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Abstract

Airlift capacity is a definitive factor in the success of large-scale military
operations. History proves that the demand for airlift soon exceeds its capacity during
simultaneous deployment of forces. Therefore, good solutions to the airlift capacity
problem are important. This thesis contributes to the resolution of this problem by
seeking ways to reduce readiness spare parts packages (RSPs) deployed for Air Force
squadrons through addition of airlift criteria into the RSP selection process.

We find that item cost, weight, and volume are three important criteria for RSP
computations. We then offer a method for implementing these three criteria in the RSP
selection process. We evaluate our method using an experimental design based on the
USAF Aircraft Sustainability Model.

The experiment results show that RSP sizes can be reduced, but typically at a high
increase in cost. However, in some cases the three criteria used together can achieve
smaller, cheaper RSPs than the current USAF approach (using only cost-based analysis)
can produce. These results suggest that this method should be adopted for the RSP
selection process, to enable cost vs. airlift requirement tradeoffs, and to achieve cost

reductions on selected RSPs.




EFFECTS OF ALTERNATIVE PERFORMANCE
CRITERIA UPON COMPOSITION OF AIR TRANSPORTABLE SPARE PARTS

KITS

1. Introduction

A. Background

With the end of the cold war, the world became more prone to conflicts, most of
which affect the western allied countries. The Gulf War and the Bosnia Crisis are two
recent examples. In both cases the USA and the allied countries deployed a considerable
amount of military forces to the conflict region. With its breath taking technology,
capabilities, and speed, air power proved its importance in the battlefield during these
recent wars. The leading force of the deployed military forces was the Air Force, which
is the safest way of fighting, although quite expensive. But fighting expensively from air
1s a good trade off for high casﬁalty rates, especially in today’s political environment
against military operations in developed democratic countries.

The World changes fast and conflicts are almost unpredictable. This nature of the
conflicts requires fast decision-making and implementation. We witnessed the fast pace
of the conflicts in the Gulf War. Shortly after Saddam Hussein’s speech as a warning to

Kuwait on July 17, 1990, Iraq invaded Kuwait on August 2. As a reaction to this fast




development, the first USAF aircraft landed in the crisis area on August 8, only 6 days
after the invasion. The 35" day of the deployment saw 398 USAF aircraft flying in the
region, which was equal to Iraq’s fighter capability. On the D-Day on January 17, when
the Coalition air forces initiated Operation Desert Storm, USAF had 652 aircraft (Coyne,
1992:29; 181).

The urgency of the operations increases the importance of airlift because of its
speed. Although airlift is fast, it has limited capacity. For example during the Gulf War
when “...the Central Command published the first deployment schedule, it exceeded
Military Airlift Command’s capability by 200-300 percent. As a result deploying fighter
squadrons did not receive necessary airlift support, and from there problems cascaded”
(Keaney, 1993:208). In August, the first month of the Gulf War deployment, Military
Airlift Command (MAC) “flew more than 2,000 missions hauling more than 106 millions
pounds of cargo and carrying more fhan 72,000 people over distances exceeding 7,000
miles” (Coyne, 1992:130). In order to meet the demand, USAF activated the first two
stages of the Civil Reserve Air Fleet (CRAF), for the first time in its thirty eight-year
history. The CRAF contributed 3,813 additional aircraft to a total 18,466-aircraft airlift
force (Coyne, 1992:30). But the number of the aircraft is not the only constraining factor,
as seen in the Gulf War. The limited number of airfields did not let all aircraft be served
at the same time. The Maximum on the Ground (MOG) rate was a big issue. Once an
airfield’s MOG is reached, the airlift flow stops. In order to mitigate the MOG problem,
the USAF applied fast unloading and refueling methods to open space for incoming
traffic. This helped increase the throughput and the airlift capacity to some degree

(Coyne, 1992:130).




The urgent airlift need constitutes a difficult high demand, low capacity problem.
There are two ways of solving high demand, low capacity problems. The first approach
is to increase the capacity to match the demand. During the Gulf War the civilian airlines
employment is an example of this approach. The second approach is to decrease the
demand to match the capacity. The subject of this thesis is a subset of the second
approach.

Logistics support for deployed air combat units is one of the sources of airlift
demand during a deployment. Because the air operation is the first phase of the overall
operation and has to start from the first day, the air combat unit deployment has priority.
This is why airlift is preferred as a transportation method for air combat unit
deployments. As a subset of the logistics support, spare parts are important to attain
effective combat aircraft availability during a deployment. If the Air Force reduces the
amount of spare parts needed to support the deployed units, this would reduce the overall
demand for airlift.-

Which part and at what quantity to bring to the deployment site is one of the
questions that logistics management must answer. Today the USAF uses a dynamic,
reparable item inventory model called the Aircraft Sustainability Model (ASM) to solve
the spare parts problem. The performance criteria for the spare parts optimization have
been cost up to this time. A marginal analysis is used to select the correct parts that
contribute the most to the total aircraft availability for each additional dollar. The ASM
offers the spares parts mix that gives a desired level of aircraft availability with the least
total cost according to the flight activity level required in the operations plans. From

these spare parts “...recommendations, the deploying USAF unit builds Readiness Spares




Packages (RSP) for a 30 day deployment period” (Peterson, 2000:4). The RSPs are the
cushion spare parts to serve the aircraft, until the local maintenance systems are set up
and the logistics network are built with the home base. Because the RSP are needed from
the first day of combat flight activities, they are transported with airlift right after the
deployed units (Peterson, 2000: 4). Although the marginal cost optimization approach
works well, there are other important considerations, such as the limited capacity of
airlift, for deployments to crisis areas. We can reach the availability target with the
cheapest parts composition, but this does not mean that this composition is the lightest to
carry.

