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Abstract
This thesks studies the problem of determining war;
time military airlift capability and factors within the
military airlift systém which produce signifiéant chaﬁges
in system capability as measured in tons of cargo delivered 
after 30 days of syétem operation. The airlift miésién is
set in a scenarip which requires the reinforcement of

Western Europe against a warsaw Pact attack. This rein-

forcement is provided by C-141 and C-5 aircraft.

To examine the performance of the airlift system,,ﬁ”
a’' simulation model was created using the SLAM simulation
language. This model encompasses the four major subsystems
within the airlift system; these subsystems are aircrew,
maintenance, supply, and aerial port. These subsystems |
employ resources which'are pooled at two locations (one in\
the United States, and one in Europe).

A‘five-factor, twb-level factériél design is
employed to reyéal those factqrs'thaf'produce signifiéant
changes in system capabilityL "A total,of'32 simuiations
were ﬁerformed and the results were suﬁsequently run |
through an analysis of’varignée (ANOVA) algorithm. The

five factors investigated are: time to spare parts deple-

‘tion; resupply time distributions; number of C-141s; number

of cargo loading equipment; and the ééréo 1oad-availability 7




rate. The results of the ANOVA :indicate thaf cnly the time
to spare parts depletion (a supply function) and the numher

of C-141s produce significant changes to the airlift system

capability. Beyond the conclusions drawn from these .spe-

cific results, this thesis also illustrates the viability
of an aggregate airlift system model as a useful tool in

analyzing current and future airlift capability.

ix
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STRATEGIC AIRLIFT: U.S. TO EUROPE

'

- I. Introduction

Background

Strategic airlift plays a large role in current
U.s. sﬁrategy. Increased emphasis is beihg given tblrapid
depléyment and mobility of forces in discussions'which deal
with the U.S. ability to keep itz international commit-
mehts. Of the many commitmepts the U.S. has, the most
demandiﬁg one is the defense of Furope (Ref 7:198). Fur-
ther, the need to reinforce Western Europe agaiﬁst a Warsaw
Pact attack is consiéered the most plausible majof contin-
geﬁcy that could arise (Ref 7:9i. For these reasons, it
is appropriate to direét a study of strategic airlift
towards the European ;heatgf.'

The problem_bf'strategic airiift from the U.S. to
Eu;Jﬁe has its roots in.the North Atlantic ship cohvoys
uséd.in WO;id War II, The objeétive then was to move as
mach.tonnage_of wér material as péssibie to Eufope. Tian-

sit‘time was a factor, but it was generally not the key

~ factor as it became obvious that the war was going to last

for quite sometime. In these modern days, however, transit
time has evolved o become a critical factor in the resup-

ply and defense of Europe.




The'chiet and Warsaw Pact forces are composed of
higtly mobile fighting units capabie of spanning iarge
ground distances per day (Ref 7:100). The NATO forces
defending Western Europe must be ready to meet such an
adversary. One strategy for successful defense immediately
comes to mind: defensive preparedness can be eetablished by
maintaining large military forces in key positions while
aiso stockpiling substant;al War Reserve Materiel (WRM) .
Unfortunately, this strategy has proven to be politically

and economically untenable.(Ref 8:3) and an alternative

‘strategy must be employed.

The alternatlve strategy employed by the U.S. is to
maintain a force in Europe which {along with other NATO
forces) is.capable of a short-term holding action against
an invasioﬁ. 2s such, the U.S. forces in Europe‘are rela-

tively small and large WRM stockpiles do not exist. - Addi-

‘tionally, even when the in-place U.S. forces are ‘combined

with all cther NATO forces, the total»defendinc force of
Western Europe remains outnumbered and outgunned (see |
Figure 1). Therefore, innerent to the current strategy is
the reQuirement.for‘quick resupply.in'substantxal amounts.
The prxmary means in meeting this demand will be strategic
airlift (Ref 7:103). |

Using strategic airlift resources for thxs mxssion
({i.e., the resupply‘of Europe) will not be without compli-

cations. For this strategy to work, amilitary planners

e
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NORTHERN AND CENTRAL. EUROPE FORCES

HATO WARSAW PACT
Main Battle Tanks _ ‘ . 7,000 20,500
Tactical Aircraft 2,350 4,200
Artillery (all types) 2,700 10,000,
Ground Forces Available in - ' _
‘peacetime (division equivalents) 27 47

Combat Manpower ‘ 626,000 943,000

Fig. 1. European Force Comparisons (Ref 24:15-28)

must know the capability of the strategic airlift system and

the constraints of the system.

Problem Statement

The problem in analyzing the strétégic airlift syg—
teﬁ lies in developing a method.of measuring system capa-
bility. Within this context, the goal of this thesis is to
port;a§~the strategic aiilift system and identify the |

critical‘factors'which affect its operation. - Additionally,

a by-product of this effort will be the ability to forecast

an uppér limit of the amoﬁnt of cargo delivered in any

given period of timé..vThe.importanquof these goais cannot

" be overstqted.

A concept which relates to these goals is the con-
cept of force readiness. A broad definition of readiness
is the ability,of a force to accomplish a given mission

3




(Ref 23:2-4); naturally, different miséions will require
different msasures of readiness. 1In the mission of stra-’
tegic airlift, cargo moving capability in terms of tons
moved within‘a certain time period is very appropriate.
Other measurzs of aircraft readiness include average air- -
craft.flying time per day (UTE rate), aircraft maintenance
ground time, and a myriad of other measures which indicate
the efficiency of individual functions associated with
strategic airlift. And, as with ary large system, improve;
ment in the individual functions kor subsystems)-should
result'in improvement of the system as a whole. Addi-
tionally, the system may prove to be more sensitive to
changes in one subsystem than another. Ultimateiy,-all
subsysfems affect the single most important readiness mea-
sure in s;rategic airlift: the amount of cargo moved. By
determining how the individual subsystems affect cargo-
moving capability, a positive statement can be made on what
actions shouid be taken to increase thg :eadiﬂess.level ofﬂ

U.S. strategic airlift.

Overyiew. '

Thé remaininé chapters'parallel the research design
employed in'conducting this thesis. Chapter II_discusses‘
the airlift system as it currentis exists. Once this sys-
tem was thorouqﬁly researched, assuﬁptions and limitations
were applied to the system in order to buila a computér

simulation model. After the model was constructed, the

4




input parameters, gtructure, and output were validated and
all computer operationé were verified (see Chapter 1II).
Once validated and verified, the model was used to conduct
experiments and test_selected systemlfactors for their
_impact on system opera;ion. This aspect of the system is
bovered in Chapter IV. Finally, the results from these
experiments leéd to conclusions and recommendations in

.Chapter V.




II. System Description

Introduction

The MAC strategic Aiflift'system is a 1arge,lcom-
plex structure. An ove:all vigw‘revéais that the airlif:
system can be broken AOwn into several subsystems. If the
functions of these subsystéﬁé,.their interactions, and their

effect on system capability can be understood, then a ﬁodel-

of the system can be develéped to simulate system operation.

This chapter describes the air1ift subsystems, their effect
on system capability, and the model that was developed to

simulate the airlift system.

The Airlift System

The MAC strategic airlift systeﬁ-can be repre zented
in several different ways."At a very basic level, it can
be fepresented as an input*buﬁput system as shown in
Figure 2. | . 

Thé'dotted,liné showing the boundary of thg MAC~S§SP
tem‘indicqtés that édme parts of»;he'ihput,and output are

extetndlrto the airlift system. »This sugyests that the air-

: lift system does not operate in a vacuum but is related to

other systeﬁs. External inputs consist of things like

directed requirements»cargotb belmpved, or desired capa-
bility.ﬁvlnputs within the MAC,systém are aircraft avail-
able,.operatiﬂé b@ses, spare parts..pergonnél, fuel, etc.

. 6 ‘




PROCESS

OUTPUT
*Cargo
Delivered
*Hours Flown
*|JTE Rate '
.*Capab1l1ty /

INPUTS 7
*Requ1rements *Maintenance
*Pesources *Flying
*Cargo Operations
*Desired *Aerial Poru
Capability Operations
[
1
h
y) Feedback
] R
t
] .

MAC System

— e W e e e e e S ——— . - - - -

Environment

Fig. 2.

The process of using these inputs to reach the desired out-

Input-Output Model of MAC System

put includes flying the aircraft on assigned missions, -

maintenance to fix the aircraft or keep them operating, ana
aerial port operations to handle the cargo.
- the system are
lmeasure of system capablllty.

the output w1th the input to see if the de31red capabxllty

hours f,own, cargo dellvered or some other

The feedback loop compares

.‘has been met or the cargo has been moved.

A . o

Figure 3 usee a causal loop dlagram to expand the

a positive sign (+) indicates a direct reiationship between
the two connected components;

.results in an increase in the

- -

between the elements within;the system.

other.

view of the airlift system and show the.interrelationships

i.e., an increase in one:

A negative éign (-)

The outputs of

in this diagram, .
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indicates an inverse relatiohship; aﬁ increase in one
results in a decrease in the oﬁhef (Refi22:13).

‘This view of the system still indicates that -
desired capability (i.e., cargo ﬁoved) is the input to
the system and that actual capability is the output.
Figure 3 also shows that the system itself is composed of
four main subsystems: aircrews, maintehance, supply, and
aerial port. Each of these parts will be discussed in

terms of how they operate within the sYspem.

Subsystems

Aircrews. As each requifed rnission is{generated,
& particular aircrew is assigne&kagainst that mission.
Since crewmembers can be interchanged between squédrons or
wings to aeet mission requiremenﬁs, it is possible on a
iarge scale to view all availab1é aircrews as one resource
;no?.l Approximately two houré'pribf to the scheduled depar=-
ture time of the mission, the aircrew arrives to perform the

flight planning and preflight.';This grrival time marks the

‘beginning Of-thé dﬁty day for the aircrew. Once all pre-.

flight activities have been completed, the Aircrew.and air-
craft depart on the mission. The crew may fly one or more
missioﬁsvlegs during a duty day asvlong as the éstiméted~ ,
landing time for a particular ieg does not exceed sixteen
hours from when their duty day started. |

When the aircrew has completed their leing for a

particular duty day} they'are given crew rest time as

9

N . . N 3 . . .
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specified in the approrriate MAC 51-XX series requlations.

This crew rest time is a minimum of 12 hours from when all

postflight duties are complete. At the end of crew rest,

the crew is again available to fly a mission. This cycle

cohtinues until the crew returns to its home base. At that

- time the crew is normally given an extended amount of crew

rest which is based on the time spent away from home. Dur-
ing a contingency, however, this extended crew rest may be
waived and the minimum 12 hours crew rest applied.

Maintenance. The second major subsystem of the air- '

lift system is maintenance. MaintenanceAis responsible for
the aircraft themselves. ‘This includes repairing broken
aircref; and aSsigning aircraft for each mission. .At
enroute stops, the amount of maintenance performed is depen-
dent upon the length of time the aircraft is plenned to be

on the ground and the severity of any problem encountered.

If it is desired to keep the ground time to a minimum, only

those items required for safety of flight or by regulation

- will be repaired. 'All other maintéenance will be deferred.

) until the aircraft is scheduled for a lohger ground time

or returns home.

When an aircraft returhs to its homelbase, gener-
ally"all of the maintenance diecrepancies will be cleared.
However, this may be modified by ﬁné availability of other’
eirc:aft‘te perform the required missions. Ih other words,

if other aircraft are available, then all maintenance items

. lo - : ' | . “\.\ .
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_can‘bé repairea. However, if the aircraft is needed for .
anothé£ ﬁission, then, again, only the éssential items will
be fixed. : |
The rate at which maintenance people can repa?r air-
‘craft is.related ta the aQailability of qualified personnel.
Gene:ally} if more mainfenance personnel are'available, fhen'
an_éircraft can belrepaired'more quickly or more aircraft
féén'bé repaired at the same time. Since some sort of shift
: sche@ule is necessary, only é portion of the total mainte-
1paﬁce force is available at any’one time.and this places a
iimit.bn the fate of aircraft repair.
Suggix. Supply is anothér'major subsystem of the
_ airlift system and'is direcély related to maintenance since
the abiiitylof maintenance to rébair the aircraft is depeh— _
dent on the supply of spare pqrts. Generally, a stock of
those parts most frequently needed will be maintained within
.'£he‘loc$l base supply. system. For thoée items which are out
 §f“sto¢k, replacehent parts must be ordéred; the time it
‘takes for £hese patts.to azréve”affects the rate at'which

maintenance‘can produce aircraft that are ready to fly.

i,‘Aerial Port. The final subsystem of the airxlift
system shown in Figure 3 is aerial port. Aerial ‘port is
thaﬁxpart of the system tﬁat hﬁs responsibility for all the
¢argo handling. The aer;al‘pprt receives ghe cafgo from .
the”shipper, documents and processes‘the-cafgo for.trans~~

pqrt} loads and unloads the aircraft, breaks down the cargo

11




léads, and insures receipt of the cargo by tbe,user. As
with the maintenance subsystem, Fhe rate at which cargo can
be merd through the airlift system is dependent on the
number of qualified personnel available. Generally, the
more aerial port personnel available, the faster cargo can
be processed and moved through the systém. In peacetime,
movement of cargo thfough the airlift system is considered
only a secondarylbenefit to the primary objective of train-
ing (Ref 1;1). However, this cargo movement provides |
Qaluabie training for the aerjai por:t personnel who will be
an important part of the system in any wartime scenario
requiring the'rapid movément by air of men and material
from one location. to another.

As shown in Figure 3, all parfs of the airlift sys-
tem must function in order for the system to continue opera-
tion. One prohlem associated with this system is deter-

mining the propef level each subsystem should be exercised

©at in'é:der'td produce the desired output. Several

approaches have been made in an attempt to model the air-
lift system and in some way relate -the output capablllty of

the subsystems to overall system capabllzty.

