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Preface

I have attempted to develop a means of evaluating the
current methodology for determing the composition of the War
Readiness Spares Kits (WRSKs). The current methodology of
determining the demand rates for the spares in the WRSK uses
fallure data from peacetime utilization. This was done by
taking actual wartime data and regression analysis to
generate demand rates for the spares 1n the WRSK. The
methodology I used shows some promise because the varlable
that 13 currently used to detemine demand rates 1s not the
only vartiable that affects wartime demand rates. Therefore
further investlgation of what variables do affect demand
rates would be benefical 1f a proper data base were
available.

1 want to express my thanks to the Lord for his help and
guildance in the past year and a half of scholastlc endeavour.
[ espectally want to thank my wife Eloise and my son Brilan
for thelr patlents, understanding, and support; and my
daughter Rachelle for her laughter. Lastly, I would like to
exprass my gratitude to Lt Col Rowell, my advisor, and
Mr. Rich Lamb, Mathematictan at the Human Resources

Laboratory, for their help i{n putting this all together.

Cec1l D. Stevens Jr.
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Air Force Loglstlics Command

Base Level Self-Sufficlency Spares
demand rate

expectd NMC ailrcraft

expected parts shortages

fully mission capable

line replaceable unit

Ma jor Command

Multi-Echelon Inventory System
Multi-Echelon Technique for Recoverable Spares
not mission capable

partlally mission capable
standard deviatlon

South East Aslia

spares level

shop replaceable unit

Wartime Maintenance Information and Forecasting
System

War Reserve Materiel
War Readiness Spares Kit
composite WRSK

generated WRSK
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The War Readiness Scares Kit (WRSK)/Base Level
elf-Suffictency Spares Regulrements Computation Systen

[P

s, .3 currently used to compute the Jdemand rates ' IRza3

and spares levels (3L3) for WRSK line replaceable untits
(Lxlis) from peacetime fallures per flying hour. This thesis
applied linear regression analysis on C-130 atrcraft
subsystems data, collected during the South East Asia (SEA)’
conflict to calculated LRU DRs. The results indicated the
reciprocal of flying hours the number of aircraft, and the
reciprocal of average sortie length rather than flylng hours
were better determinants of the C-130 subsystem DRs.

A WRSK was created by apportioning the subsystem DRs to
the LRUs under the subsystems. The D029 marginal analysis
nethodology was applied to refine this WRSK. The final WRSK
(WRSK.), a D029 WRSK, and a WRSK with the DRs from WRSK. and
the SLa of the D029 WRSK were tnput into the Dyna-METRIC
model to evaluate the effect of each WRSK on alrcraft
avallability for a 30 day confllict withou; resupply of
spares. | o - . S e -

Dyna-METRIC output tndicated the DRs in WRSK., were
greater than tho3e in the DO29 WRSK and tne SLs in WRSK.,, were
s.ightly higher than tnhno3e 1n the D029 WRIK. These findings
were 3uspect De2Cau3e the rorm of the data and tne model used
=5 2valuataed the pertormance of the two WRSKs i1mpacted the

resultas. The ZEA rfatlure data were aggregate2d by subsystem:
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ANALYSIS OF SOUTH EAST ASIA MAINTENANCE DATA
TO DEVELOP A METHOD FOR PREDICTING DEMAND

FOR REPARABLE ITEMS

I. Introduction

Background

In order for an ailrcraft to perform 1ts mission all
required systems must be functional (3:14). Required systenms
that are malfunctioning must either be repaired or removed
and replaced for an ailrcraft to remain capable of performing
its mission. Tralned personnel; proper test equipment,
tools, and facilities; and sufficlient spares are needed to
repair or replace broken systems. According to research done
by the McDonnell Douglaes Astronautics Corporation spares
level have a more significant impact on the operational
readiness than manpower and support equlpment; although
support equipment can regenerate spares to keep atrcraft that
are not operationally ready because of support at a low level
(4:19).

Spares levels are a critical factor for insuring an
aircraft’s mission capability: therefore, a War
Readiness Spares Kit (WRSK) i1s vital for determining the
aircraft’s mission capability in combat. WRSK is
an alr transportable package of spares and repair
parts required to sustaln wartime or contingency
operation of a weapon system on a remove and repiace

concept for a specified period of time pending
resupply [4:3,4].
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WRSK composition depends on many factors such as
configuration, tasking, and initial deployed maintenance
capabiliity of the system, but all WRSKs must contain the
specifled minimum quantitles of items to support the Maior
Command’s (MAJCOM’s) mlssion as required in the War
Mobilization Plan document. Maintenance data are used to
determine the items and specific quantities needed.

Peacetime demand data are extrapolated to yield wartime
demand and used to estimate WRSK requirements (6:19),

The WRSK items fall into one of two categories:
consumable and reparable items. Consumable i1tems are those
which fail and are not repailred either because of
excesslive repalr costs or the 1tem cannot be repaired.
Examples of consumable items are gun barrels, tires, fuses,
and windows. Reparable items are items which can be repaired
after they fail. Examples of reparable items are landing
gear, radios, 1lnertial navigation systems, and engines.
Reparable items are elther repaired at the base or depot level
depending on the item’s complexity.

In order for the Alr Force to be capable of fighting
future conflicts 1t must be capable of projecting its force
into areas without pre-established supply and equipment until
resupply 18 accomplished or the conflict ends. To meet this
requirement the Alr Force has developed a concept for keeping

War Reserve Materiel (WRM) on hand in case of the need to
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WRM

loy =0 sucn areas where we have no e3tablish resocurces.

i3

the matar'ali r=aulr2d tn 23ditlon %o fDeac2tine 333273
=5 3upDors oianned wartime activizTies oubtitined in the
Air Force: war and Mostit-anioan Plan (93,

fnera are two nyrnes of #xM: WHSK and Zase Level

Self-JSufrtiztency Spares (3L23)Y.  WHRSK 13 WRM for organtizations

rrat wil:i d20l0y To an area '‘n a2 vicintty of the conflict

and oger s Trom o tnls new Loezatlon., SL235 13 WREM r1or
crevanizations tnat will orcerate in piaze Juring wartime
CLor 7. Thi3 Thasls 2rffort will o on.y loos At WxIK.

75 natatatn tne Level 37 readin2szs n2s2333ry “o me=2t any

zontingenscy., #3S5K adequacy i3 =2valuatsd =2ach year for all on

line w2aopons systems or a WRSK 13 developed for systenms

entering the inventory. Headguarters (HQ) Alr Force

for

for

The

Loglsctos Command CAFLC) has the orimary r=3ponsibtlity for

Force WR5K and BL3S e2valuattion.

HQ AFLC sbtailns data on the worldwlde demands for spares
all Atr Forca weaprons sys3tems. These demands are inouts
the D029 (WRSK/BLSS Requlrements Computation System).

D029 13 uzed yearly to compute the lavel of spares for

e@ach w2apon system contingency listing of a WRSK.

A contingency listing 1s conttgured to support
wartime/contingency activity at the present time, that
13, based on current year WRSK/BLSS authortzationa and
ali-craft conflguration, and the line2 1t=m usage rates

oty ores-anr ey conertenocead L7 Lla 20
. . ! g om ! R Wi OV PR S FRTHE tie
P 5 R ER 3 [T el R

o1 reni1ze Joerattion. No 1ndenture relationsntips are
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; addressed between LRUs and shop replaceable units (SRUs). 'ia
‘i All components are treated as LRUs, but in fact an LRU may S?E
< -
: consist of several SRUs. !ﬂ?
v
. D0O2S uses marginal analysis to compute the level of ;i;
, spares for each WRSK. After the D029 computes the spares is
. level of a WRSK the data are stored in the D040 (WRM f;
S List/Regquirements and Spares Support System) which passes isi
: through the MAJCOMs to the bases and to the DO41 (Recoverable };f
" Item Consumption Requirements System). ft
:5 In the D040 consumable items are added to the list I:?
;a generated by the D029. The DO40 also serves as a hold file

o for all spares and the economic order quantity (EO0OQ) items. .
; EOQ 1tems are calculated at the base level. .

;: The DO41 contailns the demands for all spares by national :
v stock number, not by weapon system, and is the basis for buy —
s listings. :SE
E A buy listing 1s configured to support iﬁé
wartime/contingency activity based on the WRSK/BLSS f’

authorizations, aircraft configurations and line itenm e

i s
- usage rates being projected at the third year forecast e
. period [17:14-42]. g

A buy listing is an estimate of what spares are neeled to P
meet future demands for new weapons systems or currently &K
deployed systems. The buy kits are compared to those 3}»
computed by the D029 after the system 1s operatioral and oo

data are collected on demand rates for spares (13).

& s
L. The WRSK’'s effect on capabtlity is assessed by HQ AFLC o
» e
N with Dyna-METRIC in the Sustainablility Assessment Module of R
; the Weapon System Management Infermation Svstem (16:6). XS
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Dyna-METRIC 1s an analytical model that simulates the movement

o

of spares in a dynamic wartime situation by looking at the
spares stockage levels, the demand for the spares, and the
repalr capabllity for spares at the pase and depot level

(14:8). Dyna-METRIC will be discussed further 1n Chapter I1.

Motivation

The current method used tc determine the demand rate for
spares takes the total number of failures for a particular
part and divides 1t by the total number of flying hours. This
demand rate 1s adjusted to deplct the expected level of
activity that would be encountered in a conflict. The
calculated demand rate 1s multipllied by a wartime adiustment
factor to translate 1t from peacetime to wartime demand. This
method may not be valid for the following reasons: 1t assumes
there 1s a linear relationshlp between wartime activity and
peacetime activity; and the demand for spares depends on
flying hours only.