By using other performance criteria such as weight and volume, the deployed air
units can achieve the same availability level with less airlift load, which frees some airlift
for other uses. But employing 6ther criteria rather than cost will cause a trade off
between cost and those criteria. The relative effect of the different criteria is important

when deciding which criteria to use in the spare parts optimization for deployments.

B. Statement Of Problem

Because of the fast pace of modern warfare, military airlift capacity has a strategic
influence on the results of war. For this reason, the solution of airlift capacity problem is
important for success. As mentioned previously, the solution to a high demand, low
capacity problem has two approaches. We should either increase the capacity to match
demand, or manage the demand to match the capacity. We address the problem by using

the second approach.




This thesis looks at the ways of reducing the Readiness Spares Packages in
measure of the airlift capacity constraints, such as total weight and volume. For

achieving this purpose we use cost and other criteria in RSP calculations for different

aircraft types.

C. Research Questions

This research addresses the following questions:

1. What airlift criteria afféct the RSP selection in terms of airlift capacity?
2. How can we apply these airlift criteria to the RSP sele;:tion process?

3. How does application of these airlift criteria affect the RSPs?

4. How can we build RSPs that Better suit the airlift capacity by using these airlift
criteria?

D. Research Approach .

This thesis first introduces the RSP calculation methodology currently in use.

The methodology is first illustrated on a simple mathematical model. It is then discussed
in the context of the Aircraft Sustainability Model (ASM), which is more complex.

After introducing the mathematical methods, the thesis evaluates possible airlift
criteria that can be used for RSP calculations. Following the evaluation and the selection,
the thesis shows how to use the selected criteria for RSP selection.

In this chapter, we introduced the airlift capacity problem and stressed the

importance of a solution. We selected a demand reduction approach to solve the low




capacity-high demand problem. Then we introduced the research questions that we aim
to answer in this study.

In Chapter II, this thesis introduces the current mathematical approach for RSP
calculations. Then we define the airlift criteria that we can use for RSP calculations.
Following the criteria selection we will show how to use the new criteria with the cost
criterion. This way we will answer the 1* and 2" research questions.

The thesis answers the 3™ and 4™ research questions through a series of
experimental RSP calculations, which is introduced in Chapter IIl and IV. The ASM is
used as model to execute the experiment. The experimental design examines the effects
of each criterion on RSPs. Simultaneously, the thesis shows different ways to use the
cést and other criteria in the RSP selection process, and examines the effects in terms of

airlift assets and measures. In Chapter V, we brief conclusions and recommendations of

this research.




II. Literature Review

A. Cost Based Marginal Analysis

1. Cost As A Criteria For Spare Parts Calculations

Supply chain requirements calculation has always been a problem area for the Air
Force, given the limited budgets. Stock levels have a strong effect on aircraft availability
levels. Starting in the early 1950s and increasing parallel to the improvements in
computer technology, simple materials requirements calculation methods gained a
momentum toward more advanced methods (Notes, 2000).

Because of the difficulties in data collection and computation with manual
methods during early 1950s, the methods used for setting the stock levels were simple.
The experience of tﬁe personnel in charge was the definitive factor on the stock levels.
The stock levels were set item by item and for each base and upper levels independently,
which is called the “item approach”. Although not optimal this method was sufficient
until aircraft technology became more complex and expensive to maintain. The Cold
War increased the Air Force cost of operation, which resulted in a focused attention on
the cost factors, including the materials requirements process. A study group established
in 1952 by the Air Force “...found that half of the spares budget went to purchasing three
percent of the items, while 95 percent of the 725,000 items in the inventory cost less than
$10 each.” (Notes, 2000). These results, for the first time, pointed out the cost
differences of the items purchased. As a result a new policy was applied that takes a

selective attitude against cost-drivers, which was called the “Hi-Value” program.




Another result of this study was the separation of consumable and repairable inventory
management (Notes, 2000).

From the 1950s to 1960s, focused studies on the requirements calculation problem
brought a new dimension by adding the probability-based pipeline concept. Using these
concepts, RAND built the Base Stockage Model in 1965. The Base Stockage Model used
a marginal optimization method for the Air Force repairable item requirement generation
process. This marginal optimization method minimized the expected back orders with
the minimum possible purchase of items. Although the Air Force did not officially use
the Base Stockage Model, the marginal optimization method the model brought was
adapted to succeeding models (NOTES, 2000).

The Logistics Management Institute (LMI) criticized cost for not being
sufficiently predictive of mission capable rates. Setting the same fill rate for the different
types of aircraft resulted in lover MC rates for the more complex aircraft. In the1970s, a
study at LMI pointed out that expected back orders could be translated in terms of aircraft
availability levels, which better describes aircraft readiness. This new idea changed the
marginal optimization method slightly. The new purpose of the optimization was to
obtain the highest possible level of aircraft availability with the lowest possible total
purchase cost (Notes, 2000). This approach is named the “weapon-system approach”.

The weapon-system approach gave dramatic advantages over the traditional item
approach, which typically uses individual item measures to determine how many spares

of the item were required. A comparison of these two approaches is given by Slay, at all:




LMI compared the two approaches using F-16C aircraft data from the
USAF. The results show (see Table 1) that, for the same costs incurred
under the item approach, the weapon-system approach increased aircraft
availability by 30 percent. Alternatively, for same availability, using the
weapon-system approach provided a 40 percent budget saving over the
item approach (LMI, 1996:1-5).