Historical gpggoaches'

| Historically, MAC has viewed each of the major com-
ponents of the airlift system separately. Although all com-
ponents of the system were considgred important, the air-
crews were agreed to be the part that deterﬁinedusystem
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capability (Ref 27). This approach expressed the required

system capability in terms of a required aircraft utiliza-

tion (UTE) rate. The necessary day-to-day flying needed

for the

aircrews to be able to achieve. the required UTE

rate was then determined. The idea was that if the system

was exercised sufficiently for the aircrews to achieve the

required system capébility, then the other parts of the sys-

tem would automatically receive enough use to support this

requirement (Ref 29). This approach is shown conceptually

in Figure 4.

Requ1

Requirad system
capabilities

| ~ Maintenance -

Needed. flying .
hours for . ,

Aircrews - Larggst # flying
hour's needed =

minimum flying

Supply - . )
: Aegga{ Port - hours required
red aircraft” . N : for system to
TE rate . to support meet requirements

required UTE rate

carefull

Fig. 4. - Historidal View of MAC System

In 1977, the capability of the airlift system was

Ly reconsidered and a new approach to system capa-

' bility was developed: it was now believed that the air-

crews might not be the driving factor of syétem capébilitya

in all ¢ases.” The new approach was to consider each major
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element of the system and then détermine the amount of exer-
cise required by the system forlthat'element~t5 achieve its
required capability. Again, the required‘capabiiity was
expressed as a required UTE rate. Each major element of

the system was studied to determine how it related to the
flying hours or UTE rate, and what peacetime flying was
neéded in order for that element to support the required
wartime capability. However, tnis approach assumed that

the subsyséems were independent SO eacﬁ subsystém could be'
considered in isolation. Thié.view of the airlift systém

is shown caiceptually in Figure 5.

Required system A
capabilities : ;

Required aircraft ' ' Capability of
UTE rate : airlift system to _ ;
: meet requirements 4

Needed flying hours Maintenéhce -

for aircrews to < - ~> Supply -
achieve required _ Aerial Port ~

UTE rate ali able to achieve

required UTE rate

L e ¥

Fig. 5. Revised View of. .MAC System

It has been suggested (Ref 12) that the abdvéi
approacheé:are insufficient to capture the dynamics_of the
in;e;abtions between‘elémeh;s of’;he airlift‘systém; what
is needed is a large,scaie simﬁlation.  Suchfa.simu}htibn
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would take into account the indivi uallsituation at each
base and hence be responsive to transient.shortages of any
element at a base rather than lookiné at each compbnent_in
an aggregated nanner for the whole system. In other words,
the base level detail is necessary to obtain’a :ealiétic
measure of the true capability of the syétem (Ref 12:36).
The Operations Research Division at MAC hasvtaken just
this approach. They have attempted to model.the entire air-
lift system on a base-by-base Jevel (Ref 17). The :ésult
kas Lkeen over three }ears of effort and grmodel so large
and complex that it is not Yét‘vélidated'gnd‘consequently
is not useable as an indicator of airlift system capability.
This thesis suggests an alternate‘approach to ihe
problem of éirlift system capability. Instead of stéfting
"from the required capabi}itiés and determining what ié
needed to meet those capabilities, thevairlift system is
modeled as it presently exists. The resultigg current
capability of the sﬁstem is then one of the outputs of the
modgl. This approach incorporates the same four subs}stems
of Ai:crews, maintenance, supply, and aerial port as have
been considered previously. However, they>ate now con;'
sidered as a whole‘sysﬁem rather ﬁhhn as ingepehdent parts.
This allows for the possibility 6£_intera¢tipﬁ'betwéén thé
different parts of the system. _Ah'aqg;egated'basé.conéep;f 
is used to avoid the anieldy product that results frdm-

including many bases in detail. Although some of the
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accuracy may be lost, the result is a workable size model
that provides a first order indication of airlift system

capability.

- Assumptions and Limitations.

" The scenario used as a basis for structuring tﬁe
airlift system model is the outbreak ofva major war in
Europe; This '‘war requirés a rapid, large scale ai;lift of.
'equipmént and matgrial-to Europe.to support the fighting.
Hervef} this outbréak of fighting is not avcdmplete sur-
brise as tensions had been ;apidly buildigg for several
_days. Using this scenario as a reference._severél assump;
tions are made that affect both the ﬁodel's view of the
fgystem and ihe model starting conditions. These assumptions
Vare outlined below.

‘The increasing tension and anticipatiqn of the out-
break of fightingvallowed MAC to make some prepafations for
tﬁe egpected airlift requirements. First, all aircraft mis-
sions were cancelled and.any aircéaft|away from its home
"base 'was directed to return home Ss soon as possible. Once
the_aircraft were home, any necessary maintenance was per-
formed. Because of these actions, §11 aircraft to be used
in this coﬁtiﬂgency are at their home base and fully'bpe:a-
-tional at the bedinning 6£Ithé simulation. Also, all the
aircrews have been put on élert,~inc1uding some crews pre-
positioned in Europe, so that they are immedtatoly avail-
‘able. | |
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The suspicion bf an imminent attack has also alléwed
the Army, :in ;ooperation with MAC aerial port personnel, to
prepare some of the material and equipment for airlift.
Therefore, there is cargo imﬁediately available and cargb
continues to be available. The result of this assumption
in terms of the model is that aircraft never wait for cargo;
cargo waits for the aircraft. In this way the maximum'éapa—
bility of the airlift system;ywhen cargo availabilityﬁiéh
" not a factor, can be determined.

The simulation modelluses an acgregate base in the
U.S. and an aggregate base in Europe. Althouéh the airlift
system has many bases, the use of aggregate bases permits
concentrationybn overall system opefation as opposed to the
detailed operation of many bases.. Additionally, the MAC
airlift system has the capability, if necessary, to mix air-
crews from different bases, interchange aircraft aésiqned
to a mission, and rapidly mové resources from a basg with a
surplus to a base with a shortage. Therefore, the conéept.
of aggregated bgseslsimply assumes that any feéources céh
be moved quickly'enough for the U.S. andgé;;;;;;h theaﬁe;é
to be viewed as.singie entities instead of groups of indi-

" vidual bases. |

| In'the system,‘an aircrew may often fly several
short legs or a short and a iong leg (e.qg., Chqueétohvto
Dover and Dover to Ramstein) during one duty day. However,

-since aggregate dbasns arc used, the only legé specified»arel
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fhe U.S. to Europe and Europe to U.S. legs. .Because of the
length of these legs and the necessary ground times, it is
not possible for an aircrew to make a round trip flight in
one duty day. Given this situation in the model, all air-
crews are automatically given crew rest upon landing.

Due to the largelnumber of aircraft arriving and the
limited ramp space, the ground time in Eu:bpe‘of each air-
craft is kept to the absolute minimum with all but the most
essential maintenance being deferred until the aircraft
returns to the U.S. Within the model, it is assumed that
only some minor prefllght maxntenance may be required in
'Europe. Within the stated scenario it is entirely possible
that most rules on what aircraft systems are required will
be significantly altered, especially with an empty aircraft
on a return flighﬁ to the U.S. For this reason, iﬁ is not
unreasonable to assumeithat only minor maintenance will be
performed in Europe. Also, since the primary output of the
model is tons of cargo delivered to Europe, lt makes no
dlfference whether the time that an aircraft is down for |
maincenance is divided between Europe and the U.S. or,
whether all of the maintenance time is calculated at the end
of ‘the Burope to U.S. tlight.. Beeause of the high priority
of the missions it is assumed that oece an aircraft is air-
borne, iﬁywili continue en‘to its destination. Therefore,
;ﬁe possibility of ‘an enroute abort is not. included in the
model. ' ' by |
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As with any model, there are iimitations on the use
of the model because of the purpose for which it was con-
structed. This model is not specifically designed to g;ve
" an accur;te value to the capability of the airlift system,
but ratbef to investigate the relaﬁionships within the
‘system. Thus, the output is primarily used as a means of
comparison between different runs of thé model. In this
way, the output provides a relative comparison.of differeﬁt

effects on the capability of the system.

Model Structure

Befdre modeling a system in any given computer
language, the specific issues contained within the system
must be identified. Once the resultant generic description
of thé system is esfablished, work can begin on fitting an
appropriate simulation lanquage to the system. In the case
of strategic airlift, specific issues are addressed by three
functional areas (cargo, aircrews, and aircraft)'which
.émploy the fout previously defined main subsystems of air-
crew, maintenance, supply..and aerial port (see Piéure 6).
The questions.taiséd by éﬁese funcéion#l-areas are pre-
sented ‘in Pviguxé 7, 8, and 9. Rote that the questions
raised by each functional area are .more concerped wigh the
oﬁﬁput of the subsystems employed rather than the'détailed
inner workings of the qubsystéms.... 4 | .

Besides ﬁhc‘airlift system itsélf; the thiee struc-
tureb.in‘?iguré 7. 8, and 9 share a co@mon'link in thg'type
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SUBSYSTEMS: FUNCTIONAL AREAS:

ATRCREWS AIRCREW

* AERIAL PORT CARGO
SUPPLY ATRCRAFT
MAINTENANCE

. e wyr

Fig. 6. Functional Areas and Subsystems
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AIRCRAFT AVAILABLE? —N0_yar7—.
YES
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Fig. 7; Cafgr Logic.struéture
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of questions asked and responses required; they all wait
for resources, employ them, then release them. Further,
it may be deduced that employment lasts for a specified .
amount of time. This type of system is well suited for a
network simulation language. Additionally, the simulation
languagé chésen must be flexible enough to allow manipula-
tion within the three functional afeas. SLAM (Simulation
Language for Alternative Modeling) is such a language and-

is used in this modeling effort.

The SLAM Model

The SLAM program was constructed in tﬁree segménts
which were later combined to form this single program.
Each segment represents a pafticular phase ian the U.S.~-
Europe airlift system. Segment one (lines 4250 through
4810) represents the loading of cargo bound for Europe.
Segment two (lines 4820 through 5390) matches aircrews Qith
loaded airpl&nes and flies them to Europe. There, aircraft
are unloaded apd aircrews are pdt intq cfewrest._ The final
segment (lines 5350 through §430) poftrayé aircréft,turnf
around'iplEurope and return'to‘fhe U.S.' Once in the U.S.,
ai;craft'go through mainténance (if reqﬁired) and then
fe-éhtef‘the system at segment one. In the remainder ofw<r
this section, eaéh ségment\will be presented in detail.
fhe entirg computer code is available for referencing in
Appendix A,‘ The SLAM networi structure is presented in.

Figure 24 in the appendix;'

23

B s e T Y g




Segment One: Cargo Loading. In segment one, the

cargo is the focal point of the system. The first step
calis for cargo creation. 1In éhis'SYStem, catgo availabil-
ity is not considered a factor. For this reaSoh, there is
no constraint placed on how fast or when cargo is created .
(see line 4280). However, a'six-minute time interval.
betQéen creations is specified in thé_system. This is to
keep the simulation time clock advancing at a reasonableA
paée and also to keep the system from being flooded wi.th
"waves" of simultaneous takeoffs from the U.S. Another
apparent constraint on cargo creation.is the condition in
lines 4290 and 4300. These conditions effectively turn off
the cargo generator when.all airgraft are being‘used, thﬁs
preventing an overabundance of non-moving cargo entities in-
the system which would ofherwise require a large.amoun£ of
computer memory. ‘Therefo:e; the conditidns‘specified are a
machine limitation, not a sy;tem-limitationf o

~Each relea§e'from the éfeate'node sends a caréo
entity to'a C-141 stream and A ¢-5 streém. In each stféaﬁv
the cargo waits for an aircraft resource and is.ﬁarked in
attribute two 'to identify the cargo as beihg.c-141 éafgo
(atrib(2)=1, line 4320) or C-5 cargo (atrib(2)=2, liné
4430). Further, the cargo is.identified aé either requiring
load equipment and load personnel (atrib(3)=.1, lines 4410
and 4510), or load personnel only (atriS(3)=G, lines 4390

and 4530). The percentagés oL cargo rgquifing load
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equpment (i.e., 41.4 percent for C-1l4ls and 65.ébpercentﬁ
for C-5s) were calculated from data ﬁsed by MACRO-14 (Ref 5
17). The time it takes to load tﬂe cargo is assigned to -
attribute four and is also takeh from MACRO-14 data. Once
the cargo is marked, it waits for either load equipmeng -
(line.4580) 6r load'personnel (line 4630) as approp;iate.
When these reguirements are met, the cargo,ie loaded onto
the aircraff (line 4690) and the load equipment aﬁd per-
sonnel are freed for other jobs (lines 4730 and 4750). At
this point, statistics are collected which reveal how long
1t took the cargo to get from the "loading dock" (create
node) to the airplane. Now, the only thing keeping the
cargo on the ground is lack of‘an aircrew te fly the air-

craft.

Segment Two: The Aircrews. Immediately after the
aircraft are loaded, they wait for aircrews to become avail-

able (Cfl4ls at line 4850, C-5s at line 4900). All aircraft .

then follow the same routine in their flight tO'Eurbpe.

First, attribute five is marked with:the time, the aircrew

came on duty so that crew duty day'statistics may be col--

" lected. Then the aifc:aft go through a delay for preflight

and taxi to the runway (1ine 4970). ‘Before takeoff, 15
percent of'the aircraft will experience some sort of mein-'

tenance difflculty and requlre pre-.akeoff maintenance

. (line 5040). This percentage 1s derxved from 1nformat10n

contained in reference 18. After pre—takeoff malntenance
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is accomplished, the aircraft is assigned itslflight time’
from a normél distribution with a mean of 7.7 hours (line
5090). Variation in flight time is provided to account for
Qarying winds and destinations in Europe; Aftef landing
in Europe, the aircfews are separated from.the aircraft
(lines 5230 and 5240), and go through postflight activity
which lasts between one and one~-and-a-half hours. Polloy-.
ing postflight activity, statistigg are collected on crew
duty day and the crews are put into 12 hours of crew rest
before being made available for return flights to ihe

U.S. (lines 5230 and 5330).