The linearity assumption poses a potentlal problem.
First, the data used to calculate the demand rates are basei
on peacetime activity. War 1s an unstable and highly dynamic
situatlon and the way alrcraft are used in wartime is likely
to change from the more stable pattern encountered tn

peacetime. If wartime demand is obtained from peacetinme

data, 1t may nct accurateiy ccocnslder how alrcratt are utilized O
tn wartime (7:1,2).
Secondiv, the assumpticr that the Linear reiatlonsnhip éﬁ

retweern, flying nours and demard CoRTletely cartures the cemand

T
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rate for all spares 1s not true. Ac-ording to a Rand recrrt,
this assumption 1s not true for all components. Alrcraf-
enaine fallure rates depend more on the throttie settinas cor
ranges used durina the missicn anc landinag gear tal.ure races
depend more on the number of landings than on tne fligrnt nours
of the aircraft. This demand assumption has resuited in
overestimating wartime demand for cargc atrcraft ccocmpornents
(7:1x%).

Are these discrepancies enough to invalidate the current
method of calculating WRSK or 1s this the best we can do
since we have no data or not enough data toc prove otherwlise.
One possible test to examine the validity of the current
method 1s to take some demand rates derived from wartime data
and comoare the performance of a WRSK derived from peacetime

data to that derived from wartime data.

Problem Statement

Can we more accurately estimate maintenance demand rates
for aircraft reparables during wartime?

The intent of this study is to develop a more realistic
relationship for demand which uses not only flight hours but
other significant variables to determine more accurately the
demand for reparables.

kesearcn Questions. Is the Alr Force method of

computinu demanas based ubon peacetime flyina hours to vredict
wartime requirements rea.sisticy

is there a sianificant differerce hetween rpredictiorns of
wartime requirenents aderived tron peacetine fivinag data and

6
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3&% estimates based on multiple factors derived from combat
::::' experience?
e
"o ) Obtectives
i
::} There are two objectives of this research. The first 1is
ﬁ\é to investigate the varilables affecting maintenance demand for
:ég reparables using data collected in South East Asia (SEA).
i.: The second obilective 18 to investigate the effect on
" C-130 availability in a warime scenario of using a WRSK
f§¥ created by the D029 versus one developed using the demand
zai derived from wartime data.
" W
:§: Summary
:?ﬁ The Air Force needs the capability to fight conflicts
Ll for a sustained period before our support can be provided to
i; the combatants. To do this, weapon systems must have enough
;3% spares avallable to sustain them until the organization can
:j{ be resupplied. The WRM concept was developed to this end.
fﬁﬁ WRSK, a subset of WRM, was designed to keep deployed weapons
,E systems operational in wartime until resupply can occur.
il? HQ AFLC 1s the responsible for WRSK derivation and
_?2 evaluation in the Air Force. WRSK 18 calculated in the D029
%g and passed through the MAJCOMs to the using bases. Inputs for
V- WRSK computation are obtained from worldwide faillures of the
:mt items and expert observations of the using community through
a\i yearly WERSK reviews.
e

The WRSK’s demand rates are calculated by dividing the

total number of fatliures by the total number of flyina hours

-----------
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The purpose of this literature review 1s to evaluate the
current models which examine spares levels for weapons
systems. ] will provide a brief description of what the model
does and the model’s assumptions. Then all models will be
evaluated for thelr applicability to the proposed research.
The most appropriate model will be used tn this research to
compare a WRSK generated by the D029 using peacetime data and

a WRSK generated using wartime data.

Models
The following models have been used to evaluate WRSK
requirements or to measure the effect of WRSK on aircraft
availability:
1. Multi-Echelon Technique for Recoverable Items
Control (METRIC).

2. Dynamic Multi-Echelon Technique for Recoverable
ltems Control (Dyna-METRIC).

3. Weapon System Spares Support Model.

4, Low-density Equipment Algorithm.

S. Analytlcal Methodology for Predicting Repair Time
Distributions.

v b y

6. Multi-Echelon Inventory System (MEIS). i

. .{.l

METRIC. The Multi-Echelon Technique for Recaverable 3}a

ST

: Items Control (HETRIC) model, developed by Close and Giilen RN
~.':\.':\

irn 1969, 1s an analytic model which determines optimal stock a

; levels for reparable ttems for a system with a maximum of 20 };\
: ~.\~:\~
‘ R
Pty

9 .‘lﬁ.‘.




bases and
number of
(2:471).
solution:
greatest

model ter
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} depot. METRIC does this by minimizing the total ok
days all 1tems are backordered at all bases Ay

METRIC uses a marginal approach to find an opttmal

L
“ S

48

sk

it adds that unit of stock which causes the }:ﬁ
RN

decrease in expected backorders to the system. The hﬁ;
W5

T

minates when the user input cost constraint is

exceeded or the expected number of backorders 1is minimized ;ﬁ&
(2:476). RO
W
METRIC assumes the following: }f&
h.':'\-.:"
1. Demand for each item is logarithmic Poisson and bﬁj
stationary over each demand period. gﬁx
2. The decislon to repailr at base or depot level 1is g
based on the complexity of the component. T
3. Base resupply 1s not allowed. k
4. All components are repairable either at base or :,
depot level.
S. Repairable items do not have the same priority.
6. The depot does not batch items for repair.
7. The demand rate of bases for the same item can be
combined to form a composite demand for the itenm
(2:472).
Dyna—-METRIC. Dyna-METRIC 1s an analytic model,

developed by Rand Corporation, that predicts the effect of

the logis
perform t
Dyna-METR
AFLC to a
operation
forecasts

for a war

tic support process on flying units’ capabilitties to

heir mission in a dynamic wartime environment.
IC 1s a modification of METRIC. It 1s used by HQ
ssess the capabllity of WRSKs to support war

s. Dyna-METRIC takes aircraft components and

the amount of each component 1in repair and resupply

time scenario. It 1s usually run for a 30-day

10
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scenario. Dyna-METRIC has the capability to forecast
component pipelines, estimate ailrcraft avatlability and
numnber of sorties, identify problem parts and suggest cost-
effective stock purchases (14:8).

Dyna-METRIC assumes the following:

1. Poisson demand distribution for repailr process 1if
mean to variance ratio i1s 1.00, negative binomial
i1f 1t 1s greater than 1.00, and binomtal 1f it 1is
less than 1.00.

2. Fallures are not correlated.

3. The repair process time of an item 1s constant
regardless of the number of falled items in the

system (14:25,26).

Weapon System Spares Model. The Weapon System Spares

model was developed primarily to obtain fast and inexpensive
best estimates of how long a conflict can be sustained with a
given level of nonconsumable spares. The model was created
by Folkerson in 1981. The model estimates the number of days
of spares support using the following linear regression
equation:
y = X + Fx(n)

where

y = the total days of spares support

o = the number of war days spares support avallable
from war reserves material

x = the number of planned days of contingency
operation

n = the inherent variability due to degradation of
actual peacetime support

F = Fp/Fw; the proportion of progranmed flying hours
in a standard peacetime day to the number of
programmed flylng hours in a planned war day
(8:1,2).
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The spares availlable for the conflict are the war reserve
materiel (8:2).

Low~-density Equipment Algorithrm. The Low-density

Equiprnent Algorithm was developed by Pankonin in 1982 to
predict the availability of a weapon system given a specific
spares inventory level (12:1,2). The computer algorithm uses
a marginal assessment approach to determine the effect of
increasing inventory items on system avallability. The
algorithm deals only with high-reltabi1lity, low demand itenms
that possess the followlng characteristics:

1. Each base supports one end-item and that end-itenm
has no bullt-in redundancy.

2. All ttems are equally essential and mission
critical.
3. Item demands are independent, with a usage rate at

each base of one or less per year (12:99,93).
The inputs required for this algorithme are the yearly demand
for each 1tem, the ratilo of failed items to items reparable
at base level, the repair cycle time, and the order shipplng
time (12:46).
The Low-density Equipment Algorithm assumes thg
following:

1. There is no base repair capability; all fatllures
result in a demand on the depot.

2. The 1tem 13 authorized one unit of base stock; the
depot always has stock on hand.

(€Y}

The demand for each 1tem 1s Polsson distributed
and varies between one and five units per vyear
(12:58).

Araiytical Methodology. The Analytical Methodolooy was

developed by Dietz 1n 1985. The Analytical Methodology
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L N

examines the effects of aircraft reliability and

maintainabllity on avallability and sortie generation

lﬁi capability in advanced technology (high reltiability) aircraft
:;: ' (5:6-1). First, subsystem repair time distributions are
~a
} obtained by analytically combining each alrcraft’s subsystem
ol reliability and maintainabllity characteristics (5:x).
,-:_'
«ﬁj: Second, an aggregate repalr time distribution is formulated
R as a probabilistic mixture of all the subsystem repair time
Gﬁ{ distributions (5:8-1).
}ﬁ‘ The movement of the aircraft from four states (flying a
’i; sortie, being turned, being repalred, and awaiting launch) 1is
b £
< modeled as a continuous flow (5:6-3).
P The Analytical Methodology assumes the following
L
) conditions exist:
1. The probability of fallure of any aircraft -
Y subsystem 1s not affected by other subsystem ‘ﬁ
AN fatlures. -]
e N
- - 4
:) 2. The time between fallures of each subsystenm 1is ~ N
" exponentially distributed.
S 7]
”i; 3. Only one subsystem failure occurs before aircraft :?
o repalr 1s Ilnitilated (5:8-1). .
o :
: F MEIS. MEIS was a research effort produced by Miller 1in ;;
:fﬁ 1985. MEIS 1s a simulation developed primarily as a tool to -]
"..:.:-
“QE investigate the effects of different logistic alternatives on
o

T oja . . e

5
) LH":J".‘-A‘.‘

a system consisting of three bases and one centralized repair

" . fac1lity (depot). Two of the bases are operational: one 1is
-":'f
S0k located in the continental United States (CONUS) and the
e

other 1s located overseas. The third base 1s a traininag base
j: in the CONUS. All aircraft on the bases possess only two
N
5:"- ‘_; l 3
e
.r.:'.
Y
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components (A and B). Component A 1s repairable at the base,
as well as, at the depot and component B 1s only repairable at
the depot (10:31,32).