Table 1. Item vs. Weapons-System Approach (LMI, 1996:1-5)

Weapon-system Approach
Performance Measure Item Approach Minimizing Cost IXIaxjmigipg
vailability
Availability (percent) 54 54 84
Cost ($ millions) 14.5 8.6 14.5

(USAF F-16C Aircraft Reparable Database)

Weapon system approach optimizes spares parts packages by using aircraft

availability and total purchase cost. Figure 1 graphs the aircraft availability versus cost

curve. Above the curve is the infeasible region. The curve itself represents the

maximum availability level for each cost point. Figure 1 illustrates the example

summarized in Table 1 as points A, B, and C. As seen from the graph, points B and C are

on the availability-cost curve, which means that these solutions are optimized for cost.

Yet, point A is below the curve, which means we pay more for the availability we are

getting. We conclude that the item approach gives spares packages that fall below the

availability-cost curve, while the weapon system approach gives solutions on the curve.

The recent defense budget cuts forces the armed forces to be more cost efficient

without reducing effectiveness. On the other hand, sustaining modern weapon systems

requires a great amount of spares parts inventory. For example, “...the Air Force today




manages almost $24 billion worth of inventory of aircraft repairable spare parts. In
September 1998, the Material Support Division Operating Obligation Request was
$1.285 billion for procurement and $1.92 billion for repair of these components.” (Notes,
2000). The logistics expenses are a big percentage of total defense expenses. The

logisticians have to plan the use of budget carefully to be cost efficient, yet still satisfy

the performance requirements.

Availability versus Cost

£z
Lot
o)
s
=
S
>
<

Figure 1. Aircraft availability versus cost

Being an important logistics cost driver, the repairable inventories deserve
empbhasis for cost reductions. The use of aircraft availability and cost in spares packages
helps the logisticians to reduce the cost given the same performance targets. In
conclusion, the cost is a necessary optimization criterion for spares packages
computations.

In this part of the chapter, we briefly summarized the evolution of the use of

availability and cost as criteria for the spares packages calculations. We emphasized the
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importance of the cost reductions, without causing a loss in performance levels. We now
introduce the cost-based marginal analysis in the weapon system approach.

2. A Single Site Aircraft Availability Model

We explain the marginal analysis method by using a single base and single type
item scenario. We assume that the base has a repair shop and the item can be repaired at
base. There is no condemnation of the unserviceable items. Let us consider a single item
in the base pipeline. When the item failures on the aircraft the flight line personnel sends
the part to the repair shop, while requesting the same type item for replacement. If the
item is in base supply, the flight line personnel immediately replaces the item. If the item
is not in the base supply, the aircraft waits until an item becomes available. The

graphical view of the single site model is illustrated in Figure 2.

ﬁ Repair Shop 9 Serviceable Stock

Base BASE
Repair
Cycle

SERVICEABLE

UNSERVICEABLE

Figure 2. The Single‘Site Model Graphical View (Notesl1, 2000).

We assume that the base is operating in a steady state, typical of peacetime
operations. Although the daily total flight hours might differ during peacetime, there are
no major fluctuations in the flight hours; so we assume that flight hours are constant each
day. Thus a stationary random (stochastic) process can describe the arrival of demands,

and a Poisson process or negative binomial distribution can be used to describe this

11




demand activity. We use the Poisson process for the model. At any demand rate, for a
stationary Poisson process, if A represents the expected number of demands per day, then
the expected number of demands in a time period, T, is T . For a Poisson process, the

probability that exactly » demands occurs in T days is:

(1)

p(n)zw

In our scenario, each part that failed on the aircraft is sent to the repair shop. We
assume that the repair capacity is infinite and there is no queuing at the repair shop. The
parts passing through the repair shop constitute a stream of unserviceable parts. We call
this stream of parts the base repair pipeline (BRpipe). Each part entering the BRpipe
spends a repair time, which we call base repair time (BRT). We assume that the BRT is
constant. Given the constant daily demand rate A for the parts, x, the total number of the
parts in the BRpipe is sirhply equal to ABRT . If we replace ABRT withthe AT in
Equation ( 1), we can calculate the probability of having x number items in BRpipe
(IMI, 1996:2-3,2-6).

The pipeline quantity probability is important, because assuming the base
operates under (s-1,s) inventory policy, we can calcu}ate a performance measure called
Expected Back Orders (EBO). The EBO is an important performance measure that let us

calculate aircraft availability, which is a practical input for base flight plans. A back

12




order occurs whenever the demand level x exceeds the base inventory level s. Then the

number of backorders is equal to x - s , for x greater than s (LMIL,:2-5),

EBO = Z(x —s)p(x). (2)

We can derive the aircraft availability by using the EBOs. For simplicity we
assume that there is no cannibalization and all items are installed directly on the aircraft.
We name this type of items as Line Replaceable Units (LRUs).

When the base supply cannot replace a failed part, this causes a backorder. “This
backorder causes a hole on the aircraft, and the plane is Non Mission Capable for Supply
(NMCS)” (LM, 1996:2-12). With the assumption of no cannibalization, we take the
number of back orders as the number of the NMCS aircraft. We assume that Non
Mission Capable rate is only a function of supply and we neglect the effect of other
factors, such as maintenance delays. Therefore, we define aircraft availability, as the
percentage of planes not NMCS. “Computing aircraft availability involves calculating
the number of backorders (or holes on the aircraft) and how many planes those
backorders make NMCS (how many different planes have holes)” (LMI, 1996:2-12).

