by the number actually

flown).

Development of the LCOM model

The following paragraphs describe the methodology used to transform each
wartime F-16 model into Cannon’s peacetime mission. The Block 30 and 40 models are
similar so the discussion applies to both models unless specified otherwise. The
modifications that needed to be made fall into the four categories mentioned previously
in the data section. The first category involves modifications to each model to
incorporate Cannon’s authorized or assigned manpower numbers and shift schedule. The
second category involves incorporating Cannon’s aircraft numbers. The third category
involves modifications that incorporated Cannon’s historical NMCS rates. And the final

category involves modifying the model to accommodate flying schedule changes. In
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some cases the modifications were necessary to change the scenario from wartime to
peacetime and in others, the modifications were necessary to incorporate Cannon’s
historical data. These will be specified, where applicable, in the following paragraphs.
Appendices B and C provide examples of the changes made to Forms 15 through 75 or
the changecards, respectively. Due to the length of the data (over 400 pages each)
complete copies of each model are not included in the Appendices, however, the
complete models that were used for this research can be obtained from AFIT/ENS.

Manpower

The data provided for crew chief manning did not reflect crew chief manning
assignments before they were combined under EMS. The researcher attempted to contact
the supervisors of the respective flying units to attain manpower number by interview but
ran into roadblocks stemming from the fact that each unit had recently undergone a
management turnover designed to “shake things up” (Bove, 2002). To avoid using
interview data from some sources and estimating where interview data was not available
the researcher compensated by using a proportional assignment of existing manpower
based on authorizations. In short, each flying unit’s crew chief authorizations for both
the flightline and phase were converted into a percentage of total authorizations. These
percentages were then applied to the assigned manpower numbers of crew chiefs that still
worked either flightline or phase under the new wing alignment. For example, if eight
percent of the total authorizations of crew chiefs were authorized to work in the 522°s
phase dock before the reorganization then eight percent of the total assigned crew chiefs

were allocated to the phase dock for simulation purposes. Appendix A contains the
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spreadsheets used for these conversions and Appendix B provides an example of the
changecards used to allocate manpower.

As briefly discussed in the previous chapter, raw manpower numbers that are
generated from an LCOM manpower study are converted using a MAF to account for
time spent away from work. The MAF used to convert the current UMD numbers from
the sustained wartime LCOM scenario was 1.461. In order to convert the UMD number
supplied by Cannon into a number suitable for use in LCOM, the reciprocal of 1.461 was
used. For example, if a unit’s UMD shows that 100 crew chiefs are either authorized or
assigned, a factor of 1/1.461 was multiplied to this number to attain the number that
would be modeled in LCOM. So the resultant manpower modeled in LCOM would be
derived as follows: 1/1.461 x 100 = 68.45, or 69 crew chiefs would be used to run the
scenario. Appendix A contains a listing of the numbers used to run the LCOM scenarios
for each flying unit.

A problem was confronted on how to model the manpower distribution for the
manpower contained in either EMS or CMS as scenarios were run for each individual
flying unit. These manpower positions are considered a pooled resource that can be used
for any asset requiring work regardless of the squadron from which it came. For
instance, how should the nine personnel authorized in the hydraulic shop (CMS) be
modeled in each simulation scenario? One solution is to divide the authorizations by
three, thereby allocating 1/3 of the total manpower to each of the flying units. This
solution would possibly underestimate the manpower actually available for any one

squadron’s assets and would pose problems in the LCOM where minimum manning
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requirements are specified for certain tasks. Another solution is to use the total
authorization of each backshop AFSC for simulation purposes. This solution would
possibly overestimate the manpower available for any one squadron’s assets. Since the
true manpower contribution from pooled AFSC’s supporting several flying units is
impossible to assess the researcher decided to use 50 percent of the authorized or
assigned (depending on the simulation scenario) manpower numbers for simulation
purposes.

There were two exceptions to the 50 percent manpower distribution process. The
first exception was CMS’s fuel shop. Since the fuel shop at an F-16 base is commonly
very busy with F-16’s from all squadrons the researcher allocated 1/3 of the authorized or
assigned manpower to each unit during the scenario. The same procedure was used for
the structural shop (“sheet metal”). Appendix B contains an example of a changecard
utilized for each simulation scenario.

