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Traditional measures obtained from the application of theoretical inventory
models do not provide detailed information on the ability of multi-echelon,
reparable item inventory systems to maintain their supported machines in an

operational status.

r Monte Carlo simulation techniques are applied to obtain
estimates of the operational status actually attained.

An advantage of the

simulation techniques is that they do not require all the strict assumptions of

the theoretical models.
Pegjen is used for this analysis.

1. INTRODUCTION

The objective of this paEer is to determine the
operational status of a large-scale refarable
item inventory sKstem where the spare levels are
established by the Multi-Bchelon Technique for
Recoverable Item Control (METRIC). The use of
the METRIC to establish the level of spares
needed does not assure that the number of
supported machines remains at the established
level. The traditignal measures Erovided in
inventory analysis (expected shortages, etc.) are
indices of su§€1¥ behavior and do not éirectly
answer how we he maintained machines are
supported. Additionall{, certain assumptions
required by METRIC models are not met in
operational systems. Monte Carlo simulation is
apglied to estimate the operational status
actually attained within an operational inventory
and repair system an etermin e effects on

d repa yst d to det e the effect
the operational status of relaxing strict

e

assumptions of the theoretical models.
The Eaper consists of four sections. In the
firs

section, the concegtual model of the system
is presented and analyzed using the theoretical
models cited in the literature. Based on the
conceptual model, a network simulation model is
developed and used to analyze the operational
status’ of the system. Next, the results of the
simulation analysis are analyzed to test the
hypothetical effects of relaxing theoretical
assumptions. The final section presents
conclusions and suggestions for future research.

2. CONCEPTUAL MODEL

The system used as the basis for this study
supgorts the inventory and reFair of the missile
guidance sets ?MGSS? for the Uinuteman IIT
missile force. The MGSs are characteristic of
reparab}e items -- they may be repaired upon
failure' and returned to a serviceable
condition. In fact, this is a closed system
since no new MGSs are being purchased. The
system is illustrated in Figure 1 as a
hierarchical maintenance and supply suggort
system where defined locations have bo repair
and stockage capabilities.

The lower echelon in Figure 1 represents
Strategic Missile Wings, which will also be
referred to as base-level facilities. BEach wing
is normally composed of three squadrons, with
each squadron containing 50 missiles. the
operations of a base-level facility are detailed

IThe term “"failure" includes degraded performance.

The SLAM simulation language developed by Pritsker and

Note that only one of the three

in Fi 2.
SAuadons The other squadrons have

squadrons is depicted.
identical operations.

The monitoring of the MGSs is performed at a
squadron launch facility. When a failure is
-detected within a MGS, a maintenance crew is
‘dispatched for on-site insFectlon of the missile.
Ten percent of the failed lMGSs are returned to
operational status within one to two and a half
‘hours. Ninety Eercent of the failed MGSs require
‘replacement with an operational unit.

Operational MGSs are obtained from base supply
and the defective unit is removed from the
missile and sent to base maintenance. The total
time necessary to requisition, replace and
transport defective units ranges from ten to
eighteen hours.

At the base maintenance facility, defective MGSs
are inspected. Minor repair can be performed at
the base-level facility, with the MGS returned %o
supply within 1 to 1.5 days. However, 97 percent
of %he MGSs cannot be repaired at the base-level,
and must be forwarded to depot-level maintenance
facilities where more sophisticated equipment and
highly specialized technicians are available.

The time for storing and transporting inspected
1GSs to the depot ran%es from ten to twen ¥-f1ve
days. When a MGS must be sent to the depot for
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Figure 1. General Flow of Missile Guidance Sets
Through the Multi-Echelon Maintenance and Supply
Support System.
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Figure 2. Detailed Operations in Lower Echelon
of Maintenance and Supply Support System.

repair, a replacement unit is requisitioned from
the depot-level supply facility. Approximately
five to ten dags are required to ship the
replacement MGS to the base supply facility.

The upper echelon in Figure | represents_the
depot—fevel maintenance and supply facilities. .
The operations of the depot-level facilities are
depicted in Figure 3. pproximately ten percent
of the defective MGSs may ge returned %o
operational status after major adjustments
pequiriné three to seven days. Seventy percent
of "the MGSs are classified as "repeat fallures",
requiring ten to fourteen days repair time. Ten
percent of the MGSs are new or infrequent
problems, and require fourteen to twénty-one days
repair time. The repair times for the later

ca eﬁories assume that replacement parts are in
stock. If one or more parts are not available,
an extra repair time of fifteen to twenty days is
required to order and receive the Earts.
Approximately ten percent of the MGSs requiring
repair incur the exira repair time. Since the
depot maintenance facilit{ and the depot supply
facility are geographically separated, an
additional ten to fourteen dags ig required to
ship. the adjusted and repaired MGSs to supply.