To find the expected availability, we can use the EBO instead of number of the

backorders:

availability = 1 — -EEQ— =] —M.
NAC NAC

where NAC is number of aircraft, and E(NMCS) is expected number of NMSC.
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“We can interpret availability as the probability that a randomly selected
aircraft is not NMCS. The extension to multiple components is
straightforward when we assume independence of the backorder process
across components. Let EBO; be the expected backorder total for LRU,,
with a given spares level. With the assumption that backorders of
different types of components are independent, the probability that a
randomly selected aircraft is not NMCS for any LRUj, is the product, over
all the LRUs, of the probabilities that the aircraft is not NMCS for each

one. Thus” (LMI,:2-13)

EBO
availability = ( ——’J. 3
_ I,] NAC (3)

The availability function that the ASM uses is more cofnplicated than Equation (
3). Because we are only discussing how the marginal analysis works, the formulation up
to this point is enough for our pufpose. Next we discuss how marginal analysis applies to
the availability model that we give in Equation ( 3).

3. The Marginal Analysis

Logisticians face two spares parts objectives. The first objective is to achieve the

maximum aircraft availability with a limited budget. This objective is formulated as:

EBO,
max {H( NACJ} (4)
subject to {Z c;s; < Budget}
!

where ¢; and s; stands for cost and stock level of LRU,. NAC is the number of aircraft.
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The second objective is to minimize the cost of achieving pre-defined aircraft

availability. This objective is given below:

min{Zc,s,} (5)

subject to{l_[(l - l;éoci ) > Predefined Availability }

!

Marginal analysis helps logisticians to decide which spare parts, and how many,
to buy. The addition of every part increases total availability. But some parts add more
availability than others do, while some are cheaper. Marginal analysis looks at the

selection problem from a value point of view. The general value equation is:

-_ Benefit
Cost

Value

If we define benefit as aircraft availability, we obtain value equation for spare

parts selection, which is:

_ Aircraft Availability
Cost

Value
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Both spare parts selection objectives, Equation ( 4 ) and ( 5 ), are maximizing
value either by minimizing cost given the availability constant, or by maximizing the
availability given the cost constant. The marginal analysis compares the value of the

addition of each candidate item to the system. The marginal value can be defined as:

Marginal Availability
(6)
Item Cost

Marginal Value =

Given two separate parts, LRUs, the rule of selection is:
If Marginal Value of LRU; > Marginal Value of LRU, then select LRU,,
If Marginal Value of LRU, > M.arginal Value of LRU; then select LRU,,
If Marginal Value of LRU; = Marginal Value of LRU, then select Randomly.

Let us apply the marginal analysis to an example. We use a single 10-aircraft site,
making the same assumptions that we made in the previous section to find availability
equation. The necessary information for the marginal analysis for the two-LRU example

system is given in Table 2:

Table 2. Example Model Parameters

Demand Rate Cost
) BRT | (5x10,000)
Part 1 15 0.1 3
Part 2 10 0.2 1
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Assuming the demands for parts are a Poisson process, the means of the Poisson

distribution for each part can be calculated as below:

u, =2, -BRT, =15x0.1=15

4, =2, BRT,=10x0.2=2

The probabilities of having x demands for these two mean values in a specific day

are shown in Table 3:

Table 3. Thé probabilities of having demand x for mean values 1.5 and 2.

x .| Poisson(x|1.5) Poisson(x|2)
0 0.22313016 0.135335283
1 . [0.33469524 0.270670566
2 0.25102143 0.270670566
3 -{0.125510715 0.180447044
4  ]0.047066518 0.090223522
-5 0.014119955 0.036089409
6 0.003529989 0.012029803
.7 " 10.000756426 0.003437087
8 0.00014183 0.000859272
9 0 0.000190949
10 0 0

Given these probability values and using Equation ( 2 ), we can calculate the EBO; for
each part. Table 4 gives the EBOs for both items for different stock levels. For example
if we set the stock level of LRU; to 2 we may expect 0.28 backordered LRU; at any time.
Given an EBO we can calculate aircraft availability rates and apply marginal analysis to

select an optimal set of spare parts stock. Let us apply the marginal analysis to our

example for obtaining 95% aircraft availability with the least possible cost.
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Table 4. EBOs for stock level s for each part.

Expected Back Orders
s EBO, EBO,
0[1.5 2
1{0.72313016 1.135335283
2[0.280955561 0.541341133
310.089802391 0.218017549
4[0.024159937 0.07514101
5/0.005584 0.022487992
6[0.00112802 0.005924384
7(0.000202028 0.001390578
8 0.000293859

Assuming the stock levels for both items is 0. Using Equation ( 3 ) aircraft

availability for zero stock levels is calculated as:

Availability[0] = ( - M) . ( ;_EBO, (Q))
NAC NAC

' 1.5 2
Availability[0] =| ] -—|-| I -— |=0.85x0.8 =0.68
vaila zlty[j ( 10) ( 10) X

where EBO(sy stands for the EBO for the LRU , for the stock level s;, and availability[j]
is the final aircraft availability after the addition of the jth purchase to the system.

The availability for zero stock levels shows that if we do not purchase any items
for the system, the aircraft availability is expected to be 0.68. After this point purchases
to the system will increase the aircraft availability. We will either buy LRU; or LRU..
To decide which item to buy we need to compare their marginal value to the system. Let

us calculate the aircraft availability when we buy one LRUj setting s;to 1 and s, to 0.
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Availability, [1] =| 1- M) . (1 _EBO, (0))
NAC NAC

Availability, [1] = ]—M)-( 2

1-— [=0.927687x0.8 =0.742
10 10

When we add one part 1 to the system the aircraft availability increases from 0.68
to 0.742. Using Equation ( 6 ), we can calculate the marginal value of the first LRU; to

the system:

Availability, [ 1] - Availability[0]

Marginal Value, [1] = Cost of LRU
1

Marginal Value, [1] = —0-—7-‘12;—0@ =0.02

where Marginal Value, [j] is the marginal value of purchasing LRU, for the system as jith
purchase.