Segment Three: The Aircraft. This segment starts

at line 5380 where the aircraft routine after landing in
Eurbpe begins. Here, the procedure is to first wéit for
load equipment or personnel as required (recall that the
‘'cargo was marked in attribute three earlier). When these
requirements are met, the cargo is'unioaded'(line 5440);
unloading. time is based oﬁ the exact type of cargo being
unloaded (that is, bﬁlk; oversize,.o§ outside cargo). This
' determination .is made in user function two and is derived
from reference 17. After unloading i5'aécomplished, sta-
tistics are collected on‘éhe total transit time of the cargo
and the total weight (in tons) of the cargo moved (line
5510) . o

_ For the return flight to the U.S., C-141s are
separated from the C-5s, though both ai?craft follow
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similer routines. First, the aircraft go through mainte-
nance -postflight, refuellng, and preflight (lines 5620 and

5900) . Because these return flights arz not critical cargo

" carriers, it is assumed that any maintenance required can

wait until the aircraft return to the U.S. . Therefore, no

maintenance 1s scheduled to take place in Europe for this

model. The next step, then, is for the aircraft to wait

‘for an aircrew to become available (lines 5660 and 5940).

Again, time is allocated for aircrew preflight and taxi.
Also, 15 percent of the C-141s and 30 percent of the C~5s

require pre-takeoff maintenance and will incur a delay on

the ground (lines 5700 and 5980). After this delay, air-

craft fly to the U.S. where the aircrews are placed{in crew-
rest and subsequently are released fer duty (lines 5840 and
6120). The aircraft go through quite a different routine
than the one followed in Europe. |
Airereft'are éiven a 50'percent.chance.of reqﬁiriﬁg'
maintenance acﬁiogs’(line 6190). When an aircraft enters

the maintenance stream in the system, it is assigned atitri-

‘butes whlch record the time it is.to spend in malntena e

. {line 6210), the number of 1tems which requlred malnte nce

(and, hence, the number of maintenance crews employed) t

'11ne 6230, and,‘f;nally, the t1me delay due to supply (line

6250).' These' values are calculated in events one, two,|and

three respectively. After the aircraft is fixed, it goes

through a turnaround phase et which' time is is refueled and
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prefliéhted by maintenance (lines 6350 and 6360). The
turnarouﬁd time is determined in user functions fcour and
five. With this done, the aircraft is releasedlto its
respecéive resource block and is made available for ancther
mission to Europe (lineé 6400 and 6420). At this point,
the cycle sta;fs agaih-at segmen; one.

In addition to the network statistics'already dis~-
cussed, this model also'allows mahipulation of key vari-
ables on a daily basis in event four. Witnin event four,
such things as daily UTE rate ;nd total tonnage delivered

are made available for analysis.

Summary

This chapter initially presented an overall view

,of the MAC airlift system and described the four main sub-

systems of aircrews, maintenance, supply, and aerial port. -
Several previous approaches in employing‘these subsystems
and determining Systém capability wéie pxgsenﬁed. Noting
the deficienciésiin these approaéhes, an alﬁerﬁétive;,
holistic systems approach uging compﬁter siﬁulation was pre-
éentedt. Assumpﬁions and limitations were then applied to
the system and the subsgquent‘development of‘a computer
moéel was described.

However, the development of a computer model is

.not sufficient by itself. The validity of the model must

be established for the mbde;'outpdt to be dsgful-for
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analysis. Chapter III describes the validation .and verifi-

'

cation process accomplished.




III. Validation and Verification

Introductinn

The acceptance of any model as a useful tool-
depends largely on the user's confidence in the model struc-
ture and output. Building this confidence can be achieved
on two planes. The first plane is model validation. There
are several aspects of validatiop which can be employed.
Tﬁus far, emphasis has been placed on the design valiaity ’
of the model structure as presented in Chapteg II.J;To
further confidehcé in the model, the input parametgfs and
model output must also be validated. Because there is ho
actual data available on this scenario (i.e., *he'burtime
resupply of Europe), rigorous validation of the output is
not possible and will, therefore, be lxmzted in scope. The
second plane of confidence deals with the verification that
the‘model indeed operates as it was intendead. VErifica—.
tion entails checkiug for corfeét mathematical opération

and pfoper computér logic within the computer code.

Ihput validation

Many different pieces of data were gathefed.to help
build a reulistic portrayal of the sttategic airlift system.
The purpose of this section is to present the methods used
in collectinq this dcqcr1pt1ve data and reduc¢ing it to a
,‘useable format for the computer model. Most data was

30




provided by Headquarters, MAC, although other sources were
also used. The bulk of the data is concerned with four
areas: aircraft maintenanée, supply delay time, aircraft
loading and unloading times, and cargo weight per aircraft.
Though other parameters in the model did not require much
data reduction, they are discussed in the final segment of
this section.

Aircraft Maintenance. The amount of ;ime an air-

craft spends in ﬁaintenance is a function of how often it
breaks {i.e., is declared NopQMission-Capable—fdr-
Maintenance), how many.items require repair once the air-
craft is declared NMCM, and how quickly maintenance per-—
. sonnel can repair the aircraft. The supply of replacement
parts is also a facﬁor, but”wiil be discuésed separately.
It is importént to separate wartime maintenance
from peécetime maintenance for a number of reasons. Pirst,
the scenario for this model is contingght upon an outbreak
of war in Europe. In such a setting, some maintenance
items canvbe overlooked {such as_sn inopérative instrgment
in the co-pilot‘é position),'wﬁile some cannot (such as an-
inoperative electrical system). Because of this reduction
in required.maintenance. peacetime maintenance data-cannot
éirectiy refiect wartiﬁevmaintenance‘requirements. wWhat is
needed, then, is data'which reflects maihtenance'require-
ments of wartime essential subsystems. Data of this nature

is very difficult to bbgain,'howéve:) as no direct
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reporting system'exists fot'wartime maintenance. Therefote,
pecacetime data whiCh covered stateside maintenance over a
three-month period was obtalned oh‘teh different C-5s from
Headquarters, MAC. From these computer listings, mainte-~
nance accomplished;on ﬁihimum essential subsystems as con-~
taired on the MAC Minimum Essential Subsystems List (Ref 3)
was extracted. The specific data included the number of
broken subsystems per aircraft visit to maintenance and the
amount of time theeeircraft spent in maintenance. From
this collection, l39 data points were plotted in four-hour
groaps (see F1gure,10) Though the reporting system‘does
not 1nd1cate delay due to supply, 14 data points (represent-
ing 10 percent of the total data) were discarded because
their high time in ﬁaintenence'(i.e., over 36 hours) was
probably due to supply delays. In some cases, this assump-
tion was fairly obvious: one data point indicated a C-5 in
maintenance for ten‘days. . For other cases, however, the .
36-hour cutoff point represents an approxlmate estlmatlon
of maximum tlme for maintenance based on experience and
interviews_thh maintenance personnel. Once this data was

plotted, the resultant cumuletive histogram was connected

" by lxnear lines with break points at 3, 6, 18 and 26 hours.

. The endpoints are at the mxn;mum observed time in the main-

B

tenance data at one hour and the maximum time allowed at

36 hours. This .set of liﬁeax lines is the ‘basis of
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determining the time spent in maintenance by aircraft.

The computer codé is listed in lines 380 and 560.
Related to the time spent in maintenance is the

number of maintenance crews required to fix an aircraft.

This was determined by plotting the number of maintenance

-items repaired per aircraft sent to maintenance (see

Figure 11). As with the "time in maintenanqe" data, some
data points weére disregarded due to their infrequency.
Because the number of maintenance items is an integer, the
resultant distribution femains in a discrete form. The
computer listing for this segment is found in lines 590
through 920.

Aé mentioned earlier, this maintenance data was o
extracted only from the C-5 reporting éystem, as the C-141
maintenance reporting system doeﬁ'not include data of this
nature. Rather ;han simply "making up" C-141 data, several

arguments can be made for applying the C-S data directly to

.'the'C-;él. First, thel aircraft are very similar opera-

tionally; they share the same mission, '‘environment, and
will be used at approximately the same rate in termg of
flying hoﬁrs pef'aircr ft. Second, both aircraft'reqﬁire
éimilar maintenance as| specified in the MESL (Ref 3);-in
comparing the C-5 and €-141 MESL, many of the categories of
subsystems are common to both listé. Finally,vthe aircraft
are historically simi;ir in terms 6f Not Mission Cépable

Due to Maintenance (NMCM) rates. In 1980, the C~5 averaged
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a 27 percent NMCM rate and the C-141 had a 22 percent NMCM
rate. Because of this parallel nature of the C-5 and c-141
maintenance structure, the model applies the C-§ data to

both aircraft. The code for this data is contained in

events one and two, lines 380 through 920.

Supply. Delay. Supply is an integral part of main-

tenance; without spare parts, many maintenance functions
would grind to a halt. Therefore, the effect of supply
must be taken into account. Although the supply system

itself is fairly complex, its output (from a user's point

‘of view) is simple. Basically, maintenance people are con-

cerned with two factors of supply; first, when will supply
levels reach zero; and second,‘how léng will it take for
unavallable spare parts to become avallable.

The first factor of determlnlng when supply levels
will reach zero 1s a difficult question to answer.. Pres-
ently, supply levels vary based on demand and resupply

rates. However, in the event of war, resupply would be .

‘severely curtailed untilthigher priority cargo (i.e., war

materiei) is moved. To insure thag supply levels aren’'t
depleted too quickly, War Reserve Materiel (WRM) stockpiles
Are maintained. These stockpiles are not hsed_duripg:ﬁeacee
time, but are kept on hand to take up the slack when the
resupply function slows down. Estimates on how 1ong WRM
can effectively take up this slack Qaries—-much deéends on

the aircraft utilization rate (which drives the maintenance
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'demand), and how slowly the resupply system is oberating.
, The only data currently available on this problem deal
'_Ywith Non-Missibn Capable due to Supply' (NMCS) rates. These
| rates, of course, are based on peacetime demand and resupply,
" 'so are not useful in estimating a wartime limit. To esti-
mate a reasénable time to zero supply, then, some assump-
tions are made.
Thé first assumption is that current supply levelé
‘plus WRM will sustain 60 days of peacetime operation.
Second, preliminary runs of fhé,model indicate an approxi-
mate maximum'UTE rate of 16 hours per aircraft (C-5 and
C~141). Given that the.peacetime UTE rate is 1.8 hours
for the C-5 (Ref 18:0P5) and 3.14 hours Eor the C-141 (Ref
.18:0P4), time to zero supply can be determined:
For the C-5:

6.75 DAYS

i

60 DAYS X 1.8 PEACE UTE / 16 WAR UTE

126 HOURS

n

For the C-141: 3
60 DAYS X 3.19 PEACE UTE / 16 WAR UTE =12.0 DAYS

= 288 HOURS'

These ca1c§I$tiohs also assume ‘that the fesupply rate is
‘;ero until the WRM is depleted. o -

" Rather-thén allbw the disparity between C-5 and
C-141 WRM effective time to exist, it is assumed that logis-
»tigs planners havé recognized the~neéd for more C-5 WRM |

due to the artificially low peacetime UTE'ratg (due to
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’structural limitations (Ref 27)). Thefefore, the WRM
depletion time used in the model is 12 days as calculated
for the C-141. Once this point is reached, hbwever,‘the
. model must start to reflect resupply times.

Resupply time is the second output factor of the
supply system which affects maihtenance. Peacetime data
{Ref 18)|forhaircraft grounded while waiting for supfiy in
the CONUS yieldé distribution curves as shown in Figures 12
and 13. These curves will be used in determining aircraft‘
delay while in maintenance due to supply. Of course, not
all aircraft in maintgpance will go NMCS and a wartime NMCS
‘rate is required'for'the,model. Peacetime NMCS rates are
'approximately the same for both aircraft at 5 percent (Ref
18:10G12). Estimating a wartime NMCS rate ié difficult,
but ‘an approx;mate figure can be rationalized simply by
multiplying the current peacetime rate of 5 percent by the
increasglin UTE rate. Again, the C-141 UTE rate will be

| appliéd to both aircraft:

5% PEACE ?Mgg ggigExU%g WAR UT? = 25% WAR NMCS RATE

\

Aircraft Loading and Unloading. All distributions

for loading and unloading times were taken from MAC's
Resource Optimization Mcdel-14 (MACRO-14). While this data
' has not been compietely validated in MACRO-14, it repre-

senté the best data available at this time. Boéh loading
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and unloading times areldependeht on céigo caéegory: bulk,
oversize, and oﬁtsize, -
VCargo loading times are not as sensitive to cargo
category, so one distribation is sufficient'for each air-
craft. Cargo unloading times, however, are'very s,eiisitive
u:cargocaﬁegory (bulk, oversize, and 6utSizu). Befove -
assigning a loading time, ;hén, the fypé nf load must be
determined. The C-141 is restricted to.oniy bulk and over-
size loads. 'Data in MACRO414'indicatés that of the total
bulk aﬂa oversize cargo mo‘ement réquiiement, 26.8'percent
is bulk, and 73.2 percent . .versize. For the C-5, 22.5

percent of all cargo is bulk, 61.5 percent is oversize, and

15 percent is ovtsize. These percentages are reflected in

the model at lines 2150 for the C-141 and lines 2260-2270

for the C-5. The time distributions are listed in Table I..