Each missile sguadron is required to maintain 49
migsiles in an operational mode 4o maintain its
operational status. Hence, the measure of
effectiveness for this system is the operational
status of the squadrons. The inventor{ problem
is to determine the minimum stock levels for
sgare MGSs at each basgvsugﬁly facility and at
the depot supply facility that maintains a status
of 49 operational missiles.

The METRIC provides a methodology for computing
optimal stock levels in a two-echelon inventory
and repair system. The METRIC was originally
developed by Sherbrooke and is, discussed
exten51velﬁ in the literature. This model
requires the following assumptions:

a. The demand for MGSs at base "j" follows a
compound poisson process with rate?ﬁ. The
demand at each base is assumed to be
independently and identically distributed
according to a compounding distribution with mean

fa.
J
b. The probability that a defective MGS can-

be repaired at the base facility is rs.
Hence, the grobability that & defectife MGS must
be sent to the depot facility for repair is 1-rﬁ.

Ce Aj is the expected repair time for the

2See Clark, 1972; Clark and Scarf, 1960; Demmy
and Pressuti; and Nahmias.
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Figure 3. Detailed Flow of MGSs in nger EéheIon
of ‘Maintenance and Supply Support System.

base-level repair facility.

d. D is the expected repair time for the
depot-iev?%)re air acility%hand includes the

time for ipping from the base to depot )
main?e ance, ?2) repairing the item at the depot,
and 13? shipping from depot maintenance to depot
suppLy-

e. 0; is the expected order~and-ship time
from the aegot supply facility to the base.sugﬁly
facility. hée demand requests are filled by the
depot in the same order received.

f. All MGSs can be repaired.

. Lateral supply between base-level supply
faci%ities is not aflzwed.

h. Successive repair times are independent
identically distributed random variables. An
infinite number of servers are available at both
base and depot repair facilities. Hence, queuing
does not exist at the repair facilities.

Table 1 summarizes the necessary equations and
expected parameter values for applying METRIC to
the conceptual system, A hypothetical mean-time-
between-failure (MTBF) rate of fifteen days at
the squadron-level will used throughout this
analysis. The exgected backorders at the depot
and at each base for a random point in time for
increasin% stock levels are Eresented in Figure
4. Note that these results do not provideé any
insight as to the abilit{ to maintain a 98
percent operational level.

Clark (1981) has introduced the concept of
Optimal A, Inventory Models which allow
derivation of an expected operational
availability of equipment. ~Conceptually, the
operational ayailability is defined as the uﬁ—
time divided by the sum of the up-time and the
down~-time. Clark suggests that up~time can be
measured by the MTBF and the down-time by the sum
of the mean-time-to~-r ﬁgir ?MTTR? and the mean-
supply-response~time ? RT). The MTTR )
derivations are also presented in Table 1. The
MSRT is calculated as the expected backorders at
base "j" divided by the MTBF for base "j".

The results of applying Clark's methodology to
this system are presented in Figure 5. This data
suggests that a 98 percent operational level
cannot be maintained in this system. The MSRT of
46225 days limits the OYerational availability to
96 percent, or 48 missiles.

4 final inventory model aEplied to this

conceptual system is the logistics Management
Institute (IMI) Procurement Model discussed by
Demny and Pressuti. Under the assumption that
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A : Base Repair Time
tem

Avg. E(x)
Travel to site 075 075
On-Site Inspection 075 075
Requisition MGS .095 095
MGS Replacement +430 <430
Return Travel 075 079
Base Repair Time 1.250 1.250
Estimated Base Repair Time 2.000

D : Depot Repair Time
Itgm P rob Avg. E(x)
Major Adjustments .10 5.0 +500
Repeat Failures .70 12.0 7.560
New Failures .07 29.5 2.065
New Failures .18 17.5 3.150
New with Parts Delay .02 35.0 700
Depot_ Maintenance Time 13.975
Travel to Depot 17.500
Travel to Depot Supply 12.000