Finally, the wartime models were written to model two, 12 hours shifts seven
days a week. In a peacetime environment shifts are usually split into three, eight-hour
shifts with one day of weekend work. The models had to be changed to reflect this
change of assumption. Appendix C, Form 40, provides an example of this change.

Aircraft

Since LCOM manpower studies are based on PAA figures, the researcher used
each squadron’s PAA average annual figures to conduct each study. According to
Cannon’s spreadsheets the 522™, 523", and the 524" had an average of approximately

18, 17, and 24 PAA, respectively, throughout FY2002.
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Supply

Average monthly NMCS rates will be used instead of parts actually consumed
throughout the year. The LCOM stochastically chooses aircraft systems failures and
repair times to determine unscheduled maintenance tasks. Each failure prompts the
LCOM to run through a predefined task network that mimics maintenance on the
flightline. To mimic flightline operations the LCOM continues through the task network
until the probable cause of the malfunction is randomly chosen. This cause typically
results in a demand placed on supply to facilitate the removal and replacement of a part to
fix the problem. Since the LCOM cannot be modified to model the actual maintenance
tasks that occurred during FY 2002 it will not be able to model actual parts consumption.
In lieu of modeling parts consumption for Cannon, NMCS rates were used instead. To
effectively reflect the demand for supplies at Cannon, the numbers of parts available in
supply “on the shelf” were varied until the simulation output reflected similar NMCS
rates. Appendix B provides an example of the changecard used to implement these
changes.

Flying schedule

There are three basic methods used to run the LCOM for manpower studies: fly-
when-ready, composite, and scheduled. The following paragraphs briefly describe each
method.

Typical LCOM manpower studies involve flying under a “wartime” scenario to
simulate the worst-case scenario. This scenario is modeled in the LCOM by running the

simulation under fly-when-ready guidance. In other words, all available aircraft will fly,
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land, undergo maintenance (if necessary), get serviced, and returned to the pool of
available aircraft to fly again. This type of scenario is incidentally the easiest to simulate,
but too far from the reality of home station operations.

The second is a composite mission where a combination of different aircraft types
can be modeled (e.g. F-15 and F-16) for the same mission.

The final method is by building a flying schedule. Under this scenario the LCOM
will simulate the number of sorties and turn scheme specified by pulling aircraft from the
available pool of aircraft (24 in the case of a 24 PAA squadron). Under this scenario all
scheduled maintenance actions (e.g. phase inspections and aircraft washes) for the Block
40 model are scheduled by the analyst on Form 75 based on the frequency of occurrence
at the unit under study. The Block 30 model uses attributes to determine when scheduled
maintenance is performed. For example, the Block 30 model uses an attribute named
PHASEDUE to track the hours accrued on each aircraft. After each sortie, the hourly
value is checked to see if the phase inspection is due based on a 300 hourly requirement
(Stone, 2003). Other scheduled maintenance tasks follow the same logic in the Block 30
model based on either an hourly or calendar clock established by maintenance
requirements in the applicable -06 Technical Order (TO).

This research utilized the final method discussed above where the flying schedule
(in terms of number of sorties and turn scheme) for each unit was input into the LCOM.
The fly-when-ready approach first discussed would not capture reality close enough for
this research. The second approach, composite scheduling, did not apply. The final

method was well suited to model to determine capabilities based on alternative flying
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schedules. The following paragraphs provide a discussion of the methodology used to
incorporate Cannon’s flying schedule into LOCM.

Ideally, the most accurate way to model Cannon’s flying activity for FY2002
would be to build a flying schedule that matched Cannon’s day—to-day flying activity.
This type of scenario would have been extremely tedious to perform since it would have
involved making a separate entry for each flying day for the entire year. In addition, it
would have required modeling hot pits, exercises, and split operations. To compensate
for the lack of precision in the scheduling process the researcher decided to use each
flying unit’s sortie utilization rate (UTEs). The sortie UTE is expressed as the number of
sorties flown per aircraft per month and is usually spoken of in terms of an annual figure.
In other words, a squadron with 24 PAA that must fly a UTE of 18, means that the unit
must fly 5184 sorties for the year (24 aircraft x 18 UTE x 12 months = 5184 sorties).
This figure is a programmed UTE rate; scheduled UTE rate figures will be higher to
compensate for historical attrition rates (e.g. weather, maintenance cancels). UTEs are
goals expressed by each MAJCOM’s headquarters for each weapon system and is a
function of aircrew training needs and aircraft availability issues such as depot
maintenance (USAFEI 11-101, 1995).