MEIS's measures of effectiveness are as foliows:

1. Percent of flights flown - total number of flights
flown divided by the total number of flights
planned for 365 days.

2. Base supply stockage effectiveness - percent of
requisitions filled by supply immediately through
base spare stock.

3. Mean backorder days - average number of days a
grounded alrcraft waits for spares from the
supply system.

4., Mean units awaiting depot repair - average number
of reparables awalting entry to depot repair
shop.

5. Worker utilization at depot - fraction of the time
depot workers are busy (10:54).

Inapplicable Models. All models were evaluated for

their usefulness for determining alrcraft (C-130) avallability
in a wartime scenario given the current D0OZ9 WRSK levels. All
models except Dyna-METRIC were judged inappropriate to
accomplish the task.

The METRIC model will not be useful for determining
aircraft avallability since 1t was developed to design an
optimal WRSK given a monetary constraint or a required
minimum alrcraft avallability. The model chosen must be
capable of predicting alrcraft avatlability glven the current
WRSK levels.

The Weapon System Support Model 1s not =sutlted for the

propcses analysis because {t does not measure alrcraft

14
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sulted for the ana:vsis. The time frame for the simulation
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avallability, but calculates the number of days war reserves
materlal will provide for a wartime scenario.

The Low-density Equipment Algorithm 1s inappropriate

because 1t does not work for alrcraft ltems with demands
greater than one to five per year. Such low demands are not
litkely for the level of aircraft utilization that will be
experienced in a wartime scenarlo. Also, contrary to the
algorithm’s assumptions, all demands will be met by the base
supply (WRSK) untill spares are exhausted. The current
concept of WRSK is predicated around this idea.

The Analytical Methodology 1s also inappropriate because
it 1s designed for aircraft with very high subsysten
relilability, such as the advanced technology aircraft. The
C-130 1s not an advanced technology ailrcraft. In addition to
high reliability, the failure of one C-130 subsystem before
another 1s repalired may be acceptable in wartinme.

The Multi-Echelon Inventory System s not appropriate 1in
its present formulation as a solution tool because the number
of spares 1s limited to two and the time period used in the
simulation 1s 365 days. The number of items in the C-130
WRSK 18 over 100 and the use of two will not accurately
portray the entire C-130 maintalnability. The period of time
the WRSK 1s expected to be critical 1s the first 30 days of a
war, that 1s, before pipelines can be set up to provide
spares and equipment to the forward units.

Applicable Models. The remaining modei, Dyna~-METRIC, 1Is
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- is 30 days and one of the model’s outputs 1s aircraft

& avatlability over this period of time.

The limitations of Dyna-METRIC are as follows:

1. Repair procedures and rroductivity are unlimited
and stationary unless repalr capacity 1s

explicitly stated.

2. Forecast sortie rates do not directly reflect
flight-line resources and the employment plan.

.in‘ v". ,'l-".‘.. . ’.-:' : L

3. Component fatlure rates depend only on aircraft
flying hours.
4. All aircraft on a base are identical. 7o
5. No items are repaired before the testing 1is ﬁi
fintished. :5
.
6. The number of full mission capable aircraft does »

not affect the component fallure rates.

7. All echelons’ component repair processes are the
same (l4:vifi).

Relevant Limitations. The assumption that the

component failure rate depends only on alrcraft flying hours
1s a significant factor in the problem at hand, since 1 will
examine its validity for predicting demand rates. The
assumption that demand depends only on flying hours 1s not
valid for all alrcraft 1tems; tire demand depends on the
number of landings more than on flying hours. There

currently 18 no way to eliminate this problem because it 1s

an assunmption that {s the cornerstone of all models. I will
Fv allow for this assumption and use the following plan to work
;C around thies problem. If the demand for an item 13 not
-
" close.y reiated to the number of flying hours the unit’'s
g
!! deman? w!l. be coverted to "fiyino-hour equivalents' by
o
F: takinag tne average demand per scortie and averaae sortle
h..‘
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length. This may not be a significant problem i1f the
characteristic of the particular wartime scenario are knowrn
in advance. 1f the demand rate changes over the period of
the scenaric, 1t is possibie to run the model with the
initial demand and then run the second period with the new
demand rate (14:34).

Other Limitations. Unconstrained consumption and

statlonary repalr procedures imply there is no change in the
repalr cycle time of a component when there are more broken
components 1in the system. No change occurs because 1t 1is
assumed there are ample repair resources to achieve a user
specifled repair cycle time. Ample repair resources are
allowed unless the user specifies a constraint for some of
the components (14:32). This consumption assumption may not
be valid in a situation when the demand for components and
resources is very dynamic, such as a war, but i1s not a
limitation in the problem considered since WRSK 1s designed
on a remove and replace basis: repair i1s not considered in
WRSK development.

The sortle rate of fully mission capable (FMC)
aircraft 1s not constrained by flight-line rescurces or
operational plan because Dyna-METRIC assumes the average FMC
atrcraft can complete a given number of sortles per day. This
assumption may not be valid if flight-line resources are not

avallabie to turn alrcraft in time or operatlional plans call

17
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ror using the avallable alrcraft in ways that preclude
efficient use of those flight-line resocurces (by massing
atrcraft sorties, for example) (14:33). A method to work
around this problem 13 to use another model to determine the
maximum number of sorties sustainable with the given flight-
line constraints and operational plan (14:34). This will not
be a factor in the analysis planned.

Considering all atrcraft identical Chaving the sanme
components) 138 valid for the proposed problem since the C-130
is the only aircraft being considered. The occurrence of
repalr decision and action after testing is complete follows
from the model’s use of the average repalr time as the sole
measure of the complete repailr process. The repalr process
consists of a diagnostic perlod and a physical repailr period.
The dlagnostic period 1s assumed to be considerably longer
than the repair period. [f the repatir period is longer than
the diagnostic perlod, the number of alrcraft awalting parts
13 overestimated. To compensate for thils overestimation each
component and 1ts subcomponents can be treated i1ndependently,
since finding the failed subcomponent happens approximately
tne same time as discovering the falled component (14:36,37).

Dyna-METRIC does not adiust component fallure rates to
reflect previous fallures because 1t assumes some partially
mi3sion capable (PMC) aircratt will be used to fly mlsstons
1{ FMC atrcraft are not avatiable. [he user input sortle
rates are theretore used to compute faitlures. [f few PMC

1lrcrats are avatlable to meet sortlile demand., the model will

18
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tnittally overestimate sorties and capablility. This problenm
can be handled by iterattively feading back the number of FNC
alrcrart sorties as the user input sortie rates (14:38).

The assumption tnat all echelons’ repalr tlmes were
23uali wag designed to handle a centralized off-pase repatr
factlity for those items not repalrable at the base. This
final limitation can be eliminated since no repair will be at
the base level. No repair will be done at the base level
because WRSK 1s designed primarily on a remove and replace

basis.

Summary

The Dyna-METRIC model 1s the best suited for the task to
be undertaken. Its limitations can be overcome or are
tnapplicable to this research problem. The Multi-Echelon
Inventory System could be applicable to the problem 1f its
time frame were changed from 365 days to 30 days and the
number of 1tems in the WRSK were tncreased from two items to
the number of i1tems 1n a conventional C-130 WRSK. The
Low-density Equipment Algorithm, METRIC, Weapon Systenm
Support Model, and the Analytical Methodology are all not
approoriate t£o answer the research problem posed. The
Low~-density Equipment Algorithm does not work for alrcraft
t“ems with demands greater than one to flive per year: METRIC
destans ootimal WoIlK glven a monetary constratnt or a
reguired minimum atreraft avatlability; the Weapon Systaen
support Model walcsulates the number of dayvs war reserves

ma<ertai wili provide for a wartime scenarlo: and the
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Analytt-al Metnodology 1s designed for alrcraft with very
nigh 3upsystem reitapility, such ag the advanced technology

atrcraft.
Now that a model has been chosen to evaludte the

performance of a3 W3RK a methodology must aiso be developed to
first derive the demand rates from the 3SEA data and then
agenerate a WRSK from these demand rates. The methodology

used to accomplish this task ta discussed in the next chapter.

as wall as, an explanation of the data and 1ts origin. .
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I11. Research Methodology

Introduction

This chapter detalls the date and methodoloay used in
this research effort. The first topic discussed will be the
data’s origin and format. This wiil be followed by an
explanation of the methodology used to derive the demand
rates (DRs) for each WUC and the methodology used toc generate

a WRSK.