Estimated Depot Repair Time 43.475

0; : Order and Ship Time at Base j 7.500
MTTR : Mean-Time=-To~Repair at Squadron

Item Prob Avg. E(x)
Travel to Site 1.00 075 0750
Inspect MGS 1.00 075 L0750
Requisition MGS .90 .095 .0855
MGS Replacement .90 «430 » 3870
Estimated MTTR .6225

B(So}A\o D) : Bxpected Backorders at Depot
with Stock Level So

x;SO(x-SO) p(xiAo D)

S(So)D : Expected Waiting Time per Demand
[ B(Soiho D) * D ] / B(#iAo D)

75(S0) : Expected Lead Time at Base j
rj A + (1-rj)(0j + 6(So) D)

]

Bj(80,8j) : Expected Backorders at Base j
= & (x-83) p(xlAj T3(80))
x>S]

Table 1. METRIC Equations for Calculating
Expected Backorders.

all bases are identical, this methodology
produces a probability that a randomly selected
missile at a randole determined point in time is
not misging any stocked inventory components.
With only one component in the inventory systen,
this derivation reduces to the compliment of the
expected backorders at base "j". The results of
applying the LII procurement model are also
resented in Figure 5. Since this model does not
include the time to inspect and replace defective
pggtg, S 100 percent operational status can be
attained.

The theoretical inventory models discussed above
may be used to establish stock levels in
regarable item inventory systems. However, such
models do not consider all relevant aspects of
the system under study. Specifically:

a. The theoretical models assume that an
infinite number of servers are always available.
In the conceptual system, this condition does not
exist. There are a limited number of repair
crews per squadron (two% and a limited number of
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Fig&rs 5._ Expected Number of Operation
Missiles Per Stock Level Using Optimal Ao and
LMI Models.

MGSs that may be concyrrently served at the depot
maintenance facility (nine).

b. The theoretical models do not allow
priorities _in the requisition and resupply
process. In the conceptual system, priorities
are allowed between the depot and base supgly
facilities. When backorders exist at the depot,
repaired MGSs are shipped to the base with the
lowest stock level.

These deficiencies in the theoretical models may
affect the operational status that can be
maintained. In the next section, a network
simulation model of the conceptual system will be
developed and used to assess the operational
status attained usin% actual stock levels of
twelve MGSs Eer supE y facility. The effect of
imposing realistic limits on the number of
servers and of allowing resupply priorities will
also be analyzed.

3. WETWORK SIMULATION MODEL
3s1 Description of the Model

The network simulation model is depicted in
Figure 6. The failed !MGSs are emulated as
transactions that flow through a series of
service activities. Resources are used to model
operational missiles, squadron maintenance crews,
base stock levels of MGSs, depot stock levels of
MGSs, and depot service channels. Fifty missile
resources are allocated to each sguadron, and
twelve 1G5 resources are allocated to each supply
facility. Maintenance crew and depot service
channel resources are controlled variables.

The missile resource availability at each
squadron is used to measure the operational
status maintained. If the number of non-
operational missiles (NOR) increases above one at
any squadron, then the desired 98 percent



592

James R. Coakley, Charles G. Carpenter

14| Server/1

UNFRM(3,7)

[.18]

[.02] I;NFRM(15,20)//

i14lServer/1

New

UNFRM(10,25)
Travel to Depot

[-o7] vwFme(t,1.5)

Base Inspection

0ff-Base

[.03] uNFRM(1,1.5)

Base Repair

UNFRM(5,10)
2 @ Dep.MGS/1 : Trave; '

Requisition

Depot Repair
Time

UNFRM(14,21)

Base Lead
(e =P

.07, . UNFRM( .33, .5 —
UNFRM(.0T,.12) @ ( 331,1;3) e
Repl
MGS Travel eplace Sionred otorn
-\ ——— TN UNFRH(..05, 1) [.o] UNFRM(.O5,.1)) ;
,1|M15311e/1 ')——-@|‘Mnx. rew/1f ) 11 onER(.05. 1
Notify , Crew Travel j
RESOURCE/MISSILE(50),1; ‘
RESOURCE/MNX.CREW(XZ), {15 —— UNFRM( .05, .1)
RESOURCE/WNG.*MGg‘p 2¥,é1;’ issile : —-Wr
RESOURCE/DEP : MG 1§ 243 ‘ Return - ,
RESOURCE/SERVER(XX) ;{45 Cleared

Figure 6. SLAM Network Model of

operational status has not been maintained. Two
surrogate measures are used to assess operational
status: (a) NOR time, which is the time weighted
average of the number of days in which each of
the squadrons had less than 49 operational
missiles, and (b) NOR count, which is the total
number of missiles included in the NOR time.