Because load equipmgﬁt or load crews are employed
to handle the cargo, a distinction must be made between

bargo that ;equires both load'equipment and load crews

(i.e., palletized cargo), or cargo that requires only load

‘crews (i.e., "rolling stock").. For the C-141, 58.6 percent

of the cargo loads'reqqire ;oaafcreﬁs oﬂly, while the-
remainder is palletizé& (see lihes‘4370¥4396).-"F6r the
C-S; 34.8 percent of the'cargo loaés Tequire 1oadbcre;s'
only, with fhe remainder palletized (seé lines 4490-4500).
These figures are deriQed‘fram_MACRO;il.
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TABLE T

CARG? HANDLING

CARGO ONLOAD TIME DISTRIBUTIONS

NORMAL:

NORMAL:

MEAN=
STD DEV=

MEAN=
STD DEV=

CARGO OFFLOAD TIME DISTRIBUTZIONS

c-141
BULK CARGO:

OVERSIZE CARGO

BULK CARGO:

OVERSIZE CARGO:

OUTSIZE CARGO:

NORMAL:

‘NORMAL:

NORMAL:

NORMAL:

oORMAL

MEAN=
STD DEV=

MEAN=
STD DEV=

MEAN= .
STD DEV=

MEAN=
STD DEV=
MEAN=

'STD DEV=

1.3 HRS

.2 HRS

3.5 HRS
.6 HRS

1.0 HRS

.2 HRS

.84 HRS
.2' HRS

. 3.0 HRS

.5 HRS

2.44 HRS
.9 HRS

2.3 HRS

.9 HRS
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Aircrait Cargo Loads. The tons of cérgo an air-

. craft carries is dependent on two things: the weight of

the cargo and the physical size of the cargo. Either of
these factors can limit the amount of cargo an aircraft can
handle.l For example; a low density load may reach the
space capacity of the cargo bay befbre the maximum weight
is reached. From a planning point of view (énd specifi-
cally in this.scenario),‘the cargo loads-of,én airéraft
depend on the type of unit being moved. Becéuse the objec-
tive.of current U.S. mobility strategy is t» double the
size of U;S ground forces' in Europe (Ref 7:201), cargo
loads used in the model concentrate on transporting Aimy
units. There are five types of Army units:conside:ed:
armofed, mechanized, infantry, airmobile, and airborme.
Additionally, loads for Air Force units ére also considered.
Although no priority is Qiyen to any‘unit'type, the model
recognizes that there are, for instance,-mqre mechanized
units than armored units. Specifically, of tﬁe major active,
U.S. Army forces stationed in the CONUS, approkimately 21
pércentrgré armored, 33 bercent‘éfé”ﬁééhanized; 21 perceht
 are infantry, 12.5'percent ;re airmobile and 12.5 percent

are airborne (Ref 15:25). The planned carqoiloadS‘fof each

type unit (see Table II) is taken frum the USAF Airlift
Loading Model (ALM) as described in MACRO-14. Similar load

distributions were combincd in the modél to faclilitate
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TABLE II

PLANNED CARGO LOADS

: . C-141 Load Freq C-5 Load Freq
Unit Type {(Tons) (2) (Tons) (8)
Armored Div ' 36-40 38. 99.5-102 82.5
24-36 - <5 94.5-99.5 1l
17-24 ' 24. - 89.5-94.5 7.
14-17 .5 14.5-60.5 9.5
11-14 33. , '
6-~11 4.
Mechanized Div 34-40 39. 99.5-102 . 82.
' - 24-34 - 22. 94.5-99.5 C 5
11-24 35. - 89.5~94.5 5.5
6-11 4. 14.5-60.5 12.
Infantry 36-40 11. _ 99-102 51.
, 34-36 32.5 89-99 9.
24-34 1. 74-89 2.
16-24 28.9 36-69 27.5
14-16 .1 14.5-36 - 10.4
11-14 17. :
6-11 9.5
Airmobile 36-40 8. ~99-102 9.
34-36 13. 94-99 4.
24-34 - 1. 74-94 3.
19-24 26. 29-69 33.
14-19 7. 14.5-29 51.
11-14 22. '
6-11 10.5
2-6 12.5
Airborne 36-40 " 8. 94102 21,
34-36. 12, 64-69 24,
19-24 ‘ 37. 14.5-44 T 44, .
14-19 4. S ,'
. 11-14 20.
- 6=11 8.
2-6 - 10.
Air Force . o 27-31 12.5 90~-102 20.
: ‘ 25-27 12.5 - 60-90 60.
15.5-25 29. 25-60 20.
13-15.5 25. .
9-13 . 21
- 44
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computer processing time. ‘The computer coding for planned
cargo loads is contained in lines 2390 through 3830. |

Abort Rate. According to.peécetime operational
departure reliability statistics (Ref 18:PF2-1), the C-141
and C-5 have approximately the same home station relia- |
'bility at approximately 85 percent. This figure is
reflected in lines 5000 thréugh 5040. However, at enroute
sfations, C-141s continue to be 85 percent reliable while
C-5s slip to 70 percent ;eliability. These figures are
reflected in lineS'SéSO through 5710 for the C-141, and
lines 5960 through 5990 for the C-5.

Abort Maintenance Time. Abort maintenance -time is

uniformly distributed between .5 hours and 1.5 hours. This
estimate is'pased on experienqe.

Aircraft. The number of C-151 and C-5 aircraft in
the system was arrived at by multiplying the respecfive
force size by .75; éhe entire force is not used because
some aircraft ﬁust be available for ongoing commitments
outside the European Theater. For the C-141 force of 234
aircraft, 176 are used in the model. For the C-5 force of
70 aircfaft, 53 are used in the model.

Airctews. The number oflaircrews is based on.cur-‘

rent authorized crew ratios. The C-5 has a crew ratio

of 3.25 crews pér aircraft and the C-141 has a ratio of

4.0 crews.pei aircrgft (Ref»27;8-14). Tﬁeqevratios include

both active duty and associate reserve ailcrews. Thus,
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there are 172 C-5 aircrews and 704 C-141 aircrews in the
model.l To facilitate crew effectiveness, the model

"initially places half the crews in the U.S. and half in
Europe. This effect would be acccmplishéd.in‘reality by
éssigning more than one crew per European bound aircraft

during the early days of the airlift.

Flight Times. .Flight times to and from Europe
are based on estimates in AFR176.2 (Ref 4). . The critical
leg used is the Dover to Ramstgin leg at 3535 nautical
miles. Average airspeed is 431 knots for the C-5 and 418
knots for the C-141. Average ta11 wind along the route is
39 knots. Between the two aircraft, then, average ground

speed is approximately 460 knots:
[(431+4418)/2) + 39 = 463.5 knots

and the average flight time to Europe is approximately 7.7

houfs:
3535 / 460 = 7.68 hours.’

Variation in winds and aircraft performance is
: estimated at (.2 hours) squared. This yields-a flighﬁ
| time to Europe which is normally dxstributed with a ., mean
of 7-7.houra and ‘a standard deviation of .2 hours; this is
reflected at line 5090. - .
Flight'time from Eurépe to the U.S. is similarly

calculated and can be found on lines 5720 and sooo’as a
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normal distribution with a mean ¢i 9.3 hours and a standard
deviation of .2 hours.

Load Equipment. The number of loaders (i.e., that

equipment which can load pallets onto C-141s and C-5s) is
28 in the U.S. and 28 in Europe. These numbers are esti-
mated.

Load Personnel. The number of load personnel is

based on a ratio of 2.5 load crews per loader per l2-hour-

work shift. With 28 loaders in the U.S., 70 load crews are
available at any given time and 70 load crews are available
in Europe.

Load Availability Rate. This rate determines how

many loads per hour are availayle for loading onto an air-
craft. Because an assumption in this model is that cargo
availability'is nof a fgctor, the nupber of cargo loads
transported per hour is uliimately limited by how many air-
craft can take off per hour. By using a‘12¥minute (.2 hours) -
take off interval and assuming two runways available (repre-
senting two staging area§ in the real system),‘the'load
availability rate becomes: |
S(Takeoffs hdur/runway)Ax;l(loads/ﬁakeoffli

X 2(runways) = 10 loads(bour or .l hours/load.

This rate is refiected in the'modeliat line 4280.

Maintenance Personnel. Liké load personnel, this

humbe: is reduced to the number of crews évailable, Out of

A ﬁotal‘ot>5085 people aqsigned to the mqintenance‘function

. 1’
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(Ref 18:TR22), only approximately 60 percent actually work
" on the line with the aircraft. The other 40 percent are
involved‘with overhead functiong’which include supply
interface, shop work {such as avionics equipment reqycling),
and administrative dufies. Interviews in the field indi-
cate tbat of the 60 percent who do work~on.the liné, only
half of these people do actual repair work, while the reé£
aré involved with routine méiﬁtenance functions (refﬁeling,
crew chiefs, fleet service, etc.). By dividing the 1line
répai: persoﬁnel into 2.5 man teams working l2-hour shifts,
the total numﬁer of_maintenance teams working at any given
time is 305.

Turnaround Time. Turnaround time is a combination

of postflight, refueling, and preflight times. In Eﬁrope,
- turnaround is estimated to be uniforhly distributed between
2.0 and 4.0 hourslfor both aircraft.' This relativeiy
siﬁplg estimation reflects the requireﬁeﬁt of quick turn-
arcund iﬁ Europe and the expectatiqn that most maintenance
will take plaqe'in the U.S. - |

In the v.s., tﬁrnaround-time is different for each
aircraft. For the C-141, pogtfiiéht and.éreflighf are boih
_normally distributed Qith a mgah of .7 hours and a standard
deviation of .08 houfsé fefuelinélis estimated to be uniform
between 1.5 and'2;5‘hqurs (Rgf 17:Cl). These values are
refiected in line 3900 iﬂ the'ﬁodel.v For the C-5, post-

fiight and preflight are both normally distributed with a
48
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mean of 1.5 hours and a standard deviation of .12 hoﬁrs
and refueling is estimated to be uniform between 2.0 and 4.0
hours (Ref 17:Cl). These values are in line 3980 in the

model.

Output Validation

Because this model is .intended to concentrate on
trends within the airlift éystem, a high degree of accuracy
in the numbers the model produces is not requifed. And,
as stated earlier, the model_éealsAwith a scenario which has
not been encountered, as there is no historical data to
compare with data output. 'However, these fﬁcts do not
negate the requirement that the model output be reasonable
in order for any user to have confidence in conclusions
drawn from the model. |

Several pieces of modgl outpuﬁ from the nominal
(élllfactors at presantly existing 1e§els) runs were com-
pared with estimations of~systém capability from other
sources. The comparisons were not testedrfor'statistical
significance, but were used .to judge if the results

'appgared reasonable, much as a Turing test would do (Ref-‘

. 26:29). The results of this outpﬁt validation are listed

- in Table III. The comparisons indicate that all output
data compare favorably with methédologies and sources
unrelated'td the model with the exception of the C-141
‘daily Million Ton Miles (MTM’ capability. However, ;ﬁe
25.7 feréenp difference in this case is due to abdiffqrence
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in the route distance used in computing‘MTM. 'If the same
route distance were abplied to both the model énd‘the
reference data, the‘percent differénce invC-14l MTM wouId
be 6.4 percent. Similarly, C-5 MTM would-rgflectva ~9.9
percent difference instead of the 3.4 percent differepce
shown. | ‘ .

NMCS and NMCM rates‘are also included.in the table, .
though no estimate was found on wartime réées:‘ The high

model NMCS rate reinforces the importance of spare parts

~ supply even with the low NMCM rate produdéd by the model.

The lower model NMCM rate '(as compared to ‘the peacetime
rate) is justifiable because of the reduced maintenance

requirements in the MESL (Ref 3).

Verification

Verification is the process of insuring the modél
behaves the way thebmodeler intends (Ref.26:30).' This
pfocess is accomplished by the use of techhidues based on
statistical theory and hypothesis testing; In ﬁhe simula-

tion model in this thesis;,the probleﬁ of'§erification is

insuring that the various specified distributions are in.

fact prodﬁcihg the desixed distributions. The inherent

capability'oflthe SLAM language is an aid in this verifica-
tion process. The normal SiAM summary report'providesw
data that can be used and the trace option pfovides the
ébi;ity to follow entiéies thrqugh the'netwak and.check
on the distributional vélaésfgsai are being assigned.

n |




Although many distributions are‘called.in the model,
only ﬁhree different types of distributions are used. These
are: stochastic branching, normal, énd uniform. Té insure
that the SLAM program is in fact cor;ectly executing these
distribution types, one representative of each type was
vefified as outlined below.

To test the stochastic branching, the number of
C-141 aircraft needing load equipment and locad personnel
'versus the number needing just load personnel was'examiﬁed.
A test concerning proportions using the norm#l appfoxima‘
tion to the binomial was performed as indicated in Figqure 14

(Ref 28:261~262).

Data: 3349 aircraft, 1963 need only load personnel _
1386 need load personnel and equipment

1. HO: P = .586 {fraction specified in model as needing
' only load personnel)

2. H]: p7# .386

3. Alpha: & = .05 2 = 1.96

4. Critical region: Z < -1.96 and Z> 1.96
5. Computations: n = 3349, x = 1963

2 o X = np _ 1963 - 3349(.586) _
Afnbq AJ3389(.586)(.414) -

6. Conclusion: z is not in the critical region
- .- fail to reject Hy

Fig. 14. Stochastic Verificatiod_
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The normal distribution tested was the loading

time for C-141 aircraft. The uniform distribution tested

was the time for aircrews to accomplish postflight duties

-in Europe prior to entering crew rest. A Kolmogorov-

Smirnov goqdness of fit test (Ref 26:78-79)'was used to
check both of thése distributions. 'The calculations were
performed using an SPSS (Statistical Package for the Social .
Sciences) program (Ref 14:72-74) and a table of Kolmogorov-
Smirnov critical values (26:380). In both the unifprm and
normal tests the null hypothesis is that there is no sig-
nificant differenée between the observed data and that
which would be given by the specified distribution with the

specified parameters. The results are summarized in

Figure 15.
Distribution: o Normal 4'Uniform
Distribution parameters: - "mean = 1.3 min = 1.0
) - _ variance = .2 ‘max 2 1.5
Sample size: ‘ ' 60 35 i
Alphas - | .05 .05 :
, BN ' ' ' [
. , } : v .
Max Qifference.(néa]c); ..107- . 107 | !
Conclusion: ' ‘ fail to fail to |
: reject H,  reject H. |

Fig. 15. Kolmogorov-Smirnov Test Reéult

53




e -ty

s

"- — ‘w;‘.

Using thesé three representative examples and the
reéults of the statistical tests, it is assumed that all
¢ompuuer-generated distributionsfwithin the model are per-
fo;ming as intended.

User-geherated distributions were also checked.

The four distributions are: maintenance time (event one),
maintenance'items (event two), supply delay (event three),._
and cargo weight_(uger function three).‘ Becauvse these dis-
tributions are simply sets of linear equations, statistical
testing metﬁods were not employed. Instead, the linear
equations were succeésfullyvverified by hand célculation.

