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ABSTRACT

The study reported in this paper focuses upon the computer simulation of the oper-

ational needs of U.S, Air Force units.

The model is used to determine support re-

quircments for wartime operations and to assess a unit's ability to sustain those

operations.
Kit stockage requirements,

T. INTRODUCTIOM

The watchword in today's U.S. Air Force is readi-
ness! The concern with the Air Force's readiness

to meet the Soviet threat in Europe has spurred a
number of studies to assess capability and aid man-
agers with the decisions to enhance capability.

The research reported in this paper was directed to-
ward developing a method to asscss a key element in
the capability of the Air Force to meet its wartine
threat.

In preparation to meet this threat, each Air Force
flying unit is provided an inventory of spare
parts to support the war effort during the initial
critical stages of conflict. These inventories are
called Har Peadiness Spare Kits (HRSK). The deci-
sions about the number and tynes of items to stock
are complex. Unit commanders are responsible for
these complex decisions.

Estimating the capability of a lIRSK to meet the
threat has become a problem because the YRSK usu-
ally is not fully stocked. Stockage problems

occur because MRSK assets are used to supplement
depleted base supply stocks if the assets will

make an aircraft flyable. The effect of these as-
set withdrawals on the HRSK's capability to support
a war is difficult to assess under the present
evaluation systen.

The present method of assessing capability depends
upon an "aggregate percentage" approach. Under
*kis method, the percentage of components actually
available to those required is determined. This
percentage is then egquated to one of four cate-
gorical ratings which are intended to reflect a
hierarchy of support capability. For example, a
category I rating is given for a 90-100% fill rate.
A local commander has the authority to change this
rating based on a subjective appraisal to the im-
pact of the accumulated shortages on the unit's
capability. :

The model used tn illustrate the concept is of a Har Reserves Supply

The rating system has received considerable criti-
cism. A common question asked is, what is the
correlation between an aggregate percentage and
combat capability? Critics maintain that the quan-
tity and nature of specific line-item shortages
should be the primary evaluation consideration, not
the aggregate percentage of available assets. An-
other criticism is that even if the aggrejate per-
centage is used, what does a categorical rating
reaily mean? Can the YRSK in question support the
nlanned wartime flying hour program for two weeks,
a month, or two months? To study the problem and
provide an evaluative vehicle, a simulation ap-
proach was taken. The research process and re-
sults are presented in this paper.

2. METHODOLOGY

The first step in the research process was to ex-
plicitly define the objective of a WRSK evaluative
device. Simnly stated, the device should measure
the ability, over time, of a YRSK to support a war-
time flying hour program. To meet the objective,
the factors that effect the ability of a unit to
meet the war program must be defined. The factors
which affect URSK capability, however, are not
easily exposed. This stems primarily from a dif-
ference between the assumptions necessary to de-
velop the HRSK and the assumptions about a wartime
operation. For example, the current YRSK computa-
tion process does not consider battie damage or
aircraft attrition while both are strong possibili-
ties. Likewise, the computation process assumes
that all parts in the YRSK are equally important
and completely interchangeable between aircraft.
Experience indicates otherwise. As a result, the
simulation device developed evaluates the WRSK
against the assumptions used to develop the kit.
The structure of the device, however, has been de-
signed to accommodate the additional information
about wartime factors as well as the peacetime
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development information.
3. MODEL STRUCTURE

To simulate the actual process of using YRSK assets,
the model structure illustrated in Fiqure 1 was de-
veloped and programmed in FORTRAM. FORTRAY was
chosen because of the necessity for programming
flexibility. The information required to drive the
model is listed in Table 1. After this information
is initially reviewed, the simulation model goes
into a daily routine. At the beginning of each day,
repaired items (those items repaired at the unit)
are returned to the WRSK. Next, the aircraft sta-
tus is reviewed. If all aircraft are Fully Mission
Capable (FMC), the program moves directly to a fiy-
ing operation subroutine. Otherwise, the program
evaluates the shortages on each Not Mission Capable
Supply (NMCS) aircraft against the items stocked in
the URSK. If the shortaaes on an aircraft can be
completely satisfied, the aircraft becomes flyable,
and the program returns to reevaluate the status

of the remaining MMCS aircraft. After all of the
MMCS aircraft have been evaluated against the URSK,
the program then moves. into the cannibalization
(removing a part from one aircraft and using it on
another aircraft) routine. Each of the MMCS air-
craft are compared with the other MMCS aircraft to
detersiine if its shortages can be provided through
cannibalization. Eventually, the program reaches

a point where all unit assigned aircraft are either
flyable or none of the remaining MMCS aircraft can
be repaired. At this point, the program moves in-
to the flying subroutine. A
INFORMATION
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TABLE 1
Inputs to Simulation Model

URSK Data File®

Mumber of aircraft being supported b
Maximun sorties allowed per day per aircraft
Sarties or flving hours required per day

Number of days being evaluated c
Grounded aircraft and their shortages {optional)

Aconsists of stock number, consumption fact-
ors, repair time (if applicable}, and other as-
sorted ‘information on ecach of the several hundred
jtems in a YRSK.

bA comuonly accepted figure for fighter air-
craft is three scrties per day. This input es-
sentially serves as a timing mechanism for daily
maintenance and servicing actions.