Other surrogate measures are used to provide
insight into the flow of MGSs throufhtphe system
ation mo

and to allow comparison of the simu %e}
to the theoretical models. These include: a
gerver wait time, which is the wai g time at

ok
the depot for a service channel, Eb? depot
repair time, which is the average time to repair
a Tailed MGS at the depot and ship it to the
depot supply facility, ?c) the average waiting
timé at %e degot for requisitioned MGSs to be
shipped, vg) the average bhackorders at depot
sugp?y (e) the MGS stock levels at each base,

and () base lead time, which is the average lead
time for each base to obtain a replacement MGS
from depot supply.

3,2‘ Experimental Design

A randomized block factorial design was used to
test the effects of the controlled treatments on
the surrogate measures of effectiveness. Three
trga{ments were controlled in the parametric
model.

Priorities 7Priorities were either used or not

1

Maintenance Supply and Support System

used in the resupply process between the depot
and base supply facilities. It is expected that
the use of priorities will reduce the NOR time
and base lead times. Altering the resupply
¥rocess should not affect the depot repair cycle,
he number of backorders, or the depot waiting
time. The base stock levels will be affected-
only when one base has a lower stock level than
the other bases. Since the bases are expected to
have similiar stock levels, the use of priorities
should not significantly impact base stock
levels. The NOR count will be reduced only in
those situations when the NOR status of the
missiles is extended due to stockouts at base
supply.

Depot Servers The number of MGS that may be
concurrently serviced at the depot maintenance
facility may be unrestricted or restricted to
nine. estricting the degot servers should
increase the number of MGSs queued for depot
maintenance, thereby increasing the depot repair
cycle. This, in turn, should produce increases
in the base lead times, the number of backorders,
and the depot waitin% time while decreasing the
bage stock levels. The NOR count should not be
affected and the NOR time would increase only if
base stockouts increase.

Maintenancé Crews The number of maintenance
¢rews assigned to each squadron may be
unrestricted or restricted to two crews on duty
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Figure 7. Plot Showing Variation in Measured
Backorders Over System Time.

at any point in time. Restricting the number of
maintenance crews should increase the mean-time-
to-regair at the squadron level. This, in turn,
should increase the NOR time, depot repair cycle,
depot_wait time and the number of backorders,
Base lead times should also increase resulting in
lower base stock levels. The NOR count would be
affected only if the above changes result in
increased stockouts at the base level.

3.3 Model Verification

Internal verification of the model was performed
with the trace option, permitting a step by step
analgsis of the program. The trace was continued
until all branches within the model were taken at
least once. External verification was performed
bﬁ running 500 transactions through the system to
check transaction passages through those nodes
requiring probabilistic branching. The
gercentage of total transactions passing through
he nodes approximated the probabilities
associated with the node.

3.4 Model Validation

Validation of the simulation model was also
accomplished. This {rocess involved using
constant values equal to the expected durations
in lieu of actual distributions. Since the
simulation model replicates the theoretical
model, similiar results should be obtained. A
comparison of the theoretical and simulated
results are presented in Table 2. All simulated
results were within one standard deviation of the
expected theoretical results except for the
probability. that the defective MES is repaired on-
site. This discrepancy is attributed to the
relatively small number of failed MGSs which were
generated at each squadron during the. validation
run.

3.5 Starting Conditions

Starting conditions are especially important
since a continuous steady state system is being
modeled. It is not reasonable to begin measurin
the operational status until the simulation mode
achieves a steady state condition. Startin,
conditons were determined by meking simulation
runs of increasing time durations, with five
replications per run, and assessing the stability
of the variance in the number of backorders. The
number of backorders is sensitive to fluctuations
in squadron, base and depot operations. Hence
stability in this measurement is a good indicator
of achieving system steady state. he number of
backorders from three simulation runs are plotted
in Figure 7. These results confirm that relative
stability is achieved after 300 time units.
Hence, collection of statistical data will be
gelayed until the simulation model has run 300
ays.