For the purposes of this research, the annual scheduled sortie numbers for each
squadron was used to determine the scheduled sortie UTE and then converted into a
standard daily flying requirement. The following discussion describes this process for

each flying unit.
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522" Flying Schedule

The 522" scheduled and flew 4489 and 3922 sorties, respectively, during
FY2002 for a 87.37 percent SGR. In order to convert the aggregate scheduled number
into a flying schedule the scheduled sortie number was divided by 12 (the number of
months in a year).

4489/12 = 374 sorties per month

Once the number of sorties per month was determined a schedule had to be built
that reflected what each unit expects it can fly on a recurring basis. For instance, the
schedulers in the 522" expect to be able to fly a 10 front Monday through Friday.
Monday through Thursday they expect to fly a 10 turn 8 and on Fridays a single go
(McGowan, 2003). This equated to a scheduled sortie number for LCOM simulation
purposes of 4484; four short of what the unit actually scheduled.

523" Flying Schedule

The 523" scheduled and flew 4092 and 3778 sorties, respectively, during
FY2002 for a 92.33 percent SGR. In order to convert the aggregate scheduled number
into a flying schedule the scheduled sortie number was divided by 12 (the number of
months in a year).

4092/12 = 341 sorties per month

The schedulers in the 523" expect to be able to fly similar numbers as the 522™
so the same methodology to construct a schedule that could be written to LCOM was

used (Cochran, 2003). Since the 523™ flew less than the 522" and they had fewer
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aircraft the schedule was paired back a bit to attain a similar scheduled number that the
523" actually scheduled. In the end, 4074 sorties were scheduled in the LOCM scenario.
524™ Flying Schedule

The 524" scheduled and flew 5682 and 5179 sorties, respectively, during
FY2002 for a 91.15 percent SGR. In order to convert the aggregate scheduled number
into a flying schedule the scheduled sortie number was divided by 12 (the number of
months in a year).

5682/12 = 475 sorties per month

The schedulers in the 524™ expect to be able to fly a 12 front on Monday through
Friday with two go’s each day. In order to converge on a schedule in the LCOM which
will equate to similar numbers as what the 524" actually scheduled, a 12 turn 12 was
simulated Monday through Thursday and a 12 turn 6 was scheduled on Friday. In the

end, 5672 sorties were scheduled in the LOCM scenario.

Modeling Techniques

After the three basic models for each flying unit had been modified to reflect
peacetime missions and flying schedules, the process of running various iterations for
each of the three models ensued. The iterative techniques involved four groups of
scenarios, which are depicted in Table 2. The first group involved varying manpower
numbers to reflect Cannon’s authorized or assigned end strength while keeping shifts and
supply numbers the same as the baseline. The second group involved varying manpower
numbers again, however, shift philosophies were modified to reflect no overtime or

weekend work. Supplies were kept the same as the baseline. The third group also
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involved varying manning numbers, however, supplies were increased and shifts were
reverted back to the use of overtime and weekends. The fourth group involved manning
variations while modifying shift philosophy and increasing the number of parts. The
iterative techniques (eight total) were used for each flying unit (522", 523", 524™),
which resulted in 24 different scenarios. The following paragraphs discuss the initial
conditions, initialization seed values, warm up period, and the basic techniques used to
run each scenario. Since the eight iterative techniques for each unit was the same the
following discussion applies to them all.

Table 2. Modeling Scenario Matrix

Shift Philosophy Manpower gzzsi‘::?]l;;‘ bility Eiig?ﬁ;‘ ilability
Group 1 Group 3
Overtime (O) Assigned (AS) AS/O/B AS/O/U
Authorized (AU) AU/O/B AU/O/U
Group 2 Group 4
Normal (N) Assigned (AS) AS/N/B AS/N/U
Authorized (AU) AU/N/B AU/N/U

Initial Conditions

At the beginning of each simulation run each aircraft was assumed to be mission
capable and supplies were on the shelf in the numbers specified. The only preconditions
the researcher modeled was to pre-configure aircraft for flight based on each unit’s
pending flying schedule. The practice of pre-configuring aircraft is common practice in
flying units. The pre-configurations for each model were handled by adding this
information to the changecard prior to running each scenario an example of which is in

Appendix B.
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SEEDS

The ASC LCOM program used for this research provides the capability to
establish initialization seeds for production runs. To reduce the variability introduced by
using a random draw of initialization seeds, 75 seed values were generated and used for
each of the 24 scenarios. Specifically, replications 1 through 75 for each of the 24
scenarios started at the same successive seed value as presented in Appendix E.