Another important aspect of model verification is
conyirming that the computer code actually pérforms as it
was intended. To verify the ccmputer structure,.the model
was run with a trace of all transactions for 48 simulated
hours. Foqr:different entities reptesenting the four
combinations of aircraft type (C;141 oi C-5) and cargo fype
(load equipment required or not réqui:e@) wetg followed
throughout the trace; éll fout.entitieS'wére’cotreétl&

handled by the computer code.

Summary .
This chapter detailed the work that was performed
to validate and verify the simulation model. Because there

is no'historical,data to compare model output with, the

- model validation process concentrated on input and structure

. validity. The procedures used to vetify the internal
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workings of the moéel'were also described. The results
from these procedures led to the conclusion that the model
is valid and fﬁnctions properly.

Because the model has been validated and vgrified,
investigation can.begin to determine those factors within
the system which have a‘significant impact on sysfem capa-
hility. The_procedufe used to conduct this investigation

is described in Chapter 1IV.
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IV. Experimental Design

Introduction

Any large or complex system possesses certain fac-
tors or parameters which are more important than others in

regard to system output. In order to test the impect of

these factors, an experimental design must beeeccomplished.

The design chosen for this model is the Zk_grfractioral
factorial design. This deeign investiéates~two levels of
"K" factors in 2 P computer runs; "P" is a number chosen
by the analyst which reduces both the number of requlrec
computer runs and establishes the degree of accuracy of the
:esults,: | |

There are many factors involved with ﬁhis model
(see Figure 16). Some of these factors cau be varied, but

some cannot. - For example, the given flight’time distribu-~

-tion is constant; it can't change because the aircraft's

performance is relatively rigid: Thls type of analy51s
reduces the worklcoad for this experlmental design, but

there are still eight factors in the model which can be’
varied. This would require 28=256 computer runs for a fu114

factorial. In order to choose the factors which have a

chance of proving themselves important to model output,

a preliminary run was accomplished with all factors at .

the values discussed in Chapter III. This ruu indicated
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that the number of aifcrews,'loadcrews, or maintenance
crews weré notllimiting to :the systém.< The remaining
factors afé;. ‘

1. Timé to zero WRM; = .

2. 'Reéupply éime distribution;

3. Number of.airCraft.(C-14l only);

4. Number of loaders; and

5. Load availability rate.

JA full, five-factdr factorial requires 2°=32 runs.,
.Sgch'a'design measures the impaét of each factor and also
all cohbinations of factor interactions. Bedause three-
factor‘interactions are genefally negligible, the size'of
an expefimentél design may be reduced by»'confounding'
factors with interactions of three or more factors. For
>ex3mp1e,.the result of confounding factor A with interaction
BCD is that thg quantified effect of factor A (as calcu-
lated by the experimehtal design) is ébtually a linear com-
bination of the effect of factor A alone and interaction
BCD alore. ‘Therefore, if intéraction,BCD has a neqgligible
effect, thén confoundxng A with BCD does not change: the
calculated effect of factor A.

By confopndinq one factor with the téﬁqining four,
the number of éimulationé required is reduced by a factor.

S‘]"~=24-16. This could be further reduced by

of two: 2
confoundxng two factors with the remaininq three, but the

resultant dCCrLQSV in accuracy is potont\ally excessive
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(this is because two-factor interactions are potentially

significant). The structure of the 2>t

experimental design
is shown in Figure 17. Each facto- will be allowed to
exist in one of two states denoted by "+" and "-"; the

- "=" values will,reflect_the values which ‘exist in £he cur-
rent. airlift system and the "+" will reflect plausible,

future improvements. These improvements will be discussed’

individually (see Figure 18).

"Factor Levels

Time to Zero WRM. Currently, time to zero WRM is

given at 12 days. An arbitrary imptovement factor of two
is applied to give a (+) value of 24 da?s. This would
reflect an increase in authorized WRM and would allow the
airlift system to operate inerendently oflpeacetime supply
dufihg the early critical weeks of a European conflict.

Resupply Time Distribution. The current distribu-

tioh‘is.based on peécetime'performance; In times of war,
however, the supply éystém would have to improve its
delivery gffiéiency to keep up with demand.. Estimatip? .
'how this increased éfficiency wil; occur is difficult, but
it is a factor which cgnndt bevoverléoked. Instead of
changing the delay distribution, increased efficiency is
reflected by feducing delaf ﬁimes‘to 75 pérqent of the>
current data distribution. S

Number of Aircraft. As shown in Figure 18, the-

size ofloply the C-141 force will be changed. This change
, s9 _ :
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Independent Variable - - FACTOR + ‘
1. Time to Zero WRM 12 w2 24 ,
2. Resupply Time Distribution current  *.75  75% current |
3. Number of C-141s 176 . *1.3 229

4. Number of Loaders . 28 1.5 42

5

. Load Availability Rate 10 L/hr *2 20 L/hr

Fig. 18. ' Improvement of Factors

is meant to reflect the increased capability of the
"stretch® C—14lﬁ; The C-l@lB will be able to carry thirteen
pallets of carg§finstead of ten,'represenfing an improyement.
facﬁor 6£ 1.3 times the current capability. To éccurately
reflect the improved airlift capability, new loading data

is required from the ALM. Because this is not yet avail-

able, an increasé in the force size by 1.3 will be used as

.a first-order approximation. Because the number of air-

crews is linked to the number of aircréft} the number oﬁ"
C-141 airéreﬂs must also be increased by a factor of 1.3

Number gg.Loaders." According to the prelimiﬁary

run, the number of loaders in thé'system'creates a bottle-
neck in cargo flow. To ease this bottleneck, the number

of locaders will be doubled in the model.
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Load Availability Rate. The load availability rate

will aiso be improved by a factor of two. The real air-
1lift system could reflect this improvement in the model's
system by upgrading aerial port facilities concerned with
functions éuch as warehousing, pallet handling, and cargo

distribution.

Expected Output

The purpose of an experimental‘desigﬁ is to feveal
those factofs which significantly affect the output of>the
system. A critical aspect of the design, therefore, is to
properly identify the oﬁtput which best reflects the pﬁf-
pose of the system. In the case of strategic airlift, many
measures of system output are applied, such as aircraft
UTE rate, aircraff time on the ground, million ton-miles
flown, and tons delivered (Ref‘IB). ﬁecauselthis model
addresses a wartiﬁe scenario, total tons delivered is the'
most- important measure. This measure will be applied to
reveal f#ctor effects after one month (30 days) of system
Speration. ' ' ‘ .

| Critical facﬁors will be identigied by placing the
output of the‘expefimental Aesigh into an anaiysis of vari-
ance .(ANOVA) algorithm. The results of the ANOQA will
indicat« the significance level of maih'effectévand'twb-.
factor interactions. Generally, three-faétor.interéctions

produce negligible results, so they will not be calculated.
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Data Analysis

In order to determine which factors are sigﬂifi—

cént in the model, a five-way ANOVA using SPSS (Ref 20:410-
422) was perfofmed. The dependent variable in the ANOVA
‘was *total tons delivered aftex 30 days" as shown in

Table IV. The results of the ANOVA are shown in Figure 19.
These results indicate that only two of the main factors'
are statistically significant at the 95 percent c0nfidence
level (i.e.,-alpha equals .05). The two factoré are fac-
tor 1 (time to zéro,WRM) apd factor three (number of C-141s).
éecause factor two (resupbly time) is significant at the
88.9 percent'confidence‘level, another ANOVA was accom-
lplishea. This ANOVA run considered only the first three
factors while blehding the contfibution of factors four and
five in w;th the error. This fuh (gee Figure 20} pushed
the significance of resupply time up to 94.4 percent;
though this is "ciose," it still does not meet the 95 per-
Vcent criteria. Thefefofe, these tests iead to the conclu-
'vsion thaplonly‘factors'one,and three produce significént
‘effects 6n thé system, factors four and five prbduce negli-
'gibie effects, and factor tﬁo produces only a éﬁall effect
on the system. Figures 19 and 20 also indiéat§ that there
are n6 significént two-way interactionsr_ This fact.helﬁs '
confirm the earlier assértioh that there are no signifi— |

cant three-way or higher interactions in the systeﬁ.
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TABLE 1V

OUTPUT ' SUMMARY

B E P IR
.

Run Cumulative UTE Rate Total Tons Delivered
Number c-141 c-5 (Tbousands)
1A 10.63 8.80 140.7
1B 10.99 9.16 150.7
2A S 12.22 . 10.28 164.8
2B 12.19 10.24 167.1
3a 12.03 ©9.02 147.2
3B 11.28 9.10 151.4
4A 12.26 10.31 163.8
4B 12.41 10.35 169.8
SA 10.59 9.05 - 166.6
5B 10.85 9.43 174.8
6A 12.30 10.18 190.6
6B 12.27 10.28 194.8
7A 11.07 9.31 172.4
7B 11.26 9.45 179.3
8a 12.21 10.35 191.4
8B 12.26 10.38 196.0
9A 10.73 8.93 143.5
9B 10.81 9.35 . 149.7
10A 12.38 10.37 166.2
10B 12.35 10.30 168.9
11A 11.16 9.00 147.5
11B 11.24 9.54 154.7
12a 12.37 10.27 166.2

‘12B 12.23 10.26 167.2

13a 10.72 8.99 168.3 o

138 10.91 9.29 175.7

14A 12.17 ©10.29 191.0

14B 12.11 10.15 191.7

15A 10.98 9.05 170.4

15B 11.23 9.21 .177.0
 16A 12.40 10.32 194.0

16B 12.36 10.24 194.8

A = regular
"B = antithetic
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WRY  LOADRATE . R K TR TR
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. C141 ' LOADRATE W15 L e a7 9
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Fig. 19. Five-Way ANOVA
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The effects of‘thg‘various factors are more clearly
displayed in Figufe 21. This figute is a ranked plot of
the totél tons delivered for the different runs madé urder
the regular seeds ("+" symbols) ahd the antithetic seeds ("-"
symbbls). Note that there aré 17 runs plotted; the extra
run (over the 16 runs in the experimental design) repre-
sents the nomlnal" run made. The positive factors associ-

ated with each data p01nt are llsted under the axis ‘for

easier interpretation. For example, on the run ranked

number six, factors 1, 2, and 5 were at ;mproved levels

for the regular run, and pnly'factor 1l was'imp:oved for

the antithetic run. By dividing the plot into four cells,
factor effects are highlighted. The first cell has a méan
of 147,770 tons and represents the nominal runs and experi-

mental runs i, 3, 9'and 11. Because this cell has factors

-1 and 3 at minus-levéls, it is considered the base level to

which any. improvements will be cqmpared; The second cell

- encompasses runs 2, 4, 10, and 12 with only the time to zero

WRM at the improved level. The cell mean'of 166;746 tons
indicates that the effect of increased WRM~alone.résu1t§
inla 12.8 percent improvement in the output. Sim?larly,
the third'cell, repreSénting rdns 5, 7, 13, and 15 with '
only the number of C—14ls'imprdVEd; has a cell mean of
173 069 tons. This represents a.l17.1 percent 1ncrease
over the base levzl. Finally, the fourth cell encompasses

runs 6, 8, 14,'apd 16 with both factors at improved levels.
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This cell mean of 195,037 tons is a 30.6 ercent impgove-
ment over cell one. Another point is brought out by
Figﬁre 21 and deserves mentioning. Note.that within each
cell, there is a tendency for the data points to slope
upward. This may be the effect of factor two (resupply
tima) which was discussed earlier; with the exception of
the second cell, only the elevated end of each cell has

resupply time at an improved level. The effect of chahginq

the time to zero WRM or the number of C-1l41ls is more

clearly displayed in Figures 22 and 23. These bar graphs

show the effect of changing one factor when the other fac-

". tor is held constant at each of its two possible levels.

Even though increases in output can be made by
either changing the tiﬁe to zero WRM or the number of
C-141s, the effect on other parts of the system is not the
same. Table V shows that the éhange.in the numbef.of C-141s
increases the output by ah_average of inS percent wiﬁh no
significant change in the aircraft UTE raté or the average
flying hours per éi:crewi;fCOnversely, the effectiéf |

changing zero WRM time results in a 12.1 bercent average

increase in output, and also creates approximately a 12

percent increase in aircraft UTE rate and average flying
hours per aircrev. This increase results in bTE'rates of

12.3 hours for the C-141 and 10.3 hours for the C-5. . Both |

" of these rates are below the 12.5 hour UTE rate used as a

wartime ﬁlanning factor (Ref 27) and hence should not
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create a strain on the system. The 12 percent increase in
average flying hours per aircrew results in a change from
82-84 hours per crew to 92-95 hours per crew. When average
aircrew flying hours are at their peacetime level of 30-40
hours per month (Ref 18:0PS537-41) ¢ 1 average increase of

10 flying hours per aifcrew will not cause a strain on the

system. However, when flying hours per aircrew are already

AtWice_the peacetime average, an additional 10 hours per

cre does make an impcrtant difference. Wlth the average

flying hours per crew at 82 hours, it is p0551b1e that some

crews will be at or near the maxlmum limit ‘or sach crew-~

member of 125 flyzng hours 1n any confecutlve 30~ day period
(Ref 4:7-1). When the average flylng hours per crew are
raised to 92-95 hours, even more crews will be at or near
;heilzs-hour limit. This means that either some crews will
be anavailab]e'to fly for a period of time, or that the
limit must be waived. whila the';zs—hourllimit can be .°
waived; such a waiver may induca the risk of decreased'

aircrew proficiency due to fatigue. Also, if the 125-hour

limit is not waived, an increase in the average flying hours

per crew in the §ar1y part bf an exéended airlift will have
an effect on aircrew svailability in the lqnggr term. This
ﬁroblem is samewhfc mitigated when the time to 2e:q wam
is reached. At that édint, resuvplv time fequires’aircfaft
to spend r.re time in malntenance and hence the UTE rate

and flylng hours will go down. The contrast between the
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effects of changes in the time to zero WRM and the number
of C-141s pointé out the fact that although output level
is the main criterion being evaluated, the effects on

other parts of the system must also be considered.