Repeating the calculation for the LRU, by setting s;to 0 and s, to 1 yields:

Availability, [1] =| 1 _M) , ( ;_ EBO, (1))
v NAC NAC

1.5

Availability, [1] = 1- —J -(1 - ———-——-1' 133335253

10

10 )=0.85><0.886466 =0.753
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The addition of LRU, instead of LRU, increases the aircraft availability from 0.68

to 0.753. The marginal value of LRU, to the system is:

Availability, [ 1] — Availability[0]
Cost of LRU,

Marginal Value, [1] =

Marginal Value,[1] = 2—7—5—%—;—9@- =0.07

Using the marginal values for each selection, we can determine which item to
buy. The marginal value of the first LRU, to the system ,0.07, is greater than the
marginal value of the first LRU;, 0.02. Based on the marginal analysis selection rules we
select LRU, and set s, the stock level of LRU>, to 1 and increase the expected system
aircraft availability to 0.753.

The next step is the selection of the second item that we will add to the system.
We can buy the first LRU;, increase s; to 1 or buy the second LRU,, increase s; to 2The

availability of the first LRU; is:

Availability, [ 2] =[1_M)].(1_ EBOZ(‘I))
NAC NAC

0. 72313016) . ( _ 1.135335283)

Availability, [2] =| 1
vailability, [ 2] ( 10 70

Availability, [2] = 0.927687 x 0.886466 = 0.822
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and the marginal value 1s:

Availability, [ 2] — Availability[1]

Marginal Value, [2] = Cost of LRU
1

Marginal Value,[2] = @2%—;561—@ =0.02

The addition of the second LRU, to the system’s availability is:

Availability, [ 2] =| 1-ZB9 (0)) ( ;- EBO, (Z)J
NAC NAC

) .
Availability,[2] =| 1 ‘H} : [1 'Qﬁ%ﬂﬁ

0 ) =0.85x0.945866 = 0.804

and the marginal value of the second LRU, is:

Availability, [ 2] — Availability[1]
Cost of LRU,

Marginal Valuéz [2] =

MarginalValue, [2] = W =0.05

Once more the marginal value of adding LRU, is greater than adding LRU;. With
the addition of the LRU, s, will be set to 2, while s; stays 0. The new system aircraft
availability is 0.804. Continuing this process to obtain a goal of 95% aircraft availability

yields the buy list and system availability shown in Table 5.
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Table 5. Buy list and system aircraft availability level.

. Shopping | Availabili Cumulative Cost
Tteration LI:Et i (%) v (Thousand §)
0 none 68.0 -
1 LRU, 75.3 1
2 LRU, 80.4 2
3 LRU, 83.1 3
4 LRU, 90.7 6
5 LRU, 95.0 9

The shopping list with 3 LRU; and 2 LRU;, gives us 95 percent aircraft
availability with the least possible cost. Figure 3 plots the availability versus total

purchase cost. The area above the line is infeasible, while the area below represents non-

optimal solutions.

Availablity vs. Cost

Availabitity
o
o

$- $1.00 $2.00 $3.00 $6.00 $9.00
Cost

Figure 3. Aircraft availability versus total cost for the shopping list.
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4. Aircraft Sustainability Model

a) Introduction To The Model

We introduced cost based marginal analysis on a simple mathematical model.
Although this mathematical model can be useful in small-scale repairable inventory
management problems, it only captures a limited amount of real life detail. The variety
of Air Force operational activities réquires complicated models for repairable inventory
management. One high-level repairable inventory management model is the Aircraft
Sustainability Model (ASM). “The ASM, developed by the Logistics Management
Institute for the United States Air Force, is a mathematical statistical model that computes
optimal spares mixes to support a Vk;ide range of possible operating scenarios” (LMI,
1996:1i1).

The ASM is used by USAF to determine RSPs for deploying squadrons, initial
provisioning for F-22 Advanced Tactical Fighter, and the E-8 Joint Surveillance and
Target Attack Radar System (JSTARS) (LMI, 1996:iv). The ASM has been applied to
other high technology and heavy-duty systems such as petroleum pumping machinery
and space stations (Kline, 1999:1-1).

Another model that has wide-spread use in the USAF, although older than the
ASM, is Dyna-METRIC. Dyna-METRIC has analytic and simulation versions. Similar
to ASM, the analytic versions of Dyna-METRIC can calculate RSPs for dynamic
demands and uses a marginal analysis method for optimization.

We use the ASM in this research. The reason we use the ASM is the fact that the
ASM has been built over the experience of Dyna-METRIC and is replacing it in the

USAF. We now brief the ASM’s functional characteristics and capabilities. For a
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thorough description of the model, we recommend the reader consider Kline (1999) and
LMI (1996).

The ASM can calculate spares part packages for a wide range of scenarios. These
scenarios range from peacetime steady-state operating conditions to wartime fluctuating
conditions. The model also lets user define a peacetime scenario that is followed by a
wartime scenario. The model is built upon three different spare part calculations, which
are initial provisioning, replenishment, and readiness spares packages (RSP).