Data

In 1986 the AF Human Resource Laboratory received
maintenance data collected in SEA from the Boelng Aerospace
Company. Boeing obtained the data from historic AFR 66-1
maintenance tapes collected by AF maintenance personnel from
1965 until 1975, but the data are not avallable for this
entire period (see Appendix A). The data were purchased fronm
the Boeing Aerospace Company, since the Air Force does not
keep more than five continuous years of maintenance data on
its alrcraft (19:12).

The data were broken down into malntenance action,
operations activities, geographic features, and climatic
factors (1.e. temperature, humidity, presence of weather

phenomena that will affect launch o mission, etc.), by
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aircraft type anc by base on a monthly basis. The data are el
agurecated by subsystem not LRU/SkiUs (see Table I). S
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that derand

The SEA maintenance data may be used to develop a

requirements through statistical modelling.

methodology for accurately predicting wartime spares

is highly correlated only with the number of

Past efforts to

model wartime spares requirement have relied on the hypothesis

-
]
Al
Append!x A contalns an example of the data format. The focus ]
of this study was the C-130 atircraft data collected in :
£
Viet Nam. R
Table 1 0
Subsystems in SEA Study T
System Number Subsysten S‘
o
11 Airframe 2
12 Interior Fittings "
13 Landing Gear &
14 Flight Controls ;
22 Turboprop Power "
23 Propulsion* )
24 Auxillary Power -
32 Hydraulic Prop r
41 Environmental Control '
42 Electric Power
44 Lighting*
45 Hydraulics
46 Fuel
47 Oxygen
49 Miscellanecus .
51 Instruments -
52 Autopllot -
61 HF Communications -
62 VHF Communications .
63 UHF Communications o
64 Interphone Communications
65 IFF/SIF -
66 Emergency Communications >
69 Miscellaneous Communications -
71 Radio Navigation
72 Radar Navigation
*no data were collected on these subsystems .




flying hours and were based upon extrapolation of wartime DRs
from exercises or peacetime DRKs. o
The data can be analyzed with a stepwise linear

regression package using BMDP procedures called by the

Wartime Maintenance Information and Forecasting Systemn gid
(WARMIFS) (9:11). WARMIFS was developed by the Boeing ;gﬁ

e
Aerospace Company. A drawback of the regression package is %E%
it only does linear regression. Neither the non-linear :5}

regression nor transformations can be used with the WARMIFS
regression package. The stepwise approach that was used in
the WARMIFS regression model will be used to derive the

demand rates for each subsystem and LRU in the WRSK.

Demand Derilvation

The approach used to dertve the DRs was that of
regression analysis. The failures for each subsystem were
the dependent variable while the average sortie length,
number of sorties, number of landings, and total sortie
length were the independent variables. The aptness of the
model was checked by looking at plots of the residuals versus
all varlables and the normality of the residuals were
verified with normality plots of the residuals versus the
predicted values of the regression model. The '"SAS"
statistical package was used to perform a multiple linear

test on the data with the 'proc reo'" procedure. "Froc reg"
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uses the method of least squares to find the linear model

that best fits the data. The linear model was of the form
Yy = B + Bix, + Boxs 4+ . 0 . 4+ BoiXe—

where

y = the dependent variables

x. = the independent vartiables

B, = the coefficlents of the linear regression model
The full model F-statistic value was compared it to the
critical value for the given model at a level of significance
of 95 percent. The critical value is F(1-0{p-1,n-p) where
1-&¢/1s the level of significance, p is the number of
varlables 1n the model (dependent and independent), and n 1is
the sample size.

The null hypothesis was that all Bi’s equal zero and the

alternate hypothesis was that not all B.’s equal to zero:

Heeio Ba= Bo= o ¢ . = By = 0 (null hypothesis)

He: not all B8, = O (alternate hypothesis)

If the critical value 1s less than the F-statistic value
then the alternate hypothesis cannot be rejected at the given
level of significance.

The plots of each independent varilable against fallures
were examined to see 1f any common non-linear functions
(i.e., logarithmic, exponential, quadratic,etc.) could be
applied to the independent varlable to make the plots more

linear. Transformations were applied to those variables
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:;: which appeared transformable and examined the value of the ;§
2; coefficient of determination (r?) value to see iIf the r- of i;
" the transformed variable was greater than that of the %ﬁ
Ezg original variable. The coefficlent of determination is a ii
k-~ a0
A\? measure of how well the variation in the dependent variable ;j
:!, 1s associated with the independent varitables (9:97). The g?
xi values of r~ range from zero to 1; the closer r® i1s to one ;3
:;; the greater the linear association between the independent ;3
Lﬂ variables and the dependent variable (9:97). ;%
ié Again regression analysls was performed on the new ig
:i (transformed) models using the ‘proc stepwise'' procedure. i{
N ""Proc stepwise' uses the F-statistic’s value to add and remove g;
;%ﬁ variables from the model to achieve the model that best 2%
':i represents the data. This 1s done by checking if the reduced 35
o model’s F-statistic value 1s greater than its critical value.

'&i For example, 1f ''proc stepwise' has already selected three out ig
.;Q of four vartables to include 1n a model it then would examine ;i
J ™
o the model fit 1f the fourth variable (Z) were added. ‘'Proc -
gi stepwise' would test the hypothesis that the model omitting 2 ii
5; is better than the model including Z given the other three :;
’ff variables were already in the model. Any variables left in f?
EEE the final model have Bi’s not equal to zero. The variables j;
:2 that were significant with "proc stepwise' were used to f;
;fﬁ calculate the DRs for that subsystem unless they contained ??
’:i dependert variables. i;
'fﬁ Prior to using these models to calculate the DRs the é;
;? correlation matrix was examined to determine 1f all the ?:
o !~
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tndependent variables were independent of each other. The }Ej
variables were dependent if the value of the correlation 523
coefficlent is close to one. The correlation coefficient EEE
ranges from zero to one and All models containing dependent ggi
i

independent variables in it were further investigated to
determine which variable to delete from the model. The
F-statistic values of the regression models with each of the
dependent vartiables in it were calculated using the 'proc
reg’ procedure. The model with the largest F-statistic value

was used to calculate the DR for that subsysten.

WRSK Generation

Because the Boeing data were broken down by subsystenr

not by LRU, a method to transform the subsystem DRs to LRU

s
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DRs. The demand for each LRU was based on the DR derived for

iyt
.
[

tts subsystem and the percent of the ttem in the C-130 WRSK fiﬁ
(kit serial number OC130E0Q1600) obtained from HQ AFLC. For Eii
<
example, assume there are two LRUs (A and B) in a WRSK ;4¢
assoclated with subsystem X and the quantity of A and B in &}i
e
the WRSK are three and one, respectively. If the DR for ';ES
ey

subsystem X is 40 per flying hour, then the DR for A 1s 30 per

14
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flying hour (40 x 3/4) and the DR for B 1s 10 per flying hour tix'
(40 x 1/4). This type of calculation was done to determine fgﬁ
the DR for each LRU in the D029 WRSK. The LRU DK was then 2;;
rounded to the nearest integer to determine the number of ggi
items to put in my WRSK. The rounded DE, less any avatllable iﬁ&
asset from maintenance for the support period., will be the iﬁg

conventlonal WRSK. No assets are assumed avallable from e
:ﬂ
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maintenance therefore the rounded DR value was the spare level
in the conventional kit.

A marginal analysis was then done on the conventional
WHSK. Marginal analysis 1s an {terative process that
evaluates how both the expected parts shortages (E(SDO)) and
the expected number of not mission capable alrcraft (ECNMC)D
are reduced for each dollar spent for an additional spare.
The goals for E(SDO) and E(NMC) were specified in the WRSK as
0.00 and 2.67, respectively. The marginal analysis was
accomplished with a Pascal program (Appendix D) which
iteratively added the items to the original kit which provide
the greatest reduction of a combination of E(SDO) and E(NMC)
aircraft for the dollar spent until the E(SDO) and ECNMC)
goals were met. DO29 does not use a budgetary constraint for
this portion of the analysis.

The D029 assumed all demands follow a Potisson
distribution and depend on atrcraft flying hours: the DR
computed by dividing total fallures by total flying hours.
But the DR calculated in this research effort are based on
regression equations and consider the number of flying hours
required for the gitven scenario. The use of flying hour
equivalents 1s necessary because demands are input into
Dyna-METRIC as demands per flying hours. The number of flying
hours used are the projected utilization sorties upcn which

the D029 WKSK was bullt (1).

27

e S IR e 8 e P P
. \ S _ ™ .."@’,',_-. _'r. ,-.. . ‘;‘./-' AR



i et et S A A S e A e b il Al iie aie g r,ff'.TwrvwvvvmmW
.

aTn AT e W

AN Pl ™ -."y"ﬂ--'._- D R T '._' LT e “-_"' o T T . e e BRSNS .~
) . ’ _,. RN R I R - e e R A Ea e TR IRt S DI o
M, k d R AT AR AR

The performance of the WRSK generated using the margtnal
analysis program was compared against the WKSK created by

D029 using peacetime demand data extrapoclated to wartime.

Compartison
The two WRSKs calculated by the D029 and by the above

methodology will be assessed with Dyna-METRIC. Both WSRKs

were were input into Dyna-METRIC and ran using a scenario
that does not favor etther WRSK. The Dyna-METRIC model was
run in the full cannibalization mode for this analysis. The
avallablity of the C-130 will be compared as well as the
ttems in the WRSK that may impact aircraft avatlability
significantly.