Summary
This chapter first described the ekéerimental'

. design and the preliminary analysis which indicated the
factors to be considefeé in the experimental design. Each
factor and the change to that factor w&s described. ﬁext,
the dafa analysis performed after the design was completed
was diseussed. This analysis indicated that: time to zero
WRM and the number of C-141s are statistically significant
factors in regards to Systgm capability; resupply time
appears to have some influence, even though it is not sta-
tistically significant; and thét the number of loaders and
. load availability_rate have no statistically éignifiéant
effect on the Syétem. Further analysis on the signifi-
vcaﬁt factors also shoWedrthAt'changes in these'fabtors
producédldifferént effects on other aspécts of system opera-~
tion.

Based on the data Ahélysis,-severaliconclusions
and recomﬁendatiéns can be made. ‘Theselconciusions and -

' ;écommendations'afe presented in Chapter V.
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V. Conclusions and Recommendations

Summary

Examined in this study was the wartime capability
of the MAC airlift system. Specifically, the capability
of.tﬁe strategic airlift system in support of a war in
Europe is considered.  Major subsystems within the overall
airlift system were idéntified and described, with empha-
sis placed on the ability of thé system to move cargo from
one point to anothef. Using available data for peacetime
operations as a starting éoint, input data for a Qartime
scenario was generated. A simulation model was then
developed to capture the important activities that takel
place as cargo moves through thé system. The model also
identifies those factors ﬁhat ére most critical to system
operation. Various runs of the model were made to detei-
mine the effect on the output by changes in certain parah-
- eters. Analysis of the model outputs allows several con-

clusions to be drawn.

Conclusions

Model Viability. Based on the résults of this

thesis, the concept of approachxng airlift system capabll-
ity w1th a falrly simple simulation model is a viable
;approach. _Although all the detail of the system is not
included; general estimates of system capability can still

.75




ey

be made. In many éases, the value of & small, workable
model that gives approximate results may be worth the loss
of the detail contained in larger models.

Significant Factors. To the extent that the model

poftrays the significant elements &ithin the wartime
strategic airlift’system, the time to zero WRM and the
number of,aircraft'availabie are the factors that have the
most significant impact on system capability in terms of
total tons ¢of cargo deiivered. . If additional WRM is avail-
able, the system capability can be‘increased. However, an
increased demand'islput on both aifcraft,and crew in terms
of UTE rate and flying hours. The caéability can also be
increased by jincreasing the number of'aircrafﬁ and aircrews
available for the specific scénario. In this case, the |
increased capability is achieved without any increased
. demand on individual.aircraft.and crews.
'ggg.ggsg._ The ﬁéevof UTE rate is only an indirect
measure of the capability of the system. The UTE rate and
~——the size of the force must be'conSidered‘togetheflif UTE
rate is to serve as a reliable indicator of system capa-

bility.

Number of Aircraft. Althoqgh the'effécé of
increasinq'oniy the numbef cf C-141 aircraft was considered,
iacreasing the number of C-5 aircfaft available would also
have a positive effect on capability. Tﬁe increase in

the number of C-14ls was designed to téflect the additional

76

XTSRS
'




capability of the "stretched" C-141B. However,‘the nunber
of C-141s and C-5s was initially limited in‘the model to
75 percent of the totﬁl force (the fest beiﬁg‘fequired for
other commitments); Therefore, the;inctease_in the number
of C-141s could also reflect a change in priori;ies and |
the assignment of more aircraf; to the;Eurdpeéh airlift
mission. "Following the same,logic, the humber of C-S5s
could also be increased. The fact ﬁhﬁt ﬁhevnumber of air-
craft has a significant effeétion,the system capability is
especially important because this iéﬁoﬁe factor that can

be changed quickly in a time of crisis.

Recommendations

This thesis is a first step in developing a way'to
consider the wartime capability of the strategic airlift
system as a whdle instead of looking Separately at indi-
vidual-partsf Since it is a first-sfep, there are several
‘areas where further investigation cbhld be made. |

- Number of Bases. Instead of using oneé aggregate

base in the U.S. and. one in-Eurépe; fwo or three basesvin_
~ each area could bé,mbdeled. In the'U.s.[ somé éombihaﬁion
'of gtrﬁtegic ﬁiflift Baseg on the East Co&s; and other
1ikeiy éorts of'embarkation could be modeled. This multiplé
base approach allows for the pdssibility of uneqﬁal distri-
bution of resources and the effect of this distribution on

the system. 1In the same manner, two or three bases in

© s

Europe could bevmbdéiéé td.explore’the~effecté of resource

17




'

‘exist as outlined in the maintenance personnel section of

Chapter III. The implzcatxon 1s that exther less main-

_approached usxng “tons dellvered" instead of UTE rate, a

. division among different ports of debarkation. However,

the value to be gained by modeling additional bases mus;
be carefully considered. This is Because the‘complexity
of the model grows.in an expogential fashion as the number
of bases is increased.

Attrition. Another area for future analysis is the

effect of loss or attrition of resources. This thesis con-

sidered only positive changes in resource levels. In a

wartime scenario, it is not unreasonable to assume that
some resources will be either temporaiily or permgnently
unuseable. This qbncept could be tied in ﬁith the multiple
base approach by censidering the effect of the loss of
resources at one particular base.

Maintenance. The entire maintenance subsystem i

needs more'investigatioﬁ. In developing the model the best
information that could be obtained concerning maintenance
was used. When the hodel was run, ne more than 65 percent .
of the aveilaﬁle maintenance'crews were ever in uSe‘by the

system; however, MAC's authorized maintenance strength does

tenance personnel are needed, or the malntenance require-
ments have not been accurately captured by the model.

Value to MAC. If airlift system capablllty was

dlrect measure of system capablllty would be available.

78




This would enhance MAC planning by eliminating the need

for the t;ansformation betwéeh UTE rate and cargb delivered.
The end result would be a more diréct link between the
input facfors and the'real capability of the airlift sys-—

tem:

Implementation of Results. Based on the results

‘of this thesis, it is recommended that the Military Airlift

Command concentrate its efforts on completing the "stretch"
C-141B program as rapidly as possible and continue its
efforts towards acquiring the C-X. Additionally, supply is
critical to extended airiift operations and, therefore,

should be bolstered to the maximum extent possible.

Comment;

There is a tremendous need to know what to expect
of military airlift under "wartime rhles.r Because actual
exefgises may be prohibitively exmensive,| some of this data

must be obtained from routine, peacetime activity. For

' examble, the need exists to know how often an aircraft will .

require maintenance on MESL systems, how long it will take

to fepair these systems, and what resources are required’
(both ménpowér énd parts) to,effé:t repair. Currently,
data is available only on peaéétimé maintenance, and'not
,enouéh effbrt has been'spent.in»extracfing wartime main-
tenance requirements fromvthis data. Supply'data ié

equally ellusive.




Thé value of this model does not lie only in the
output. The biggest value is the effort behind the model:
the research,; the techniéues useé, and the conclusions
made. It has been said that the greatest value of |
modeling or.simulation is the understanding gained of the
system being studied. Such is the case with this model.
Anyone desiring to use this model in the future would do
weil to use'it as a starting. point to tailqr their own

mcdel to address their own specific needs.
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CEKH1TSO9,CN165399,STCSA,  T7985544HOLCK 4423
ATTACH,PROCFIL, SLAMPRGC ID=AF1T,
FTNySYSEDIT,
BEGIN:SLAN++N=LCOPHD=PHD,PL=18893,

SEOR

—,~ OO

i
102
1R
1

15

B - Xz xRl

PROGRAN MAIN (INPUT:QUTPUT,TAPES= INPUT, TAPES=0UTPUT, TAPET)
DINENSION NSET (22839) '

8133
failg
foiz8
gil3e

#5159
()01

CCNMCN/SCONI/ ATRIB(198)1DD(199) +DOL (183) DTN [T, AFA/MSTOPNCLNR 09173
11NCROR +NPRNT 2 NNRUN ) NNSET/NTAPESS (169) 1SSL(188) » TNEXT, TNOR, XX (1001 93134

COMHON GSET (22044) .
EQUIVALENCE (NSET(1),83ETUIN
NNSET=22349

NCROR=S

NPRNT=4

NTAPE:T

CALL SLAM

§T0P

END

SUBROUTINE EVENT (1)

gd193
gs208
gazie
9822
§9z3

fezad
§9239
#9zee

2} ]

s82c8
9299
ga3in

~ COMMCN/SCON1/ ATRIB(184).DD(198) :DCL(100) DTNOW. 11+HFA.NSTOP,NCLNR 09310
1+NCROR+ KPRNT (NNRUNNNSET NTAPE 1SS (189) 1 SSLALSS)  TNERT THOW XX (186) #8328

COMNGN/EVENTA/CTD1 +CUTEL FLYNS+FLYTS) TD1+TODAY,
ATORNS» TONTSUTES»CTDCTDS+CUTES FLYN o FLYTLy
#T02 TC5, TONNT + TONT10UTEL

GO T0 {142:3:4)41

EVENT 1. THIS 1S USED TO DETCRMINE HOW MUCH TIME

A¥ ACHY iLL REQUIRE WHILE IN'MAINTENANCE.

osaNpr o -

IF (X.LE..%638} ¢0 TO 181

IF (X.LE,.b248) GO TO 192

IF (X.LE..767S} GO T0 193

IF {1.LE..9355) ¢O 10 104

¢C 10 195

ATRIB(3)= X84.31 4 1.8

RETURM ' o

ATRIB(3)=(X-.4433) '# 18.73 + 3.0 .
. 'RETURN

ATRIB(3)=(1-,6249) # 23,62 + 6.0

RETURN

ATRIB(3)=(Y-.7675) # 47,82 + 18,

RETURN - ' ' t

ATrIB(3)=(X-,9355) » 155.04 + 26,

RETURN

EVENT 2. THIS EVENT IS USED T0 DETERNINE HOW MANY HAINTENACE

ITENS (ANDy' HERCE, MAINTEWANCE TEANS) AN ACFT WAS. -

90

§3330
§8240
#8338
90368
#8378
#9388
#0398
L]
fosid
#8428

. G

farg
#3459
19449
e

[T

5490
we
"

"

953
(T
359
(1310
3378
#9538
4599

99443

el

i ety s o i e n o o2 i e ms e o




4 K=DRAND(2)
Ir (X.LE..388) CO T8 zdt
IF (X.LE..T22) GO T0 282
IF (X.LE..761) GO 70 2603
" IF (L.LE..873) GO TO Zd4
IF (X.LE..913) GO T0 295
IF {K.LE..949} GO TO 206
IF (X.LE..966) GO TO 297
IF (X.LE..983) CO TO 248
IF (X.LE..991) GO 70 289

G0 10 210
201 ATRIB(4) = |
RETURN
87 ATRIBWA) = 2
RETURN
83 ATRIB(A) = 3
RETURN
284 ATRIB(4) = &
RETURN '
205 ATRIB(4) = §
RETURN
28 ATRIBUA) = 6
RETURN
201 ATRIBLA) = 7
. RETURN
23 ATRIB(4) = 8
RETURN .
W5 ATRIBi4) = 9
, RETURN
(28 ATRIBI4) = 19
' " RETURN
¢
¢
C EVENT 3. THIS EVENT 15 USED TO DETERWINE HOM LONG AN ACFT
¢ IS DOMN_WHILE VAITING FOR SUPPLY, NOTE THAT SUPPLY
¢ 16 NOT A FACTOR FOR THE FIPST 12 DAYS (238 HOURS)
- C THIS IS DUE TO LOCAL STOCK AND URSK STOCKPILES.
¢
C3+ FIRST:DETERMINE IF SUPPLY IS A FMTORS
c :
3 If (DRANB(B).LE..7S) €0 T0 38
: IF (TNOW.LE.288) €O TO 388 .
¢
CH FOR THE C141 ssenssistenine
¢
IF (ATRIB(2).£Q.2) CO TO 30
X=CRAND(3) :
IF (LLE..098) CO To n
IF (X.LE..330) GO TO 302
- 6070 383
364 ATRIB(S)=2
** " RETURN

n ATRII(‘) (6089.0(1) + 24.)01.0

91

#0625
09639
89649
99450
89648

18678

89658
#3699
#3768
forle

e

8738
19744
#8759

[ 71

97
garce
83799

;
gesgy ¢

gaste
gasze
fas39
f984d
#9536
§3859
#es79
48880
19394
paves
19919
1928
0
#8948
99959
0

Lk
)

f1ies
stsle
L rd
e
fese
1165
01048
s1e7
s1e90
169
s
i
iz
139

nie




RETURN
392 ATRIB(S)=(72.628(1-,884) + 43,1318
RETURN
33 ATRIB(S)= (143,259 (X-,330) + 72,1410
RETURN
¢ :
C#* FOR THE CS Ty e
¢
3 X:DRANDIS)
IF (X.LE..892) GO TO 394
IF (X.LE..233) 60 T0 305
IF (X.LE..323) GO T0 386
IF (X.LE..338) GO T0 397
IF (X.LE..585) €O T0 398
€0 10 349
W ATRIBISI (12000541 + 24,0410
~ RETURN
35 ATRIBIS)=(183.99(1- .62 + 48,091,
RETURN
36 ATRIB(S)=(266.67001-.233) + TZuI81L0
RETURN -
37 ATRIB(SI=(1683.5(X-.323) + 96,0410
- RETURN
ATRIBLS)=(97. 17 01-.330) + 120, 118
RETURN
ATRIB(S)= 57,8380 5851 + 144.)41.0
RETURN

@ W
2 3

EVERT 4. THIS EVENT CALCULATES AND PRINTS DAILY UTE
RATES: CUMALATIVE UTE RATES: DAILY TONS/DAY:
CUMULATIVE TONS/DAY» AND TOTAL TONNAGE ON A
DAILY BASIS. -
o =-=-Ni = CURRENT C141 FLY TINE/TGNMACE