When the Air Force buys a new weapon system, it has to build the logistics
replenishment system for the new system simultaneously. The time required for the
design and implementation of new replenishment system, or the coverage period, changes
according to the system’s complexity and technology. Until the implementation of a new
replenishment system, the weapon system entering to inventory has to be supported with
spare parts to keep the mission capable rates at the desired level. For spares part support
during the coverage period, Air Force buys spare parts along with the weapon system, --a
process called initial provisioning. The ASM can calculate initial provisioning
requirements given the budget, desired availability level at the end of coverage period
and the duration of coverage period (Kline, 1999:1-1).

The model, given the existing levels of spare parts, can also predict the
supplementary replenishment spare parts to reach a new availability level or operation
scenario. The third capability of the ASM is the calculation of the RSP needed for spare

parts support of a deploying squadron until the establishment of a supply system.
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The characteristics of the ASM are (LMI, 1996:1-2):

The model is a single weapon system,

An aircraft is assumed not mission-capable-supply upon failure of a component for
which no spare is available,

All failures occurs at bases

All bases are uniform with respect to demands, re-supply times, and repair
capabilities,

Demand rates can be defined as steady-state or changing,

Items that cannot be repaired at bases are shipped to second echelon (depot), and
replenishment from depot is immediately requested,

At the depot, the item can be repaired or condemned,

Both echelons- base and depot- are presumed to operate using an (s-1,s) inventory
policy, under which, with every demand, a re-supply action is initiated immediately.

The model built upon multi indenture policy, which classifieds items as line
replaceable units and shop replaceable units,

The model allows cannibalization.
Specific input parameters of the model include (LMI, 1996:1-2):
Failures per flight hour,
Base and depot repair times,
The probability of repair at each site,
Condemnation rates,
Transportation times,
Unit cost,
Quantity per application,

Procurement lead-time.
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The model requires operating tempo of the bases in the form of daily planned
flight hours. Flight programs can be defined as steady state for peacetime or changing for
wartime operations (LMI, 1996:1-2).

b) The Methodology

The basic methodology, as taken from LMI (1996:1-3) consists of three steps:

o The first step involves characterizing the probability distribution of
the number of items in various stages of the re-supply process (or
“pipeline”’)-unserviceable in repair at bases or depot and
serviceable/unserviceable in transit. The relationship between
these quantities and the number and location of spares in the
system determines the probability of a backorder.

e The second step is to relate that item information to weapon-
system performance; specifically, to determine the expected
number of item backorders, the expected number of aircraft not
mission capable-supply, and several other weapon system-oriented
measures of supply performance.

e The third step is to produce the availability-versus-cost curve and
the associated optimal spares mix for a specified availability or
budget target.

e The model uses a marginal analysis technique that determines the
best mixes of spares for a wide range of targets (LMI, 1996:1-3).

This three-step methodology and the possible types of calculations that the ASM

offers are exhibited in Figure 4.

26




— Step 1. Item information _

__ Step 2. Availability calculation
. Without S With
. cannibalization | cannibalization -

_ \/ Step 3. Optimization \/ _
- Without - - With
cannibalization - canmibalization

F igure 4. Basic Model Methodology (LMI, 1996:1-4).

B. Other Criteria Based Marginal Analysis

1. Selection Of Alternative Criteria

Because this study gims to reduce airlift demand, the alternative criteria that we
want to include in RSP calculation process should be related to airlift constraints. In
order to define the alternative criteria, we will examine RSP calculation process in the
context of warfare planning with the aid of management science literature.

Decision-making and planning processes are two inseparable functions of
management in an organization. Decisions made by managers give directions to the
planning activities. Griffin defines decision making as the cornerstone of planning
(1999:200). According to Griffin, a planning process is a generic activity, although each

organization adds its own nuances and variations to the process. “All planning occurs
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within an environmental context. If managers do not understand this context, they are
unable to develop effective plans. Thus understanding the environment is essentially the

first step in planning.” (Griffin, 1999:200). Griffin’s environmental context is shown in

Figure 5.

The Environmental Context

The organization’s mission

Purpose Premises Values Directions

v v

—> Strategic goals > Strategic planning —>

v v

—> Tactical goals > Tactical planning >
v g

< Operational goals v > Operational planning >

Figure 5. The environmental context (Griffin, 1999:201).

Griffin explains the environmental context as:

The mission outlines the organization’s purpose, premises, values,
and directions. Following from the mission are parallel streams of
goals and plans. Directly following the missions are strategic
goals. These goals and the mission help determine strategic plans.
Strategic goals and plans are primary inputs for developing tactical
goals. Tactical goals and the original strategic plans help shape
tactical plans. Tactical plans, in turn, combine with the tactical
goals to shape operational goals. These goals and the appropriate
tactical plans determine operational plans. Finally, goals and plans
at each level can also be used as input for future activities at all
levels (Griffin, 1999:201)
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Organizational planning occurs in a hierarchical structure, in which all levels
interact with each other. As a large organization, the Armed Forces establish a similar
environmental structure. Starting from the highest strategic level, the National Security
Policy, decisions direct the overall planning process down to the operational level.
Military power is an instrument to achieve national security objectives. The National
Security Directives, threat characteristics and'conceptsiof operations affect the Armed
Forces’ strategies and missions. For example the START and conventional forces
reduction caused a decrease in the threat against Western Block Countries. The decrease
in the strategic weapons led to more frequent regional Third World conflicts. This threat
change caused a strategy and mission change for the armed forces, especially for the
USA (Nelson, 1992:33). New scenarios requ'ire “rapid déployment, massive airlift, and
mobile, high power systems instead of a European scenaﬁo between industrially
advanced nations with high tgchnolégy and‘ hjeavy armor” (Nelson, 1992:33).