Scenario. Forward bases are resupplied by a fleet of 16
C-130s from one base. The C-130s use only WRSK spares for
the entire conflict (30 days). The C-130 will fly out to a
forward base and back to main base (sortie) with an average
sortle length of two hours. This may not be similar to the
mission the C-130s currently fly, because they were used as
TAC resources in Viet Nam and may not be used by MAC in this
method in future wars. The general combat environment was
assumed comparable to the level of combat in SEA from 1965 to
1975, but updated to portray present operational, logistical,
and technologicai conditions (9:19). No adjustment factor
was use< to translate C-13U performance to current time since
the C-130 ts still tn service. No spares for the C-130s will

pe flown in during the conflict. The alrcraft will fliy a

. . e S S T L S SN N RUR L P NP A S o
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N DVIRCR TN CF X AL PERC N A ¢



total of 64 hours per day for the entire conflict. This

scenario was reviewed by HQ AFLC/AT (Assessment). AN
Summary S

Data describing fatlures of items by subsystem were :?ﬂ
collected by the Boeing Aerospace Company from SEA and put .7F
into a data base. The purpose of this data base was to

investigate the relationship between fatlures and other

factors such as weather, flying hours, sortie rates, number

of landings, etc. Linear regression analysis was performed
on the data pertaining to the C-130 aircraft to determine jﬁi
what factors other than flying hours had a stgnificant tmpact :
on DRs. The significant varlables of this analysis were used :
to derive the DR for each ailrcraft subsystem. The DR for the --:
subsystems were apportioned to the LRUs 1n each subsystem to ‘ﬁ:f
calculate the DR of each LRU. These LRU DRs were used to Eﬁg
AR
stock a conventional WRSK with spares levels equal to the 3;?

monthiy DKk for each LRU rounded to the nearest integer.
Marginal analysis was performed on the conventional WRSK to

find out which itens decre@sed the EC(SDO) and ECNMC) aircraft

to meet predetermined E(CSDO) and E(NMC) goals. This WRSK was e
compared with a D029 WRSK using the Dyna-METRIC model. &
common scenario was used for 1nput into Dyna-METRIC to compare
*ne twce WRSKs. Chapter IV contains a discussion of the

resu.ts cof the regressicn analysis and compariscn of the two

WESKs.
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The results of the regressiocn analyslis, the marginal

anaiysis., and Dyna-METRIC runs are discussed in this chapter.

ST e YL L,
I

First, the final regression models obtained from the ‘"proc .ﬁf

stepwise' procedure are described as well as pertinent EﬂF
; statistical data on all models. Second, the results of the iﬁ;
' marginal analysis performed on the WSRK generated from the f#‘
g regression analysis are ldentified. Filnally the output from ié?
é the Dyna-METRIC runs is discussed. ; :
t! [ ~
. Regression Analysis ii
: Intttally all bases in Viet Nam that had data avatilable i;{
d were used 1n the regression analysis. This resulted 1n 33 f?\
! data poirts from 3 bases (Tan Son Nhut, Cam Ranh Bay, and 5?3
EE Da Nang) collected in 1971 and 1972. The F-statistic values E%;
; for all models were greater than the critical value but the R= Eﬁy
—

values (r“ for multiple regression) indicated that the
variation in the number of fallures was due more to the error

term than to the independent varlables used in the models.

Instead of attempting to improve these models by

transforming the vartables, I examined the effect of the base

.
v

USRI B 1 SR

and year the data were collected on the model by analysis of
variance using the "proc glmn'" procedure. The ocutput from R
':\-:

. “"proc aln' indicated the base had a significant effect on the ":f
.- -‘. -‘
o model’'s predictive capablilty. When the means of the number AR
4 ot fal.ures Ly bDase were compared uslinag a statisticali test for RN
L] S
R 30
I..'
¢ b o
— 4';"
-~ L
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33 the equlivalence of the means (Scheffe test), the means were
5
3 not egqual. The values 1n the correlation matrix also showed
tne number 2f landlngs, number of sortles, flying hours, and

X numb2r oSf alrcratt ware Jdependent on =2ach otner 322 Table
i LL.
< Table 11
5' Correlation Matrix (3 Base Model)
'c
) Time Sort Sorst Land Planes
2. Time 1.00 | -0.18 .21 | -0.18 | -0.04
., |
5 Sort 1.00 -0.91 | .00 0.81
? Sortt 1.00 0.91 0.80
4
-, Land 1.00 0.80
i\ Planes 1.00
. Key: Time = average sortie length (sortt/sort)
‘ Sort = number of sorties
4 Sortt = total flying hours
R Land = number of landings
'x Planes = number of aircraft
'..
< To negate the pase affect the data from two bases were
o
j deleted from the sample data. The regression analysis was
I!‘
' completed with the remalning base (Tan Son Nhut). Table [II
2]
b shows the initlal F-statliatlc values obtained for each
; subsystem using this base. All regression analysls was done
A
! with = 7.35. The critical value for each model was

3l

A VR T e Al .
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Table 111

Inttlal Subsystem F-statistic Values

T RS TN

SRR 3 M
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1)

Subsystenm F-statistic *
Airframe 17.00
Interior Fittings 6.72
Landing Gear 11.85
Flight Controls 12.60
Turboprop Power 12.55
Auxillary Power 8.73
Hydraulic Prop 13.97
Environmental Control 7.59
Electric Power 5.74
Hydraulics 8.85
Fuel 16.44
Oxygen 8.64
Miscellaneous 7.98
Instruments 14.23
Autopilot 14.94
HF Communications 3.67
VHF Communications 5.29
UHF Communications 6.85
Interphone Communications 17.98
IFF/SIF 3.02
Emergency Communications 2.87
Miscellaneous Communications G.07
Radio Navigation 11.56
Radar Navigation 19.21

* the critical value for all subsystem models was 2.93
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The initial single base regression model had five
independent varjables: flying hours, sortles, average sortile
length, aircraft, and landings. All subsystem linear models
had F-statistic values that were greater than the critical
value except for Emergency Equipment, Miscellaneous
Communications, and HF Communications subsystems. The low
R s of these models also indicated most of the estimation of
fallures was in the error term and not in the model varlables.

The plots of the fallures versus the independent variable

showec potential transformations for the independent vartiable
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B; were the locgarithm, the square root or the reciprocal. The r-
vaiue of the transformed independent variables were compared
to that of the nontransformed independent variable. 1f a
transforrnec variable had a greater r- value than the
nontransformed varlable i1t replaced the nontransformed
variable in the regression model. In all instances the
reciproca. of the number of flight hours and the reciprocal of
the average sortie length had greater r* wvalues than the

number of flight hours and the average sortie length

1.‘_11 'la'

o
& Ip Te 'y

respectively.

2%
v
L
LS
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The models with the transformed variables were run again

using the ''proc stepwise' procedure. The models used to
calculate the demand rates are listed in Appendix B. The o
variables present in a majority of the models used were the }?
reciprocal of the number of flight hours, the number of :}

alrcraft, and the reciprocal of the average sortie length.

The number of landings was only significant in the Landing
Gear subsystem model. All models failed to reject the
alternate hypothesis (not all B:i’s equal zero) except the
Miscellaneous Communications subsysten.

The values 1n the correlation matrix indicated there was
a very high correlation (dependence) between the number of

sortles and the number of landings (see Table IV). This

’b result was expected since cargo ailrcraft typically takeoff

3

" R . - R

Lo and iand cnce per sortie. Therefore any rearession mecdels In
2

n' . .

T whicn ooty iancdinos and sortles were present had to be




N
investligated furtner to eliminate the least significant
vartable.
Table [V
Correlation Matrix (1l Base Model)
T2 Sort 52 Land Planes
T2 1.00 U.al 0.238 C.42 0.45
sort 1.00 -U.71 1.300 D.03
52 1.00 -0.71 -0.26
Land 1.00 J. 67
Planes 1.00
Key: T2 = 1/Caverage 3ortie length)
Sort = number of sortiles
S2 = 1/(Ctotal flying hours)
Land = number of landings
Planes = number of alrcratt
Table V depicts the F-statistlc and assoctated critical
value tor each subsystem as well as the R- value and
subsystem demand rate calculated from the linear regression
model equations. All regression models had F-statistic values
greater than the corresponding critlical value except the
model of the Miscellaneous Communications subsystem. This
impllies the null hypothestis (all B.’s are equal to zero)
cannot be reiected for this subsystems. The mean number of
tatlures were used as an =23timate of the demand rate tor tne
MUt e o T it st oona 3ub3vaton,
34
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Table V

Final Model

|
|

AR
'S

Critical R

Subsvestenm F-statistic value R~ e
Airfrane 45.64 3.49 0.82 S
Interior Fittings 25.15 3.49 0.75 ey
Landing Gear 26.66 3.13 0.81 ]
Flight Controls 19.74 3.49 0.66 e
Turboprop Power 68 .56 3.13 0.92 iy
Auxillary Power 30.73 3.49 .75 i
Hydraulic Prop 46 .40 3.13 0.88 L
Environmental Control 12.57 3.49 0.56 s
Electric Power 14.79 3.49 0.60 B
Hydraulics 31.23 3.49 0.76 e
Fuel 44.70 3.49 0.82 sl
Oxygen 25.77 3.49 0.72 NOSS
Miscellaneous 19.42 3.49 0.66 e
Instruments 56.33 3.13 0.90 ~Te
Autopilot 51.69 3.49 0.84 E
HF Communications 9.24 3.49 0.48 ,}3
VHF Communications 13.19 3.49 0.57 e
UHF Communications 9.45 3.49 0.49 el
Interphone Communications 25.31 3.49 0.72 RS
IFF/SIF 14.00 4,33 0.40 L n
Emergency Communications 6.62 3.49 0.40 .
Miscellaneous Communications* 0.07 2.93 0.04 R
Radio Navigation 28.00 3.49 0.74 e
Radar Navigation 66.95 3.13 0.91 T
*fatled to reject the null hypothesis (all B.’s equal zero) ;;f
The subsystem demand rates were apportioned to the LRU’s 'Ef
under each subsystem to derive the LRU demand rates. A f}ﬁ
conventional WRSK was created by rounding the LRU demand rates !35
to the nearest integer. The subsystem demand rates calculated 'fﬁ
from the regression eguations, for the Airframe and Interior &%
Fittings subsystems were deemed unrealistic because they were !;%
nuch areater thanr those 1n the D0Z9 WRSK and due to the nature t%ﬁ:
of the subsystems 1t 1s not possible for the demand rates or E;ﬂ
(SRt

spares levels to be that hign for the few LRUs under these !25
subsystems. The demand rates and spares levels in the L029 ﬁﬁ;
oS

35 e
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WRSK were used instead of the generated demand rates and
spares levels. Appendix C contains the subsystem and LRU DRs
for the conventional WRSK.