3.6 Sample Size

The duration and number of simulation runs was
calculated using the sample size derivations
presented in Hicks. An initial pilot run was
made to obtain an estimate of the variance
associated with the NOR time (0.1798) and the WOR
count (38.875). Alpha risk was set at five
gercent and beta risk was set at thirty percent
or all calculations. Using these
specifications, at least 52 MGSs must be
processed through each squadron to be 95 percent

Item Expected 'Méasured Sigma

Depot Repair Time 43.475
Base Repair Time 2.000

MTTR . .023 .646 - «1393
P(On-Site Repairg v +100 073 0072
P(On-Base Repair .030 029 . «0007
Depot Backorders 13.%04 12.027 4.0141
Depot Wait Time 21.045 19.921 1.1860
Base Lead Time 29.500 29.601 <3311

Table 2. Comparison of Expected Values Derived
from Theoretical Models to Measured Values
Obtained from Network Simulation Model.

confident of detecting a shift of two missiles in
the NOR count. With a squadron MTBF of fifteen
days, it will require approximately 780 days to
model the failure of 52 units at the squadron
level. This equates to over two years of
simulated activities after the system has
attained steady state conditions. Ten
replications of each simulation run must be
gerformed to be 95 Eercent confident that a
eviation in the NOR time of 0.25 will be
detected as statistically significant in the
randomized block factorial model.

3.7 Variance Reduction Techniques

combination of treatment levels (blocks). A
different seed was applied to each of the random
number streams used across all replications
within each block. Across blocks, the same seeds
for_ the random number streams were used. The
application of common random number streams
across blocks should reduce the total variance
for each surrogate measure.

Common random number streams were used ;or each

To further reduce variation in the simulation
model, a separate random number stream was used
to generate durations within each squadron. This
roduces the same sequence of MGS failures across
he blocks for each of the ten replications.
Comparisons across the blocks are enhanced b¥
1%?1t%ng the source of variation to treatmen
effects.

4. ANALYSIS OF RESULTS

The_results of the network simulation model were

alyze? using multivariate analysis of variance
?ﬁANOVA . Bartlett's test for homogeneity of
variance indicates that the variance due to
experimental error within each treatment
gopulation is homogeneous. It is also assumed
hat the errors are normally distributed for each
treatment population.

A three~way MANOVA model was applied to the
surrogate measures of effectiveness. Each of the
three base lead times and base stock levels were
tested jointly to determire if the treatments had
gimiliar effects_on all three of the independent
measurements. All measurements were tested both
separately and jointly to determine overall
treatment effects. The results of the MANOVA are
presented in Table 3. Table 4 standardizes the
averaged measurements within each block, and
grovi es the overall avera%e and standard
eviation for each surrogate measure of
effectiveness. Table 3 provides the statistical
significance of trends in the data resulting from
each treatment effect, while Table 4 provides an
indication of the direction of the trends. Each
hypothesis test listed in Table 3 will be
discussed below.

4.1 Bffect of Depot Priority

Allowing the use_of priorities between depot and
base supply facilities should reduce the
occurrence of stockouts at the base level. This
treatment will only have an effect during cyclic
periods of high demand at a particular base. The
gossibility that all three bases experience high
emand simultaneously is low. The results
presented in Table 3 indicate that only NOR time
and base lead time are significantly affected by
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Surrogate Ho: No Effect from Treatments Ho: No Interaction Between Treatments
f . . P’ 2 2 s
g??i???ﬁeﬁess Depot Depot gaint. ‘Prigr;ty Prlgrlty Serv;rs Pr1%§1ty
Priority Servers reus Servgrs Mnx %rew Mnx Crew Sergers
! Mox %rgw
- Tine 1 Reject Not Rej. Not Rej. | Reject Reject Not Rej. Not Rej.
gg% géﬂgt Not Rej. Not Rég. Not Reg. Not Rej. Reaeqt. Reject Reject
Server Wait Time Not Rej. Not Rej. Reject Not Rey. Not Rej. Not Rej. Not R%J.
Depot Repair Time | Not Rej. Reject Reject . Not Rej. Re ject Reject Reqect
Depot Wait Time Not Rej. Reject Reject 1 Not Rej. Reject Reject %eqegt
Depot Backorders Not Rej. Reject Re%ect'** Not Rej. Reject Reject e,;ject
Base Lead Time Reject Reject Not Rej. | Not Rej. Reject Re ject Reqect‘
Base Stock Levels | Not Rej. Reject Not Rej. Not Rej. Regect Réject Rejec :
Joint Effect Reject Re ject Not Rej. | Not Rej. Reject Reject Reject
\ Reject at p=.05
: *% . Reject at p=.10

Table 3. Statistical Significance of Treatments on Surrograte Measures of Effectiveness

v

Priorities . . ¢ o 4 Not Used : Us :
. d [o%) i Overall Std.
g§£g§e§2£ggrgre%s.‘. = 2 3] 2 o0 2 00 2 Average Dev.
Surrogate Measures i .