The strategic level of management assesses the threats and considers the possible
military response options in the light of current force structure and their capability to
change the lower level operations plans to meet the new threats. The current force
structure capability is important, because if the force structure does not have enough
capacity to meet new operational plans, then the strategic level should solve the problem
either by changing strategic level objectives or by increasing capacity via acquisition. If
the strategic level sets the goals and makes the plans without considering the lower level
capabilities, then these goals and plans might be infeasible. On the other hand the

strategic level has the aggregate level information which is more desegregated at lower
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levels in regard to capacity issues (Silver, 1985:508). At this level the detailed
information either is not available or unnecessary to consider. Strategic level planners
test the feasibility of the goals and plans by using this aggregate level information.

Use of CRAF during the Gulf War is a good example of the capacity situation.
The strategic goals of the Gulf War required an incredible amount of military force in the
region in a short time. Deployment plans prepared in the direction of strategic goals
required the deployment of military assets and personnel in a specific time, which was
infeasible with the MAC airlift assets. Therefore strategic level management opted to
employ the CRAF to increase the airlift capacity and made the deployments plans

feasible.

The strategic level’s goals and plans constitute the input to the tactical level of
planning. The tactical level has more detailed information than the strategic level and
generally plans for utilization of the resources on hand (Silver, 1985:508). For example,
an Air Force tactical level planner takes thé strategic level direcfive of focusing on a
conflict in the Persian Gulf and the strategic targets to make an operation plan. At this
level the operational plan’s purpose is to achieve the mission with the best utilization of
the aircraft and other resources in hand. In a deployment scenario tactical planning

questions that might be asked are:

e what type of aircraft to deploy,
.e  how
e many aircraft to deploy,

e how the flight plan will be,
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e what aircraft availability level is necessary for the achievement of the mission,

e what level of maintenance resources the units should have.

Silver includes inventory level as one of the variables that tactical management has
control over (Silver, 1985:508). From this point, we will include the selection of the
composition of readiness spare parts in the tactical level of planning because it is an
inventory level activity.

Operational level plaﬁning takes the tactical level goals and planning as input and
has the most detailed information, compared to the strategic and tactical levels. For
example the RSP required for a deploying unit is determined by tactical planning and is
the input for the operations leyel. The operations level will schedule airlift, assign the
given RSP to airlift resources; load it to airlift assets and carry it to the deployment area.
For this specific example, which type of aifcraﬁ will carry the RSP, on what day and in
which transport aircraft, and how the RSP will be loaded might be some of the questions
that an operational level planner has to answer.

After examining the warfare planning with the RSP planning in consideration, we
can conclude that the RSP suppért to a deploying unit starts with the selection of the RSP
at the tactical level and ends with the deployment of the RSP to a deployment base. In
order to select the criteria that should be used at the tactical level RSP selection process,
we need to look the two levels of activities in more detail.

The main considerations for RSP selection are the required flight plan, aircraft
availability requirement, maintenance resources and the cost of the selected RSP. RSP is

the only variable that tactical level management has control over. By selecting different
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combinations of RSP, tactical planners try to achieve required aircraft availability level
with the minimum cost. On the other hand, at the operational level the considerations are
the RSP that has to be deployed in a given time and limited airlift resources. Operational
level planners have control over use of airlift resources, but not over RSP. They aim to
achieve the shipment of RSP along with other assets they are responsible for shipping in
a given time. The main planning jobs they execute are scheduling flights and loading of
the cargo to aircraft.

Upper level planning activities should consider the capacity constraints at the
lower levels at an aggregate level of detail. The main constraint the operational level
management faces is the airlift capacity as intrbduced throughout this thesis. The method
currently used for RSP selection does hot consider an airlift capacity constraint. In order
to find possible constraintQ, we can look at the‘ disaggregated RSP constraints that
operational level planning faces, and seek wayé to use them by aggregating.

Aircraft loading is the m.ain activity at the operational level that directly deals
with RSPs. The way cargo is loaded in-an aircraft affects the aircraft utilization. First,
aircraft being loaded are idle, and use resource needed to lbad other aircraft. Shorter
loading-times increase the aircraft turn around and the cargo carried. Second, proper
cargo packing utilizes space, which increases the amount of cargo carried per flight.

The USAF uses the 463L Pallet system to carry cargo on aircraft. A number of
studies have been done on 463L Pallet loading optimization algorithms, to improve
loading activity. There are many constraints that can affect the packing of the cargo.

Manship and Tilley define major constraints to the packing problem as the length, width,
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and height of each cargo and pallet, weight of the cargo, pallet position in the aircraft,
hazardous cargo, and the priority of the cargo (Manship, 1998).

We need to examine these constraints to determine if and how we can use them in
an upper level planning activity. The first constraint to the pallet-packing problem is the
length, width, and height of each cargo. This information is an attribute of the cargo and
has two forms. One form is volume, which is the product of the three attributes. The
space carrying capacity (cube) and the weight carrying capacity (payload) define the
carrying capability of an aircraft (Bell, 1969). The cube is important information for
aggregate level capacity planniﬁg. By reducing total volume of the RSPs, we can save
some airlift space at the operational level.

The second form of the length, width, and height of the cargo is the cargo’s shape.
The packing problem solution method changes according to cargo’s shape. Assuming all
cargo is rectangular, which is a common packing problem assumption, then the problem
is categorized as the manufacturer’s problem or distributor’s problem according to cargo
shape. The manufacture’s problem deals with identically sized cargo, while the
distributor’s problem deals with different sized cargo. Each category is further divided
into one of two sub-categories either as a two-dimensional or three-dimensional pallet
packing problem, according to the similarity level of the sizes of the cargo (Wesley,
1998). Cargo size similarity makes the packing problem easier.