Marainal analysis was performed on this WRSK to achieve
predetermined goals for expected shortages (E(SDO)) and not

mission capable CECNMC)) aircraft.

Marginal Analysis Results

The initial run of the marginal analysis progranm
resulted in an E(SDO) and E(NMC) of 0.00 and 2.67,
respectively. These values were equal to the gcals specified
on the D029 WRSK; therefore no changes were made to the
conventional WRSK. The conventional WRSK was used as the
generated WRSK (WRSK.) and was compared against the D029 WRSK
with Dyna-METRIC. The demand per flying hour (DFH) for each
LRU was calculated from the monthly DR using the following
equation

DFH = DR + (total flying hours x quantity per application)

The typical demand per flying hour is of the magnitude 10—<.
The comparison of the WRSK. and the D029 WRSK by subsystem
revealed the followling as far as differences in demand rates
(DR) and spares levels (SLs). There 1s no difference between
the DRs and SLs for the Airframe and Interior Fittings
subsystems because the D029 WRSK DRs and SLs were used lnstead
of the DKs and SLs calculated from the regression equations.
All but four of WRSK., subsystems had LRU DRs that, on the

average, exceeded the LRU Dks In the D029 WRSK. The four
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subsystems that had LRU DRs that were less than the D029 WRSK

Nhh

P

&

< LRU DRs were as follows: Hydrauliec Propeller, HF
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Comnmunlications, and Mtiscellaneous Communications. Table VI

o .
‘f illustrates the =mean and standard deviattion ¢(3d) of “ne B
S .0
“ difference petweaen WRSK., LRU DRs and the D029 WRSK LRYJ DRs by .
2.
- subsystem. s
- Table VI S
. ral
Differance Between WRSK., and D029 WRSK !;
Subsystem DR and SL e
:j Difference DR Difference SL 5;
> Subsystem mean sd mean 3d g
7 Alrframe . "
" Interior Fittings * Y
- Landing Gear 5.67 3.45 0.44 0.87 e
. Flight Controls 4,64 1.91 0.18 0.40 }5
Turboprop Power 3.18 2.67 1.29 0.82 s
Auxtllary Power 5.14 1.21 0.00 0.53 !!

Hydraulic Prop -0.40 1.30 -2.47 1.55

Environmental Control 10.24 5.31 1.48 0.98

Electric Power 1.30 1.64 -1.30 0.67
Hydraulics 8.88 6.94 2.88 1.96 .
Fuel 2.43 4.43 -1.43 0.36 ot
Oxygen 4.67 4.04 -1.67 0.58 g~
Miscellaneous 5.00 2.83 4.50 2.12 2N
Instruments -0.14 8.50 | -2.21 1.37 i

Autoptilot -1.06 7.26 3.00 1.57
HF Communications -11.50 10.2% -5.75 4,27 Ny
VHF Communications 16.50 2.12 -0.50 0.71 -
UHF Communications 21.33 16.26 6.00 5.29
y Interphone fi
" Communications 8.25 3.50 5.00 2.58 a
IFF/SIF 46.50 16.26 6.00 0.71 T
'S Emergency R
(o - Communications 5.00 0.00 0.00 .00 L
Y Miscellaneous -
X Communtl-antons -2.0510 .o 1,00 Ry | "
o Radto Mavigatian 7. RN 1.32 1.0 -
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All but etght of WRSKg subsystems has LRU DRs that, on
the average, exceeded the LRU DRs in the D029 WRSK. The eight

subsystems that nad LRU DRs that were less than the D029 WRSK

LrRU Dx3 were as rollows: Hydraulic Proceiler, Electrical
Powar, Fual, Uxygen, Instruments, Autopilot, HF
Communtcations, and Radar Naviagation. Table VI also

tilustranes the mean and standard deviatlon of the difference

between WR3Kg LRU SLs and the D029 WRSK LRU SLs by subsysten.

i

ivna -MZTR[C Results.

rs

Intttally two Dyna-METRIC runs were made. The first
with the D029 WRSK and the second with the WRSK derived from
wartime demands and the marginal analysls program. The

problem with this approach was it does not provide a valid

means of comparing the two WRSKs because the only factor equal

in both runs was the scenario: the DRs and SLs were not

eaqual. Therefore, in order to determine which factors were
responsible for any difference between the D029 WRSK and the

generated WR3K (WR3K.,) an additional Dyna-METRIC run was

-
-

14
¥
1

performed. In thts third run the demand rates from WRSK., were

oo
Al
2

f
'!

used in conijunction with the spares levels used 1n the D029

WRSK to from a composite WRSK (WRSK ). A fourth run could
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have been performed with a second composite WRSK, that
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contalned the D029 WRSK DRs and WRSK.,, SLs, but because 1t

St Ty reprvad s 1ane ngroote 43 = calrd run it was not ’Qi
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The ECNMC) that result form the Dyna-METRIC runs with

the three WRSKs are listed in Table VII. The D029 WRSK has
less NMC alrcraft at the end of the conflict than either WRSK.,

or WRSK .
Table VII

Expected Not Mission Capable Atlrcraft

WRSK
Day DO2S WRSK. WRSK...
3 1.2 3.1 3.2
10 1.8 3.7 4.8
15 2.7 5.0 6.7
2 5.4 9.1 10.8
30 7.2 11.4 12.7

Summary

When linear regression techniques were used to analyze
subsystem demand rates for the three bases, the base where the
data were collected affected the capabillity of the models to
estimate the number of fatlures. To handle this problem only
the data from a single base (Tan Son Nhut) were used. The
regression models resulting from the single base data were
better able to predict the number of faillures.

The subsystem demand rates were apportioned to the LRUs
under the subsystem to calculate LRU demand rates. The LRU
demand rates were rounded to the nearest integer and used as
the tnittil 3vare level for the =c-onventlonal WRSK. The
CYa o zalctusaned ror s LRUS under e Alrirane and interlor
suSsvatoem3 were non o beemed sl Ut lo and 1o e I,

The DuZ9 WRSK DRs and SLs were used in place of the calculated
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DRs and SLs. Marglnal analysls was then done on the
conventlonal WR3K to meet a goal of 0.00 for E(CSD0O) and 2.67
for 2CNMC). Tne calculataed E(CSDO) and E(NMC) values were
equal =3 =n2 goal values therstfore no cnanges were made ty LRU
spare (2v2.3 ln the conventlional WRSK.

The Dyna-METRIC runs indicated the D029 WR3SK had an

ECNMC) of 7.2 and WRSK., had an ECNMC) of 11.4 at the =nd or
30 days. Because the only factor in the two Dyna-METRIC runs

that was the same was the scenarlo, another run was mile uslng
a composite WRSK (WRSK..). WRSK. conststed of the demand rates
from the generated WRSK (WRSK.) and the spares levels trom the
D029 WRSK. The purpose of the final Dyna-METRIC run was to
provide a basis for evaluating the differences between DR and
SL of WRSK and the D029 WRSK. The E(NMC) for WRSK.. at the end
of the conflict was 12.7. The concluslons drawn from these

findings are discussed in the next and final chapter.
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V. Conclusions and Recommendations

Introductton

Thts chnapoter contains the conciusicn3 drawn from the

findings in the previous chaoter. The :onciustions reached
apply to the following aspects of the analyslis: regression
analys!s, margtlnal analysis, and Dyna-METRIC analysis. The

final toptec discuszsed tn thls chapter are my recommendations.

The base wnere the data were collected had a signiticant
statistlical =2ffect on the linear regression model’s
capabllity to predict the number of fatiures based on the
number of sorties, average sortie length, total flying hours,
number of landings, and number of alrcraft. When the data
from one base was used to model the number of fatlures, the
effect of the base on the model was not a factor in the
regression and the statistlcal models were stignificant. The
3ubsystem models resulting tfrom tne stngle base data all
rejected the null hypothestis Call B:'s equal zero) except for
the Miscellaneous Communciatlions subsystem model. Therefore,
1f the data from more than one base are used as a data base
for predicting DRs the base effect 13 likely to affect the

statistical fest results.