==-N3 = CURRENT C5 FLT TIME/TONNACE

===13 = TESTERDAY'S C3 FLY TIME/TONNACE
- UTE = UTILIZATON (HRS/ACFT/DAT)

Tﬂ = TONS/DAY

BEIPECICICITITIDICIDITIOTD

- IF-(TWU.NE.24.) GO 10 49
- FLINIS,
ToNN1 =8,
FLYNSS,
TONNS =8,
0 TODATSTNGH/2A,
FLYTI=FLING
FLINE=1X(6)
UTEL=(FLINI-FLITD /176,
CUTE=FLINI/176./TODAY
 TONT1=TONNL
TONML =11 (8)
TO1=T0RM1-TONT1
CTO1=TONNE/TODAY

92 -

-==T1 = YESTERDAY'S C141 FLYTIME/TOMMACE

gLise

g11s8

- B1173

§1158
#1199
#1208

#1218 -

s1228
#1233
p1249
#1259
#1263
#1219
g1268
g1298
11389
13
#1328

. N33

#1349
#1359
§1340
#1374
#1384
81399
#lioe
ILH )
sLaze
#1438
fid4g
#1459

flise

LY )
#1489

- 91498

1500
#1319
#1520

. 91530
nsis
M55

#1360
13570

#1569

9159%
#1608
#1619
81620

81438
 pLsap

#1558

U a1sse
e
0680

k. =




FLYTS=FLYNS
FLYNS=XX(T) '
UTES=(FLYNS-FLYTS)/S3. -
CUTES=FLYNS/33./T0DAY

" TONTS=TORNS
TONNS=XX(9)
TD5=TONNS-TONTS
CTD3=TONNS/TODAY

TOTAL=1X(8)+XX(9)

TD=TB1+105

CTB=CTDI+CTOS
481  FORMAT (/o™ DAY “+F3.8:33%+"CL1A1":7X+"CS™)
492 FORMAT (7X,"UTE PAST 24 HRS™»12Xs":"sSReF3.2+300F5.2)
493  FORMAT (7X+"CUNULATIVE UTE™»13Xe": "1F3.2:510F5.2)

434 FORNAT (7Xs“TON/DAY PAST 24 HRS™:8Xs"™: “1F5.8151¢F5.8)
465  FORMAT (7X,"CUNULATIVE TONS/DAY™:8X,": "1F5.6: 5% F3.00

486 FORMAT (7XTOTAL TONS/DAY PAST 24 KRS :*118K:F5.0)
487 FORMAT {7X,"TOTAL CUNULATIVE TONS/DAY :*s10%,F5.0) -
463 FORNAT (TXy"TOTAL TONS DELIVERED")7Y:":*/8K:F7.6)
 PRINT 491,700AY
PRINT A62,UTEL/UTES
PRINT 463)CUTEL/CUTES
PRINT 4841014725
~ FRINT A85:CT01,CTDS
PRINT 496,70
PRINT 487,CTD
FRINT 408, T0TAL
. RETURN
END

o™

FUNCTION USERF(I)

91598
91708
071
01728
#1734
91743
01759
#1759
"
0759
9179
91589
#1810
91829
#1336
91849
g1sse
#1349
#1570
91859,
91899
#1993
#1919
"9z
0933
"

" 81959

()
9970
61958
#1999
2088
"

92028 -

COMMON/SCONL/. ATRIB164) 1DD(184) 1 DL (1681 s DTNOM» L1 oMFA/HSTOP{ NCLNR' 9203
t.m.m.mm.mw.mﬁ.ssum.ssu.(m».msxmm.xmm fziue

€O T0 t1:2:3¢4¢5001
C S N MR S Y H A N MR R0

C ## DETERMINE ASORT MAINTENANCE TINE 3¢
¢ HHHHH R R
| USERF= mmm + .5 '
RETURN . .
C 1IN
C #& DETERMINE OFFLOAD TINES FOR Cl41 &4
C 1NN NN
2 IF (ATRIB(2) . EQ.2) GO TO 22
IF (DRAND({1) .LE..732) ¢0 10 21
C #% OFFLOAD TINE FOR C141 BULK CARCO
_ USERF = RNORM (1.8y.2:1)
© RETURN '
C 4% QFFLOAD TINE FOR C141 OVERSIZE CARGO
U USERF = RNORM (.844.2,1)
RETURN :
L0000 00 0000 0 IR E NI

93

1295
s
un

a2

12099

- §zies

L TAR)
74y

B Ak}
. fUAD

12158

AT

21

. 2188

M
12208

At
en2e

}’J} PEeg v,_ = - snike




C## DETERNINE OFFLOAD TIMES FOR £S5 #¢
CRUIBRBISHME R LR R MM R LR R RIS 4R
Z¢ X = DRAMD{D)
IF (X.LE,.815) G0 TO 23
IF (X.LE..775) GO T0 24

C #& QFFLOAD TINE FOR C5 BULK CARGO
USERF = RNJRM (3.84.5:1)

v RETURN

C +# OFFLOAD TIME: FOR CS QVERSIZE CARGO -

23 USERF = RNORM (Z.44:.9:1)
IF (USERF.LT,,7.0R,USERF.CT.5.8) GO T0 23

. RETURN ‘ .
C # QFFLOAD TINE FOR €5 OUTSIZE CARG
28 USERF = RNORN (2.3:.9:1)

IF (USERF.LT..5.0R.USERF.GT.4.8) GO TO 24
RETURN '

T MMM R M R E O
C %3 DETERMINE CARGO NEICHT IN TONS #4
C MMM R
3 IF (ATRIB(2),EQ.1) GO TO 31
C 2 FOR THE £S5 sissssssssssinrts
© X=DRAND(S) .

IF (X.LE..588) GO TO 41
IF (X.LE..923) GO TO 42
! COT043 '
41 . X=CRAND(4)
o IF (XLLE.L131L) GO TO 411
IF (X.LE..1715) GO TO 412
IF (X.LE..1733) GO 10 413
© €0 T0 414
B 74 =DRANDIT) .
- 1IF (X.LE..2302) GO TO 421
IF (X.LE..3783) GO TO 422
IF (X.LE..5218) G TO 423
IF (X.LE..8172) GO TO 424
IF (X.LE..8349) GO 10 425
IF (X.LE..7221) GO TO 428
€0 T0 427
43 X=DRAND(®) .
<+ IF (K.LE..28) GO 10 431
- IF {X.LE..88) GO 10 432
60 10 433 B
A1l USERF = 414.884(X-3.000)+{4.5
RETURN
412 USERF = 82.78%(X-.11111489.5
RETURN
413 USERF = 733.294(1-.1715)+94.9
RETURN
414 USERF = 3,844(X-,1783)499.5
~ RETURN - ,
- 421 USERF = 42.99%(X-8.649)+14.5
RETURY S
422 USERF = 106.493(X-,2302)429. . °
RETURN

94.;*,¥.T:J,fwail'

#2238
g2249
g2253
#2250
g2z19

- g228
gzee -

#2320

82319

§2328
#2339
82348
82359
#2368
62378
#2368

§2318 -

02409
g2s10
4
02433
2046
p2458
g2ahd
$2478
#2439
82499
#2589

gzs1e

82528
#2330
#2549
#255¢
#2568
62579
1258¢
#2596
2609
1219
#2628
52630

B {31

2659
2864
12878
g2ses

7898 .

12149
e
f2128

N 2k )
82748

92759

01188




R i o it

423 USERF = 132.63#(X-,37851+44,

424

425

424
74
431
432
33

C 42 FOR THE CI41 ssssasssssssan

3

L1

S2

- St

RETURN
USERF = 52.3#(X-.521¢)464,
RETUEN

USERF = 538.53(X-.61721474.,

RETURN

USCRF = 7&,43(X-.65401494,
RETURN

USERF = 18.824X-.7221)499,
RETURN '

USERF = 175.%(X-2.8) + 25.4

RETURN

USERF = 58.3(X-.28} + b8.8

RETURN
USERF = &9.3(X-.38) + 96.9
RETURN

X=DRAND (S}

IF (X.LE..588) GO 70 St
IF (X.LE..692) Q0 T0 52
IF (X.LE..923} GO T0 53
G0 10 54

X=DRANB{6)

IF (X.LE..#943) €O 10 513
IF (X.LE..2156) GO TO S12
IF (X.LE..26821 GO T0 513
IF (X.LE..4765} CO 70 514
IF (X.LE..6135} GO T0 515
IF (X.LE..6938} GO TO 58
€0 10 517

X=DRAND(7)

IF (X.LE..B95} O} TO 52t
IF (I.LE..265) G T0 522

IF (X.LE..266) CO TO 523

IF (X.LE..555) G2 7O S2¢
IF (X.LE..565) C0 1O 525
IF (X.LE..898) CO TO 526 .
€0 10 527 '
1=0RAND(8)

IF (3.LE..1125) €0 TO S3t -

IF (1.LE..205) G TO 532
IF (L.LE,.#15) GO 7O 533

IF (X.LE..479) CO TO 534
- IF {X.LE,.785) CO TO 533

IF (X.LE..795) CO TO 534
IF (X.LE..928) ¢0 10 537
¢0 10 538
1=DRAND(9)
IF (X.LE..219) CO TO 54
IF (X.LE..468) CO TO 542
IF (X.LE..758) C) TO 543
IF (X.LE..875) €O 70 S&¢
€0 10 545

USERF = 125.0(1-0.06) + .8

$2178
#2789
#2798
g2tes
$2518
(Z8:14]

£2339

284
#2858
$2868
62879
#2653
#28%
#2989
82918
#2928
92939
02949
#2959
92968
#2978
#2989
92999
#3898
53516
#2828
93838
#3640
#3859
03549
63878
#3688
93898
93169
n3i1e
03128

#3139
93149
9315
)
N

#3188
3199
#3208
#3218
#3228
#3238
#3248

- #3258
]

#3178

03280

#3299

#3308




524
525
526
521
s
532
533

534

535

536
s
538
st
502
543
s44

ses
© RETURN
: CH!"MN.ﬂl"“l“ﬂﬂ""“ﬂ""

RETUSN
USERF = 16.99+(X-.04) + 11.8
RETURN
USERF = 56.14#(1-.2146) + 14.9
RETURN
USERF = 33.16%4(X-,2682) + 17.8
RETURN
USERF = 72.998(X-4765) + 24,9
RETURN
USERF = 24.918(X-.6135) + 34.9
RETURN
USERF = 13.964(X-,4938) + 34.
RETURN |
USERF = S2.43#(X-0.08) + 6.8
RETURN
USERF = 17.456(X-.095) + 11.9
RETURN
USERF = 20895 0X-.265 + 14.0
RETURN

(USERF = 27.48#(X-.266) + 16,8
RETURN
USERF = 18853 (8-,555) + 24.9
RETURN
USERF = 6.15H(K-,545) + 34,
RETURN ‘
USERF = 36,36#(1-.898) + 34
RETURN
USERF = 35.56¢(X-4.00) + 2.9
RETURN
USERF = 54.05H(K-.1125) + 6.4
RCTURN
USERF = 14.298(K-,205) + 11.4
RETURN
USERF = 90.918(1-.415) + 14,0
RETURN

. USERF = 15.87#(X-.479) + 19.9

RETURN ,
USERF = 18934 (X-.785) + 28.8
RETURN

USERF = 16.864(X-.795) + 34.9
RETURN

USERF = 59,692 (X-.920) + 36.9-
RETURN

USERF = 19.058(X-0.60) + 9.8
RETURN

USERF = 8.08(X-.210) + 13.9
RETURN

USERF = 34,458 (1-.468) + 15.9
RETURN

USERF = 16,05 (X-.758) + 25.0
RETURN

USERF = 32.88(- A75) + 20, 0

63310
83328
83338
8334
83359
#3349
83378
#3338

3399

#3468
83418
83428
83438
83448
#3438
#3368
83478
83488
63490
#3509
83319
83528
#3339
13548
#3559
83549
43578

#3588

83599
#3588
#3618

83529

93539
83640

#3558

#3548
$3579
#3686
§369¢
13708
03714

03712

93759
83744
#3759

6T
03778

#3788
#3799
#3889

- 93819
3829
93833

43549

By il




#EOR

Co+ DETERNINE C141 TURNAROUND TIHE +4
CNunnunﬂnunuun 24303000

¢ o
C++ USERF(4) = POSTFLIGHT + REFUELING + WX PREFLIGHT
¢

4 USERF = RNORM, 7o.l8uﬂ+UﬂFRH(l . S»#HRNDRHI 71.58:4)

RETURN
CHIIRBHBINBINHIIIING

(#3 DETERMING C5 TUSNAROUND TIHE #s
G NI I I
t .
C#+ USERF(S) = POSTFLICHT + REFUELING + FREFLICHT

c T

H USERF= RNORM{1.5:, TSI HUNPRIAZ. Br 4, $1SHARNORAIL .50, 12450
RETURN
END

iTUQ BASE CONCEPT OF STRATECIC AIRLIFT: U.S, 10 EUROPE
i
CENsE X NOLLK+T0BASCO SRUCEDIIZ.’I!?N"N!N.O'N'

LI 11:5: 20003

NfTv !
RES/CL41(176) 43 C141 AIRCRAFY
Resscsisan 2y« €S AIRCRFT -
RES/LENS(28) 433 LOAD EQUIP IN US
RES/LPYUS(78) 145 LOAD PERSONNEL IN US
RES/ACIU(352},53 CI45 AIRCRENS IN US .
RES/RCSU(SM»“ €3 AIRCRENS IN US
RES/LEEUR(28}+75 LOAD EQUIP IN EURDPE
RES/LPEUR(73) 83 LOAD PERSONMEL IN EUROPE
RES/ACIE(3521, 93 C141 AIRCREWS IN EUROPE
RES/ACSE (8614103 €5 AIRCREWS. IN EURCPE

' RESI"P(""S)»IH HMNTEM“CE PERSONNEL

i
SINITIRLIZE THE NODEL FOR USER FORMATTED DATA:
7

CRE24:24;
ACTr e EV4
EV4  EVE, 4
" TERM;

CREATE A NEW LOAD EVERY & MIMUTES

CRE+ 10101}
ACT NG (1) LT, 1,8513
LT NQ(2) LT 1,482;
AS1  ASS/ATRIB(2) =1}
ACTorrALeL;

-y we w

o%ﬂ' FOR A CI4f. 4147 UILL REQUIRE L0AD. EQUIPHENT

M41 ﬁUMthHl 1Y
© ACTr0.5861R535

97

#3554
#3548
$3578
3588
#3808
#3988
13918
#3028
#3938
13948
#3958

Y%

#3978
83928
83098
140

§i628
#4638
#ibtp
#e058

Hew
0o
. B

disve
8108
sei1g
A
F138
(L]

BN

P14
M
shics
88195
Heos

4t

#ezs
#2380
Hug
#1259
L1
fz7e
#H2ey
1741
3

#4308

$6328
335
L L
#1358
#2348

"8

e e e e o - .