Warm up

A warm up of 30 days was selected to overcome the initialization bias introduced
by having a fleet of servable aircraft and all supplies on hand at the beginning of each
simulation. According to Law and Kelton, the “simplest and most general technique” to
determine an appropriate warm up period is to graph the output of the simulation to
determine where the graph “flattens out” (1992). In other words, the graph should
display an obvious transient period at the beginning of the simulation period due to input
conditions that don’t mirror reality followed by the graph settling down. Figures 2
through 4 display the average daily sorties produced after running 75 replications of the
baseline models for the 522™, 523", and the 524", respectively. The 522" and the 523"
simulation models appear to reach steady state after approximately one week, however,
the 524" appears to reach steady state after a month. The apparent drop in sortie out put
for the 522" and the 523" at around the 210-day point can be attributed to scheduled
maintenance (one aircraft enters full paint) scheduled for that time. The researcher

believes that a 30-day warm up period was sufficient to overcome initialization bias.
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522 Daily Sortie Output
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Figure 3. 523rd Warm up Period
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Figure 4. 524th Warm up Period

Actual Manning Scenario: Baseline (Group 1)

The first simulation conducted for each squadron was to establish a baseline
simulation scenario that incorporated Cannon’s actual manning, shifts, and NMCS rates.
This meant that the simulation scenario should reflect actual manpower numbers
dispersed over three shifts of maintenance on Monday through Friday and one shift on
Saturday. Day shift (0800-1600) and swing shift (1600-2400) had the largest proportion
of the total maintenance manpower allocated to them with mid shift (2400-0800)
comprising the balance of the manpower. One limitation to this research involved how to
model 10-hour shifts in the LCOM (Cannon maintainers currently work a standard 10
hour shift). When modeling shifts in the LCOM, the 24-hour day must be split such that
the sum of the shifts equals 24 hours. To overcome this limitation the researcher elected
to allow overtime of two hours for personnel, which allowed maintenance personnel to

continue working on tasks instead of being preempted at the end of a shift. The
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researcher believes this is comes closer to modeling 10-hour shifts for simulation
purposes. This manpower allocation reflects Cannon’s actual maintenance practices
throughout FY2002. Supply information was varied until the actual NMCS rates for each
unit were attained. The results from this simulation scenario were used as a baseline for
comparison as manning and shift alternatives were explored during alternative runs.

Authorized Manning Scenario (Group 1)

The second simulation involved incorporating the authorized manning for each
squadron into the LCOM scenario while leaving everything else the same.

Actual Manning with No Overtime and Baseline Parts (Group 2)

The third simulation scenario involved modeling assigned manning numbers and
incorporating the shift policy as published in AFI21-101 ACCSUPI1_INT which states
that maintenance will “limit third-shift manning to small servicing crews, essential
maintenance personnel, and weapons load training” (HQ ACC, 2003). In addition, the
instruction states “maintenance personnel will be scheduled for duty based on a 40-hour
workweek” (HQ ACC, 2003). In lieu of this policy the researcher chose to model shifts
which reflect the spirit of AFI21-101 by eliminating mid shift, reducing shifts to eight-
hours, and eliminating weekend work. Eliminating weekend work is not stated in the
instruction; however, the assumption is that working weekends is not desirable. Manning
previously allocated to mid shift was redistributed to the remaining two shifts and supply

numbers were unchanged.
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Authorized Manning with No Overtime and Baseline Parts (Group 2)

The fourth simulation scenario involved modeling authorized manning numbers
and incorporating the reduced shift policy used in the third scenario while utilizing the
parts established by the baseline model.

Actual Manning with Overtime and More Parts (Group 3)

The fifth simulation scenario involved modeling assigned manning numbers
working the shifts used in the baseline model. Parts were increased to a level established
in Group 4’s scenarios.

Authorized Manning with Overtime and More Parts (Group 3)

The sixth simulation scenario involved modeling authorized manning numbers
working the shifts used in the baseline model. Parts were increased to a level established
in Group 4’s scenarios.