As aresult, given a particular group of similar cargo then a solution algorithm can
quickly find solutions that increase the transport aircraft space utilization. If it is possible
to define a shape parameter, which gives a desirability level to select each part in a

continuum, then we can use this parameter in the spare parts composition calculations as
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a criterion. For example assume that we have only two sizes of spare parts. We have 10
different types of spare parts of one size while we have only 2 types of the second size.
Therefore our desire to select the first size spare parts to bring should be greater than the
second one because it might be easier to pack. The feasibility of such a measure is not
the subject of this thesis, but considering such an idea might be useful for later studies.
For this research, we will use volume to capture the length, width, and height of the spare
parts.

Another packing problem constraint is the length, width, and height of each pallet.
These parameters define the space carrying capacity of each pallet. Although this
information is available at the operational level, it is not available for spare parts
composition calculations. Yet another pallet constraint is the positions of the pallets in
the aircraft. The pallet position defines the height and weight limit of the pallet.. Like the
pallet size information, the position information of the pallets is unknown during the
spare parts calculation and is beyond the scope of this thesis.

The next constraint is the weight of each spare part. This parameter has a direct
relation with airlift capacity. Peterson (2000) used this parameter as a criterion in spare
parts composition calculations. Recall that an aircraft’s carrying capacity is a function of
its cargo volume capacity (cube) and weight carrying capacity (payload). Efficient
aircraft loads require a trade-off between payload and cube (Bell, 1969:5). For example
we may reach the maximum weight carrying capacity of an aircraft while we fill only
half of its space carrying capacity. Therefore we might use the spare part’s density,
(which includes both weight and the volume information) as an optimization parameter.

But, because density does not consider the overall dimensions of the spare part, it is not
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enough for a spare parts selection algorithm (Bell, 1969:5). For capturing the trade-off
between payload and cube, we need to use spare part weight and the volume separately
but simultaneoﬁsly.

Aircraft type, another constraint to the packing problem, is closely related to the
trade-off issue between payload and cube. Different aircraft have different weight and
space carrying capacities. Some can carry larger volumes of cargo, but with smaller
weight capacity and vice versa. For example the C-5s have'a large space carrying
capacity. Therefore loading a C-5 based on volume is inefficient, since the total cargo
weight we select might exceed the C-5 payload (Bell, 1969). We need to select cargo
that is large and light enough not to exceed the weight limit. This requires us to use both
weight and volume as simultaneous optimization criteria.

During the spare part composition calculations, we may not know which aircraft
will carry the cargo depending on the planning time range. As a result the aircraft type
may not be useful as an optimization criteria for spare parts. But at the same time the
management might have knowledge of the probability of using a specific aircraft. For
example, if C-5s are typically used for a particular deployment, management may want to
base the spare parts computations on C-5s.

Another packing problem constraint is hazardous cargo. Hazardous cargo
considerations have regulated loading methods. For example explosives cannot be
carried on the same aircraft with flammable gases. If there are spare parts that are
included in hazardous cargo class, they can be separated and considered separately. In

this thesis, we will not include the hazardous cargo constraint.
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In conclusion, Budget is an important resource and constraint to the RSP
calculation process. Although cost is important for requirement calculation, there are
situations where other factors should be considered. For example during deployment
operations transportation of the required resources to deployment area is a difficult to
solve. Starting from the first day of the deployment, air units require a considerable
amount of ground support. Despite it being rather limited and expensive, airlift is an
appropriate way to provide the fast transportation the resources need.

After the examination of candidate criteria, we concluded that weight and volume
information, which Peterson, et all., (2000) used in their study, are the best definitive
criteria for air transportable spare parts composition calculations. This research used
cost, weight, and volume criteria together in the RSP calculations.

2. Exploration Of Selected Criteria

Peterson, et al., (2000) studied the effects of different variables for the
optimization problem. They used the cost, weight, and volume criteria in their RSP
calculations.

Using a deployment scenario, they calculated the cost-RSPs for 18 F-15 air
superiority fighters for 30 days. They then replaced the cost data in the item database
with pure weight, pure volume, and some mixture of the cost with weight and volume.
The result of their study is summarized in Table 6 and shows the trade off between these
variables. Some of the mixtures are promising in that they do not significantly increase
cost while significantly decreasing another factor. For example, when they compare
some cube-mostly cost mixture with pure cost optimization, they obtain a 6.87 percent

decrease in total volume while the total cost only increases 0.46 percent (Peterson, 2000).
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Table 6. Comparative Performance Measures across Optimization Methods

Optimized on Total Cost Weight Cube
prim Assets | (Smill) |  (Ibs) @)

Pure Weight 510 17.49 13000 1320
Mostly Weight/ Some cost 515 16.54 13300 1340

Some Weight/ Mostly Cost 535 15.37 14300 1430

.Pure Cost 553 15.19 16000 1610

Some Cube/ Mostly Cost 539 15.26 14900 1510

Mostly Cube/ Some Cost 511 16.76 13000 1320

Pure Cube 485 19.18 13700 1280

(Peterson, 2000)

They concluded that for the small deployment missions the differences appear
unimportant, for the large-scale deployments such as Gulf War the differences are worth
consideration. They also concluded that some mixture of cost and weight or cube should
be used instead of pure factors. They point out that the study was performed only on one
aircraft type and a small-scale deployment model. A further study with different aircraft
types and in large scale may give different results (Peterson, 2000). This thesis is built on
their concept, by showing the effects of different optimization methods from a larger
scale expe