T2 dara coaciacznd AT 4 3inagle g2 were adble to
T ST g T Lot S R S SRS | 2o Lroem 1 2 S B
A R Joae L LWty o gnnay steem3 ot o mende [
whicn provides ;21 2atimates of the number of tatlures:
41
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Autopilot, Alrframe, Fuel, Instruments, Landing Gear,
Hydraulic Propellers, Radar Navigation, and Turbopropeller.
The following subsystems had models which were not very good
for predicting the number of fatlures: UHF Communications,
Miscellaneous Communications, IFF/SIF, HF Communications, and
Emergency Communications. No communications subsystems were
modeled well by a linear regression of fatlures with flytng
hours, sortie length, average sortie length, landings or
ailrcraft. Therefore, the use of any of the five variables
chosen does not accurately measure the DR for any of

the communications subsystems.

The use of regression is very time consuming and would
require considerable judgement concerning the variables which
are significant and the correct model to use. The use of
total number of failures divided by the total number of
flying hours is simpler to use and the current method for
evaluating the WRSK 1s set up to use the number of demands

per flying hour as an input.

WRSK Generation

The DRs calculated for the Airframe and Interior
Fittings subsystems were not used because when the subsystenm
DRs were apportioned to the LRUs to calculate the LRU DEks,
the resulting LRU demand rates were much higher. This may be
due to there being more items considered under this subsystenm
then triose items listed in the D029 WRSK. Attempting tc
derive DKs for LRUs when the DKs are ccllected by subsys:em

may not work well unless the LRU fatlures in the subsystenm

.,.,-
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Si are I1ndependent, the number of failures captures the number -~
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}; of LRUs under the subsystem, and the LRUs fail in proportion }J
« "
ﬂ to their number in the subsysten. £
o Mara'nal Anaivysis
" A - roy
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Margtinal analysis did not arfect the composltion of the

E‘_

WRSK because the conventlonal WRSK created met the ‘
predetarmined EC(SDO) and E(NMC) goals. Marginal analysis 1is :.:Ej-

useful 1f there 1s a monetary constratint assoclated with the ;v

:‘_: {mprovament function., Otherwise vyou couid butid a large kit :-’j:
", =
&3 that meets your E(3D0O) and E(NMC) goals but is very costly. :3:
" :

Margtinal analys!s also needs to incorporate :zonsatralnts

K

regarding slze and welght to be more realistic. Only a :

limited amount of equipment and resources can be deployed '-::‘_:'

e

with an organization. If the spares 1n the WRSK take up too -~

much space other combat equipment cannot be deployed. :::::

The compartson of WRSK, and the D029 WRSK subsystem DRs '_:f:"_

indicated that all WRSKa subsystens except Hydraulic e

Propeller, HF Communicattions, and Miscellaneous -::-.:
Communications had DRs that were equal to or greater than ::-:

e

those in the D029 WRSK. The WRSK., subsystem SLs were equal :

-I'.

to or greater than to the D029 WRSK subsystem SLs in all but NN

'-):-

the Hydraulilc Propeller, Electrical Power, Oxygen, x:ff

. S
e [nstruments, Autoptliot, HF Communicattions, and Radar :
: Mavtoratton sun3yastams. fhts tmplles tne supsdysram DR3 ot -~
- o
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greater than the subsystem SLs i1n the D029 WRSK.
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Pyna-METRIC

The factor used to adjust the peacetime DRs to wartime

e

DR cannot pe accepted as valld. The estimate of E(SDO) and
ECNMC) at the end otf 30 days was greater :or the D029 ¥xSK
than WRSK, or the WRSK-. WRSK. consisted of WRSK.' s demand

rates and the D029 WRSK’s SLs. WRSK., and WRSK. were closer

A TR

iln thelr performance than the performance of the DOZ9 WRSK.

The SLs were the only factor that was different between the

% SR

#R3K., and WRSK... Theretore, the 3Ls in wR3K., do a better 1ob
of fulfilling the demands incurred during a conflict than the
SLs in the D029 WRSK.

The D029 WRSK also performs better than the WRSK.-,

R P SN

almost twice as well. The factor that i1s different between

the D029 WRSK and WRSK. 1s the DRs. This implies the DRs 1in

r v
.

WRSK.: are higher than those tn the D029 WRSK. Because the

- v ¥

o " l'

DRs in WRSK.. are equivalent to the DRs in WRSK., the DRs 1in
? WRSK., are greater than those in the D029 WRSK.

F For the particular scenarlo used in thils thesis, the DRs
are the overriding factor because In both cases when WRSK,’s
DRs are used the D029 WRSK does approximately twice as well
as the WRSK using WRSK, DRs. The current methodology’s
estimate of the LRU DRs ts lower than the estimate of LRU DRs
using linear raegression; although the difference between the

P R S T A TR AN S I S TG TR TS § NS SR REUREI W LER RS RVEE B

2t et et s
Further analysts shoulid be deocne2 ustng LRU DRs derived

from wartime data to investigate !: -ne adjustment factor 1s
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truly too low. A comparison of the D029 WRSK and WRSK.

indicated the DRs in WRSK. are greater than those used 1n the
2029 WRSK. But several orablam areas make 1t difficult for
thes2 findings to be 120 c=2rcant valtd. Two of the most
3lynifizant ones ar=2 the nethod used to evaluate the two
WHRSKs and the form of the Jdata used.

The Dyna-METRIC model used to evaluate the two WRSKs
used izmand per flying hour as the input and basls for
detarmining expected not mission capable alrcraft. A better
means of comparing the two WRSKs would be to develop a model
that performed operations and provided outputs similar to
those tn Dyna-METRIC but determined them by evaluating the
factors which are relevant to determining the DRs for the
particular LRU. Because no such model exists, another
approach to the research problem be to calculate the DRs
using the current methodology (D0O29) but use actual wartlime
tallure data.

The second area of concern wag the form of the SEA data.
The data were aggregated by subsystem: all LRU faitlures was
assigned to the subsystem the LRU was under. This type of
maintenance data is not useful unless you are attempting to
define the subsystem DR to evaluate the weapon systen

reliablltity. In thts case the fallure of each LRU wtll cause

"ha Xeapon syatem o e NMO, Jvna-METRIC -ould rthen bhe used
13t mentoaoie o Lo JL3 ot 1Al svInen
i L Jer oot Leom 2 [ S A T LR 3
«-1_un 3y3tem rellaptlity. Ailso a marglinal analysis was done
45
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N to achleve the D029 WRSK. The SLs in the D029 WRSK are

. therefore greater than or equal to those calculated in the

! conventlonal D029 WRSK, using the rounded vaiue of the DRs.
S Tne fracfion of the faillures that are caused by a particular
N 7 LRU may be alterad by tne change in =ne spare level that

i resulted from the marglnal analysis.

The apbove ar=as of concern had the most impact on the

rT s 5 r
PR R

acceptance of <n2 —-conclusions of this thesls, but there are
twd oftnar 133ues tnat had a lesser impact on the acc=ptance of the
conclustons drawn. These two 13sues are the use of all the

linear regression model to calculate DRs and the

3cenario chosen.

T WalhSs RSN T,

Not all the regression models used to derive DRs at the

‘v

P
v

subsystem level provide good estimates of the number of

o

fatlures. Regression models based on the five vartables used

in th!s analysis should not be used to derive DRs for
, communications spares. Based on the regression analysis done
! in this research effort none of the flve independent

variables used to predict fatlures of communications

: subsystem ylelded a good model. If regression analystis 1is

! used to model failures in these subsystems, other varilables
. which effect fatlures must be found and collected.

. ) .

" The fitnal t133ue 1s how well can the level of conflict

.

y 2 datarainsd for oa furtare confltct.  Althouah the single

- HETE . Coved nurIvele omara una cdEIUA00 rins oo el noaee
" eeerrp Lt b TR DR N I LS DO T R S I R T O RN i B |
! 3ensitivity :.1.v3l3 or Jdevelop a response surtface tor the

.
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performance of each WRSK over a range of conflict levels.
Also, ln a real world conflict spares will be made available
before tne end of the <onrltcot and maintenance capabllity

wlli 3130 tncrea

{1
La

2 the numap2r oI 3par=3 avallable by

repatring

t
o
v}
w
"
I

Rils chat are reparable tn the fileld.
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AARB0666 BO202AIRCRAFT CLEANING 0 .0 4.2 .0 .0
ARABO666 BO3IO3“LOOK" PMASE OF [NS .0 .0 3090.4 .0 .0
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ARABNE66 BOSO06GROUND SAFETY 0 .0 18.0 .0 .0
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14 This Appendix contains the linear regression model equations

,h“ used to calculate demand rates

A .
) B. = the Intercept value -
:é - B, = the coefficlent of 1/flying hours (1/1920) ::
"

.*-_\ R,
3: B, = the coeffictient of 1l/average sortie length (1/2 hrs) S
.I. v -

A B~ = the coefficient of number of sorties (960) 51
ind o
\2 B.. = the coefficient of number of landings (960) $
n""- 5,‘
3‘- B~. = the coefficlent of number of alrcraft (16D >
i

1
X * indicates demand rates in D029 were used Eq
™ ** yndicates the mean of the demands was used o
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(* this program generates a wrsk using marginal analysis to
optimize the expected shortages and not mission capable
aircraft *)

progran marganalysis(input,output,do29,kit2,kit3);

type
nsn= record;
qpa,spare: integer;
fail,cost: real;
wuc: array [1..5) of char; (* work unit code *)
margin: array (1..5) of real; (* marginal value of
adding on unit of spare to wrsk *)
pnmc: array [1..2,1..16) of real (* probabillity of
having x fatlures given the nuaber of spares
and the gpa *)
end;

wrskfile= file of nsn;

var
do29,kit2,kit3: wrakfile;
item: nsn;