“This input allows the unit to assess capa-
bility at a specific point in time. Grounded air-
craft could be used as a source of parts.

Several actions take place in the flying routine.
If aircraft are available and the.required number
of sorties has not been flown, each aircraft is
jndividually launched on a mission. tthen the air-
craft lands, each item on the aircraft that is
stocked in the URSK is checked for possible fail-
ure. Yhen: failures can be satisfied by the MWRSK,
the URSK quantities are appropriately reduced.

1f all requirements are met by the LIRSK, the
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Necision Logic for Proposed YRSK Assessment Computer Program
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aircraft returns to the flying rcutine to fly the
next round of sorties. If all requirements are
not satisfied, the aircraft goes into a cannibal-
ization routine. If a part can be provided by
cannibalization, the aircraft becomes FMC and re-
turns to the flying routine for the next round of
sorties. If not, the aircraft becomes Mot Mission
Capable Supply (WMCS) and the program returns to
the flying routine with one less FMC aircraft for
the next round of sorties.
FMC aircraft have flown a sortie, the program de-
termines if the maximum number of sorties per air-
craft has been flown. If so, the program moves to
the bejinning of a new day and repeats the daily
process.

4. MODEL OUTPUT

The output duplicates the type of information that
would be necessary to management if a unit was
using its VRSK to support a wartime mission. The
information includes the cannibalization rate, the
repair rate for critical parts, parts use rate,
and the sortie flying rates. The model collects
several other pieces of data which are not rou-
tinely output but which can be nrovided on demand,
Of primary interest to a commander is information
that reflects a unit's ability to meet its wartime
commitment. Such information is depicted simply in
a graph such as the one shown in Figure 2.

After all the initially

245

The significance of a model depends on how
well it serves its purpose, The purpose of . . .
models is to aid 1n designing better management
systems. The final test of satisfying this purpose
must awit the evaluation of the better management
+ +« . . The defense of a model rests primarily on
the individual defense of each detatl of structure
and nolicy, all confirmed wher the total behavior
of the model system shows the performance character
istics associated with the real system [2:115].

5.1 Validation

In the validation effort, the WRSK samnles of a
nine aircraft RF-4C Phantom cell and an eighteen
afrcraft F-4D Phantom squadron were compared with
the "established support" (number of FMC aircraft
at end of 30-day period) expected from the WRSK
authcrization system.

This "established support" is depicted in the mod-
el by a confidence interval representing the number
of FMC aircraft available on day thirty of a war.
The use of a confidence interval to predict FMC
afrcraft agrees with the random possibility for the
failure of varts. Confidence intervals obtained
from the nroposed model included the expected val-
ues obtained from the URSK computation system.
Using this method, the model output matched system
historical output at the 95% confidence level.
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Figure 2, Graph of Support Canability of WRSK

Tﬁe graph provides an estimate of the support capa-
bility of a WRSK. Production of such a graph meets
the key objective of this study,

In another section of the output, information about
the importance of specific items limiting the sup-
port capability of the URSK is portrayed. This
section of the output allows a logistician to rec-
ognize the more critical shortages, Stocking de-
cisions for these assets can be made to eliminate
shortages. The information about repair rates
provides the unit commander with essential infor-
mation about the wartime maintenance work load.
The reliability of this output is discussed in the
next section.

5. MODEL RELIABILITY
Hork with the model was concerned primarily with

validating and verifying its structure and opera-
tion. As Forrester stated,

6.2 Verification

The model was verified by tests run under a vari-
ety of circumstances, The emphasis in this area

of the model's evaluation was to determine if the
model behaved as expected, There were numerous
experiments which could have been accomplished in
this area, but experimentation was limited to test-
ing the model against the purpose for constructing
it--assessment of a WRSK,

The first area of experimentation, therefore, in-
volved a comparison of the capability of a full
URSK against the capability of an incomplete WRSK.
The intuitive response expected was for an incom-
plete WRSK to provide Tess support than a complete
WRSK,

The basic test was conducted in a realistic manner
by operating the model with several of the actual
shortages experienced by two RF-4C units and one
F-4D unit, Two different series of runs were
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required to determine if the shortages caused a de-
crease in capability. The first series of runs de-
termined the capability of a WRSK with 100 percent
of all items on hand. The second series of runs

determined the capability of a WRSK with shortages.

The results on all samples showed that as shortages
increased for specific 1ine items in the WRSK; cap-
ability decreased. The complete results are too
lengthy to present here. The tests did produce
what was expected. Consequently, the model is
judged to have veracity. The validation and veri-
fication of the model mean that the output is use-
ful as an analytical tool in assessing capability.

6. SUMMARY

The purpose of this article was to explain a simu-
lation-study approach of U.S. Air Force capability
assessment. The study area represents a contempo-
rary management issue affecting all unit commanders
of flying units ecuipped with WRSKs. The model
does havé promise for removing portions of the sub-
jectivity froii the present URSK evaluation system.
The effort, and the method used to remove the sub-
jectivity element, may be applicable to other man-
agement problems. Use of thc model in flying units
is now being assessed by Air Force logisticians.