Actual Manning with No Overtime and More Parts (Group 4)

The seventh simulation scenario involved modeling actual manning numbers and
working them under reduced man-hours while increasing the number of supplies to reach
the actual NMCS rate that was realized during FY2002. This scenario was used as the
parts baseline for Groups 3 and 4 since it represents the most constraining in terms of
manpower and shift philosophy.

Authorized Manning with No Overtime and More Parts (Group 4)

The eighth simulation scenario involved modeling authorized manning numbers
and working them under reduced man-hours while increasing the number of supplies as

discussed in the seventh scenario.
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Statistical Methodology

Once the 24 different scenarios were executed and the SGR and NMCS data
collected, a methodology had to be developed to analyze the results and draw
conclusions. The analysis, which will be covered in detail in the next chapter, was
separated into three portions. The first portion deals with validating the baseline model’s
ability to reflect what actually occurred in each unit during FY2002. This analysis will
use hypothesis testing to determine whether the SGR of the baseline model is statistically
equivalent to Cannon’s actual SGR. The second portion of the analysis uses factor
analysis to determine if any of the factors (manpower, shifts, or parts availability) affect
the number of sorties produced during simulation. The final portion of the analysis will
use paired t-tests to determine which factors influence the simulation model’s sortie

output.

Summary

This chapter covered the methodology used to construct the simulation scenarios
used in this research effort. The chapter began with a discussion of the test subjects and
data used to conduct the research. The chapter then addressed the modification of the
Block 30 and Block 40 models (acquired from ACC) to incorporate Cannon’s FY2002
characteristics. The chapter then discussed the iterative process utilized to model the 18
different scenarios used for this research. The chapter concluded with a brief description
of the statistical methodology used to analyze results and draw conclusions. Chapter 4

will discuss, in detail, the analysis and results of the research.
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IV. Analysis and Results

Chapter Overview

The purpose of this chapter is to report the results and analysis of the simulation
scenarios conducted according to the methodology discussed in the previous chapter.
The results and analysis presented in this chapter are broken down into four areas. The
first area simply presents the results of the simulation runs from each of the 24 different
scenarios. The second area is dedicated to validating the baseline models for each of the
flying units. This will entail determining whether the baseline simulation scenarios,
which modeled Cannon’s actual FY2002 maintenance parameters, are statistically
equivalent to what Cannon realized during the period. The baseline models that pass the
first test will then move into the third area of analysis. The third area will concern itself
with an analysis of the 24 scenarios to determine if any of the factors (manpower, shifts,
or parts availability) has an affect on LCOM’s sortie producing capability. A multifactor
analysis of variance (ANOVA) will be used to perform the analysis. Assuming that the
ANOVA shows that at least one factor has an effect, the fourth area of analysis will use
difference of means tests to determine which factors produced different sortie numbers in
LCOM. The chapter will conclude with a restatement of the investigative questions
presented in Chapter #1 followed by conclusions to those questions in light of the

analysis.

Results of Simulation Scenarios
The following paragraph explains the coding used to abbreviate the simulation

scenarios found in throughout this document. Each simulation scenario is identified by
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four parameters separated by a “/”. The first parameter identifies the squadron (i.e. 522
or 523"). The second parameter identifies whether the manpower modeled was
authorized (AU) or assigned (AS). The third parameter identifies whether the shifts
modeled were actual (O depicting overtime; 10 hours and Saturday weekend work) or as
per command guidance (N depicting 8 hours and no weekends). The fourth parameter
identifies whether the number of parts modeled are equal to the amount of parts
developed under the baseline scenario (B) or unlimited (U). For example, 522/AS/O/B,
means that the scenario modeled the 522™ with their FY2002 assigned manning (AS),
shift policy (O), and the baseline parts availability (used to recreate their FY2002 NMCS
rate).

Tables 3 through 5 display the results for the simulation scenarios for each
respective squadron. A more detailed analysis will be included later in the chapter;
however, a general discussion based on inspection will ensue.

522" Results

The first four rows of Table 3 (522" results) show the results from the scenarios
where the number of parts was established by the baseline model (522/AS/O/B) and left
alone while manpower was adjusted from assigned to authorized and shifts were varied
between overtime and normal. When comparing the first row to the second row where
manpower was raised from assigned to authorized there appears to be an increase in the
number of sorties flown. The slight increase in NMCS rate from the baseline model to
the authorized manning model is statistically insignificant. The third and fourth rows

display the results after reducing shift hours to eight and eliminating weekend work while
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still modeling the parts established by the baseline model. Note 