(* calculates lamda to the ith power divided by i factorial
for computation of E(SDO) *)

function factor(i: integer; fail: real): real;

var
J: integer;
k,r: real;

begin
k= 1.0;
if 1+ > O then
for 3:= 1 to 1 do

begin
r:= 3+0.0;
k:= Ktfail/r;
if k < 0.0001 then

k:= 0.0
end;
factor:= k
end; (* factor *)

(* calculates E(SDO) for particlular wrsk item glven the
level the spare is currently at *)

function esdo(replace: nsn): real;
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var
b,1,ue,d,tot: integer;
1texp,hold,thold, landa: real;

begin
ue:= 16;
thold:= 0.0;
with replace do
begin
tot:= ue*qpa+spare;
1f tot > 40 then
tot:= 40;
lexp:= exp(-fa1l); (* fail is failure rate *)
for 1:= spare to tot do
begin
d:= i-spare:
lamda:= factor(i,fa1l); (* fall to the 1 power/!
factorial *)
hold:= d*lamda; (* x- spare level* poisson *)
thold:= thold+hold
end
end;
esdo:= thold*1lexp
end; (* procedure esdo *)

(* calculates E(SDO) for wrsk entire kit , equals sums of
individual spares E(SDO) *)

procedure totsdo(var one: wrskfile; var sdo: real);

var
replace: nsn;
psum: real;

begin
reset(one);
sdo:= 0.0;
while not eof(one) do
begin
read(one,replace);
psum:= esdo(replace);
ado:= sdo+psunm
end
end;

(* calculates the probabilities of having x fallures given
the fallure rate of the particular spare *)

procedure poisnmc(var replace: nsn);
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o var t'("-«'.'\
i b,1: integer; ‘i W
L 4 fexp, hold, lamda,thold,dunny: real; o
4 begin i
j thold:= 0.056; i~
% with replace do oy
" begin S
: lexp:= exp(-fatl); (* fail 1s fallure rate *) Y
for 1:= 0 to 15 do =
¢ begin C?S
N 1f thold < 0.999 then 234
\ begin
W lamda:= factor(i,fai1ld); (* fail to the
: i power/t factorial *)
hold:= lamda*iexp; (* polsson *)
. 1f 1=0 then
& pnmc([1,1):= hold
y else
‘ pnac[1,1+1]:= hold+pnmc[1,1];
M thold;+ pnmc[1,1+1]*1000.0
b end (* i1f *)
- else e
- pnmc[l,1+1):= 1.00 o
N end (* for *) "
. end (* with *) ol
™ end; (* poisnmc *) ﬁ
; s
y (* calculates the cumulative probability of having x or less -:-:-::j
: fallure for a given failure rate *) el
. e
procedure matmnc var replace:nsn); ;\M‘
f var m
J b,1: integer; ::::_:.
- f"'-'.f“
s begin N2
- with replace do TiA
begin !,%_
A for 1:= 0 t 15 do Bty
‘ begin ;._:_:
N b:= qpa*i+spare; Yol
N 1f b > 16 then R
- pnmc[2.3+1:= 1.000 »
o else 1f pnmc(l,b] > 0.999 then ;
N pnmac(2,1+1):= 1.000 el
- else _":::'J
1 pnac(2,1+1):= pnacil,b] o
5 end (* for *D e
end (* with *) S
e
a2 end; (* matnmc *) o
: W
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) (* calculates the number of NMC aircraft sustainable for
QQ the given wrsk and failure rate of the item in the wrsk;
K multiplies the probability of having NMC aircraft due to
each 1lru *)

5..
: E:" YN

{
(R

;& .. function totnac(var one: wrskfile): real;

-
aln

Ll

var

-
o,

iy . replace:nsn; E
1: integer; me
N a: array [1..2]) of real; e

r,rl: real;

™k, ™ v” v

R begin :
N al2):= 0.0; 7
for 11:= 0 to 15 do

v begin G0
K all):= 1.0; g

reset(one); ﬁ&
? while not eof(one) do )
a» begin &
i read(one,replace);
-, with replace do

begin

all):= afl]l*pnmc(2,1+1];
1f al[l1] < 0.0001 then
all]l:= 0.0
end (* with *)
end; (* while *)
al2):= a(1}+a[2]
end; (* for *)

SRR

- Sal T

}: totnmc:= 16-a(2]
L end; (* totnmc *)
9., \\,}&
o (* calculates the marginal value of each spare item in the o
”' conventional wrsk file; reads items one at a time and -@ﬂ
s calculates marginal value *) Ay
o
" procedure calcrarg(var one,two: wrskfile; var replace:nsn; §=i
- a: real);
At begin
(< reset(one);
- rewrite(two); Rt
- while not eof(one) do -
: . begin e
[ read(one,replace); i
b with replace do e
" begin N
! margin(1l):= (margin{3)+margin(5])*a)/cost; iii
- write(two,replace) =
:‘ end (* with *) <)
b end (* while *) R
A Yo
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end; (* calcmarg *)

(*transfers contents of one file to a second file *)
procedure transfer (var fromfile,tofile: wrskfile);

var
part: nsn;

begtin
reset(fromfile);
rewriteCtofile);
while not eof(fromfile) do
begin
read(fromfile,part);
write(tofile,part)
end (* while *)
end; (* transfer *)

(* finds percent of wrsk items to increment by one *)
function findi(Cb:char): real;

var
a: array [(1..6] of real;

begin
all1]:=1/4;
al[2]:=1/8;
al3):=1/16;
al4):=1/32;
al[S5)l:=1/64;
al[6):=1;
case b of
‘a’: findl:= a[1];
'b’: findl:= a(2];
’c’: findl:= af[3];
'd’: findl:= a(4];
‘e’: findl:= a[5];
'f£': findl:= a[6]
end
end; (* findl *)

(* finds welight and percent of top elements (greatest
increase E(SDO) and E(NMC) function) in wrsk to increase by
one for next iteration *)

procedure find(n,n,c,b,a,r: real; var f1,f2: real;);
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var
t,u: real;
alpha: char;
a: array([l..2,1..6]) of real;

begin
all,2):= 10; (* weilghts for expected value function *)
af1,3):= 25; (* combination of EC(SDO) and ECNMC)*)
all,4]:= 50;
al[l,5):= 150;
af{1,6]:= 500;

af2,1):= 1000;

al2,2):= 1/4; (* Percent of wrsk to increase spare *)
al2,3):= 1/8; (* level by one *)

al[2,4):= 1/16;

al2,5):= 1/32;
al2,6):= 1;
t:= n-b; (* difference between current EC(NMC) and goal *)
u:= m-c; (* difference between current E(SDO) and goal *)
1f u >= r then

if t >= s then

begin
fl:- 8[1,3];
alpha:= ’'a’
end
else 1f (t > 8*0.8) then
begin
fil:= 3[112];
alpha:= ’'a’
end
else 1f (t > 8*0.6) then
begin
fl:= a(1,2];
alpha:= ’'a’
end
else 1f (t > s* 0.4) then
begin

fl:= a[l.l];
alpha:= ’b’
end
else 1f (t > 8*0.2) then
begin
fl:= af{l,1};
alpha:= ’b’
end
else
begin
fi:= af{l.1];
alpha:= ’b’
end
else 1f u > r*0.8 then
1f t >= s then
begin
fl:= a[lp“];
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alpha:= ’a’
end
else 1f (t > 5*0.8) then
begin
fl:= 3[113];
alpha:= ’a’
end
else 1f (t > 8*0.6) then
begin

fl:= a{l1,2];
alpha:= ’'Db’
end
else 1f (t > s8* 0.4) then
begin
fl:= .[112];
alpha:= ’b’
end
else 1f (t > 8*0.2) then
begin
fl:= afl,1]);
alpha:= ’c¢’
end
else
begin
fl:= a{1,1);
alpha:= ’b’
end
else 1f u > r*0.6 then
begin
1f ¢t >= s then
begin
fl:= 3[1'5];
alpha:= "a’
end
else 1f (t > 8*0.8) then
begin
fl:= a(l1,4];
alpha:= 'b’
end
else 1f (t > s8*0.6) then
begin
fl:= .[1'3];
alpha:= ’b’
end
else 1f (t > s* 0.4) then
begin
fi:= a{l1,2];
alpha:= ’'¢’
end
else {1f (t > 8*0.2) then
begin
fl:= 3[111];
alpha:= ’4d’
end
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2 else 1#,
o begin o
R fl:= afl,1); Rek
alpha:= ’d’ éﬁ
b~ end )“t
b else 1f u > r*0.4 then oy
- begin A
~ 1f t >= s then K
y begin boh
. fl:= al1,5]; Y
N alpha:= ’'b’ ~
g end 1::
'i else if (t > s*0.8) then ;\ﬂ
. begin o
2 fl:= al1,5);
alpha:= 'b’ T
;. end i.."-.
V. else 1f (t > 8*0.6) then ity
: begin 2
- fl:= afl,4]}; )
W alpha:= ’c’ i)
S end =
- else If (t > s* 0.4) then s
N begin R
N fl:= af{1,3]; -
02 alpha:= ’c’ N
' end ouckd
else 1f (t > 8*0.2) then

X begin R
\ fl:= a[1,1]; o
2 alpha:= ’4d’ i
I end brind
' else St

N begin i:
4 f1=- 5[1,1]; \‘-
S alpha:= ’d’ N
» end s
. else 1f u > r*0.2 then -55‘
i begin et
. 1f t >= s then R
. begin e
o fli= al1,5]; A
K- alpha:= ’b’ o
2 end oo
) else 1f Ct > 8*0.8) then e
begin 