AC749 . 4140858

8351 ATRIBL3N =3 ATRIB (4 =RNCRMA L, 30 20 XKLL} =KX (1) ¢ 13
ACTrreALRY

ASSHATRIBI3) =, 1/ ATRIB (&I =RNORN (1.3, ., 2) 2 XX (2} =XX{2) 41}
ACTy1rALES

ASSHATRIBIZ) =2}

ACTor 18057

i
wWALT FOR A €5, 63.2% WILL REQUIRE LOAD EQUIPHENT

1]
ALS
A53

AS6

ARRID) $£5/ 1014

RCT1+.632/A857

P40 .33808564
AS5,ATRIB(3)=,1+ATRIB(4) =RNORM{3. 51,4} ¢ XX (31 =KX (3] 415
ACTs 1 afALES

ASSHATRIB(3) =B ATRIB(4) =RNORN (3. 51,81 1 XX (4] XK (4} 41}
ACTy1sALPY ‘

¥
{HAIT FOR LOAD EGUIP

i
ALE

»
]

ALp

> wma

AMAL3LILEUSI L L)
fCTrALP3

i .
iWAIT FOR LOAD CREW

AUALRLHLRUS/ L 17

JACCOUNT FOR LOABING TINE. ATRIB(4) IS LOADING TIME» ATRIB(3)

15 THE TINE 17 TAKES THE LE TO CET 7O THE ACFT.

fLE
fLe

LR
. CIRC

AFTER FREEING LE AND LP» ACFT ARE READY BITH CARCO

ACT+ATRIB(3)+ATRIBIY) §
600s 13

ACT1ATRIB(3) NE.0,FLE;
ACT1HATRIB(3) EQ.8.FLP}
FREILEUS/LS
ASSHXXA5)=5X(5) +1}
FRESLPUS/ 1413

ACT1ATRIB(2) .EQ. 1,C1RCS
ACT+1+C2REH

COL»INT(1),C141 CARGO READY:
ACTy 1 ACILS '
COLvIRT(1)4CS CARGO READY?
ACTsv9ACSUS ) :

f ,
IWAIT FOR Ci44 AIRCREWS
{ .

acty

ANR(SHACIU/LS
ACT119ASTH

; .
IWAIT FOR C5 AIRCREMS -

1
ACSY

AWALH) oACSU1S
00T+ 1AST3

98

AND NEED AIRCRENS:

84338
84399
B4488

o L)) ]

g4429
84438
peap
84459
Bh469
g478
Bi4cs

- B3avd

#4589
84519
#4524
#4338
84540
85559
935458
94578
#4588

44598

B4688
#5618
84629
84638

84639

#4638
gib68
#3678
14589

[ 117

4788
wiu

T

$4738

(LI

#4758

L] T

"

- 78

979

fen
psis
- 84828

24838
gases
94358
$4848
§1878
94339
g48%
199

4918




$START CREW DUTY DAY 2 HOURS BEFORE R REPCRT T0 AIRCRAFT, THIS
ACCOUNTS FOR CRE4 ASSENBLY» BRIEFIN. ETC.

4 .

AS7  ASS.ATRIB(S)=TNON-Z.8i
ACToUNFRN(L.8:1.3)4
GOON+ 1§

H

1151 GF THE AIRCRAFT WILL REQU[RE PRE- TAKEOFF FAINTENANCE.
+TINE DELAYED = USERF(1},

H

ACT1 . 83,4584

ACT:USERF (1)1.15,A58}

FFLICHT TINE 70 EURCPE. ANOTHER LOAD OF EREADs BLANKETS AND
FEULLETS FOR'THE BOYS AT THE FRONT,

1

AS3  ASS:ATRIB(4) =RNORM{T. /¢ .20
ACT,ATRIB(4) 1. C0Zi '

COZ COON: 23

tTHESE THO STATEMENTS FOLLOW THE AIRCRAFT FOR UNLOADING)TURNAROUND:
1AND FLICHT BACK TO THE US. (SEE "AIRCRAFT ROUTINE IN EUROPE")
i
ACT+1ATRIB(3) .EQ. . 1 ALEE?
ACT++ATRIB(3).EQ.0:ALPE}
$THESE THO STATEMENTS FOLLOW THE AIRCREW AFTER LANDING. CREWS
360 THRU DEBRIEFING» ETC., THEN ARE ALLOWED 12 HOURS CRENREST
EEFORE BEING MADE AVAILABLE AGAIN.
H
RCT!UNFRN(I.le.S)vATRlB(Z).EQ.I»CUI?
ACT URFRN(1.8+1.5)ATRIB(2) ,EQ.2:C02¢
C01  COL,INT(S).C141 DUTY DAY ' :
ASS: XXL6)=XX(6) + ATRIB(4}+XX(8)= KX(8)+USERF(3)1
actr12.89
FRE/ACIE/ ]
' TERM}
€02  COL»INT(S)CS DUTY DAY} .
ASSIXX(TI=XX(7) + ATRIE(&)4XX(9)= ll(?'*USERF(3)v
ACTo12.6¢ .
FRE.ACSE/L . -
TERN} )

vAIRCRAFT ROUTINE IN EUROPE:

ﬂLEE ARA(T) LEEUR/1S
ACT+ 0 0ALPES
ALPE AUA(8)LPEUR/LS

T .

iUNLOAD THE ACFT

i : T

: RCTIUSERF (2 oCRTT
607 COOMiti S

p4929
84938
#4949
#4958
84960
84979
#4980
#4990
85960
@581
#5829
§5439
85849
85859
85869
5679
85888
95899
§5169
LR Y
85120
#5133
#5148
#5159
85148
#5178
#5180
#5190
85288
#5218
5228
85238
#5240

45259

| {1
5213
#5268
#5298

#5388 .

05318
95320
05330
15340
#5354
95349
05370
15359

§539-

#5408
#5419
#3428
#5439
85443
#5459

N Ao A" P WS e b




ACT++ATRIB(3) ,EQ. .1, FLEES ' 83464

#3878

ACTy+ATRIB(3) .EQ.8,FLPEY 85470
FLEE FRE/LEEUR/1} ‘ _ ) #5438
ACTy 0 oFLPES . . #5498
FLPE FRE,LPEUR/1H : §5508
COL!INT(I)vTRA‘SIT TINE} ' . ' #3518
? 65524
1AFTER THE ACFT ARE UNLOADED. SEP&RRTE THE C141S FROH THE €38 §3539
FAND PREPARE FCR THE RETURN TRIP. #5348
H : ' #5558
ACT..ATRXB(Z).EG.I-CU«: #5548
ACT ATRIB(Z) .EQ. 2604} 05578
G0S GO0y 1Y ‘l"il‘i‘ll"'“Qii"'lli'i{'i’*'““m’*mmﬁmim**" 85538
] ' #5399
vTHlS RCTIVIT‘ INLLUBES POSTFLIGHTs REFUELINGe ANU [} PREFLICHT OF C1415 85588
H #5619
ACT/UNFRM(Z.0:4.8) ' 85628
H _ ’ 65628
"NOW WAIT FOR A C141 AIRCREM. i #5648
' = C #5638
AUA(S) 1 ACIE/ 015 15648
i ' #5678
1ACAINy 151 OF THE C141S REQUIRE SOME PRE TAKEOFF MAINTENANCE. 93488
H . §5699
ACT/UNFRM{.3+1.5)+.15/A813% 85706
ACT»1.85:A518% _ ) ' #5718
RS1# RSSIATRIB(4)=RNORM(9.3¢.21+XX(8)=XK(6) + ATRIB(4)415 85128
H . ' - #9738
tFLIGHT BACK TQ THE US, . #5749
T ' . Y, 85759
ACTHATRIB(&) & . ) 85768
’ . : o . 05778
AFTER 13,5 HOURS: CREWS ARE NADE AVAILABLE FOR US-TO-EUROPE . . 95788
FLIGHTS. THIS INCLUDES 12 HOURS FOR CREWREST. . ' #5739
- ‘ v : ) 65834
€00, 27 . B : . 43818
ACT13.5:oFALUG . v ! #5828
ACT 1946033 ' 95838
FAIU FREACIU/LG . : - 45840
. TERN} ' ' #5854 -
m co0| 1% ""’".mm’m.‘.mmm“'mm““.m #5868
-'17“13 ACTIVITY INCLUOES POSTFLIGHT, REFUEL[NCO AND X PﬂEFllGﬂT OF €SS #5988
H #3898
. ﬂCTUUNFRﬂ(Z."‘ ')l S - 15999
i o ) #5918
H HAXT FOR & C3 AIRCREW. S ) . #5928
' : _ ‘ #5938
ARA(19) (ACSE/ L1414 : : ' $594¢
H S : . C 859
fHERE, 38 OF THE C3S REQUIRE SONE PRE-TAKEOFF MAINTENANCE. _ 15949
| ) ’ . : 15978
ACToUNFRI(.S01.5) r 30ASLLE . . ' #5789
T ACTee ThASLDS : " #5998

N . ’
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ASI1  ASSrATRIB(&)=RNCRM{9,3¢.2) 1 XX(75=XX(T7) + ATRIB(4)413F
; '
iFLIGHT BACK TO THE U<,
i .
ACT,ATRIB(A) S

H
1AFTER 13.5 HOURS: CREWS ARE MADE AVAILABLE FOR US-TO-EUROPE
1FLICHTS, THIS INCLUDES lZ‘HOURS FOR CREWREST.
H

€002

- ACT+13.5:9FASUS

ACT 1106033
FASY FRE.ACSU/G

TERM: ‘
ITHIS STREAM FOLLOWS THE ACFT. S4T CF THEM REQUIRE NO MAINTENANCE
1AID ARE MADE AVAILABLE FOR FLIGHT (GO4). THE OTHER HALF KUST
#C0 THRU MAINTENARNCE AS | JLLOWS:

€03 COCNe1é
ACT+9.5:008}
ACTyr.S9EVLH
i 1. DETERNINE MX TIRE
EVL  EVEslS
H 2. DETERMINE WX PERSONNEL REQ'D
EVEs 23 :
1 3. DETERMINE DELAY DUE TO SUPPLY
' EVE, 3§
ACT/1:ATRIBIS) v 1 ANP}
ANP  ANALIL) HNP/ATRIB(A) ¢
ACT/2,ATRIB(3)§
FREMP/ATRIB(A) §

FAIRCRAFT TURNAROUND AND RETURN T ACFT RESOURCE WHERE_IT
WAITS FOR CARGO (SEE BECINNING OF NETWORK),

1

€04 COON. 17
ACT.USERF (4) 4ATRIB{2).EQ. 11F 1415
ACT/USERF (3) vM’RlB(Z) EQLECST

' 'ONCE THE ACFT IS FIXED, IT IS BADE AVRILABLE FOR USE.

Fl4l FRE,C141/15
TERH{
FC3  FRE.CS/M
TERR:
END}
INIT. 07204
SEEDS,- 12437732291.957(1)o-3467l33363389(1)|‘79654463614381(3)|
SEEDS:-18417023213681314) ¢-28083302993588515) o~ 147959512963949(8) §

. SEEDS»- 123894583854829l7)0-15l471775663723(8)|°2278747§6721917(9)|‘

SEEDS,-B2174877946221(19) §
NONTRSUNRY 124,024, 7

TINST XX(11C141 WOUT LES
TINST XX (2).C141 WITH LE: .
TINSTAXX(31+C3 WITH LEI

. 101

#4369 -
#4810
#0628
0839
9649
859
#6859
#6978
04958
8669
06198
go11e
9128
96133
$6148
#4150
#o168
%179
96139
96199
s6200
s6218
so228
91230
86249
#6258
#5268
95278
#6280

46299
#8398

06314

#6328

§6338

§6348

. 86358
© 86348
#4378

#6388

8639

gs400

fosie

foize
6430
L]
15458

1]
" o488
#5499

< 98518

96520

s

N6 v gt




1R

TINSTIXR(4)+CS WOUT LES
TINSToXX(5) | NUNBER LE FREEDi
TINSToXR(6)sC141 FLY TINES
TINSToXX(7),CS FLY TINES
TINSToXX(8)1C141 TONNAGE}
TINSToXE(91+CS TONNAGES
FIN

#6540
86354
§6558
 157] ]
§6588
#4508

L
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- Appendix B
Glossary
1
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ALM--Airlift Loading Model

Bulk Cargo--Any cargoc that can be léaded on a 463L pallet
without exceeding the useable d1mensxons of the

pallet
MAC--Militarv Airlift Command

MACRO-14--MAC Resource Optimization model number 14; a large
eimulation model of the MAC airlift system

NATO--North Atlantic Treaty Organization
NMIM--Not Mission Capable due to Maintenaace
NMCS--Not mission Capable due to Supply

Outsize Cargo--Cargo that exceeds the capability of a C-141
aircraft and requires thz use of a C-5 aircraft

Oversize Cargo--A single item that exceeds the useable dimen-

sions of a 463L pallet
SLAM--Simulation Language for Alternative Modeling (Ref 21)

UTE Rate--Aircraft utilization rate; average flying hours
per day for all aircraft being considered

,WRM—-War Reserve Material; critical aircraft spare parts

that are malntazned in deszgnated war reserve
spates kits
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