- T ' . .005 [1.0 .5%) | =380 { -.380 | ~.408 | ~.415 532 424
gg% ggﬁgt ~.28% -.20% .628 -221 ‘=190 | -.190 { =.350 .025 | 28.513  7.456
Server Waiting Time -.875 | -.875 | 1.146 .8%9 | =875 | =875 .7189 .719‘ ‘ 414 .%72
Depot Repair Time 1-.686 | -.686 | 1.197 .59% | «.756 | -.756. | .822 .255 | 43.925 1.1?7
Depot Wait Time -.558 | -.588 . 795 367 | -.281 | -.281 .158 359 28.547 . i
BenetLoad Bime - mage | --ded | 233\ 24T 100 | T i08 | 052 | dla | 2908 2l
Base Stoak Level 538 | 528 | -361 | -.205 | =.043 | -.043 |-.025 | -.323 | 6.760 .440

Table 4. Standardized Measurements Within Bach Treatment Block

allowing the use of priorities.
be reduced since the likelihood of stockouts are

reduced.

Base lead time is reduced during

NOR time would

peériods of hi%h demand, and the aggregrate effect

of this reduc

ion is significant.

4.2 Effect of Restricting Depot Servers

Limiting the number of concurrent parallel
servers at the depot maintenance facility
increases the waiting time for servers at the

depot.

As a result, the depot repair time is

increased, thereby increasin%hthe depot waiting

time and deﬁot backorders.

incréases t

is, in turn,
e lead time for satisfying base

requisitions resulting in lower base stock

levels. )
occurrence of stockouts.

Lower base stock levels increase the

The NOR time and NOR count will only be affected

durin,
likelihood

stockouts at the base su
Restricting degot servers shoul
that stockouts will occur.

ly facili
increase

EP

base stock levels over & 200 day period are

presented in Figure 8.

stockouts do occur when depot servers are

restricted.

ty.
tge
Plots of

This data verifys that

However, the aggregrate effect of

base stockouts on NOR time and NOR count is not

gignificant.

4.3 Effect of Limiting Maintenande Crews

the depot server waiting time.

depot repair time is decreased.

The waitinﬁ
y

depot su
inPMTTR P

As a result, the

time to satisfy base requisitions at
algo appears reduced. x
elays the submissions of requisitions,

An increase

whieh reduces the number of backorders and the
delay in satisfying backorders.
system time from MGS

roduces a reduction in both
ime and base lead time.

levels, the NOR count should not increase

Since total

failure to satisfying base
requisitions remains constant%hincreasing MTTR

e depot waiting

The reductions in base
lead time were not statistically significant.
Since restricting the number of maintenance crews
did not significantly descrease the base stock

NOR

count is only affected by stockouts at the base

level).
4.4

Interaction

Effect of Priority by Depot Server

Significent changes occur in the trénds of NOR
time from the combined effect of using priorities

‘and limiting depdt servers,

not

i When priorities are
used, restricting depot servers causes an

increase in base stockouts and a subsequent

increase in NOR time.

When priorities are used,

the likelihood of base stockouts are reduced
thereby causing a decrease in NOR time.
Reference to Figure 8 confirms that the use of

Restricting the numbér of mainterance crews
available at the squadron level should increase
the amount of time required tp service missiles
when more than two MGSs malfunction
simultaneously. Within the modeled system, this
occurs only when base stockouts cause a delay in
the MGS replacement time, In these situations,
the mean-time-to-repair (MTTR) sheuld increase.
Increasing MTTR delags the transfer of failed
MGSs to the depot. ince it takes longer for
failed MGSs to arrive at the depot, the queue for
depot servers is decreased, thereby decréasing

priorities reduces the likelihood of" stockouts.

4.5 ZEffect of Priority by Maintenance Crew '
Interaction

| -
‘The combined effect of using priorities and
restricting the number of maintenance crews
'causes significant changes in the trends for all
surrogate measures, except waiting time for depot
servers. Table 4 reveals that the maintenance
icrew treatment has. no effect when the number of
depot servers remains unrestricted. he
significance of this treatment is attributed to
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Figure 8. Plot of Base Stock Levels Varying
Priority and Depot Server Treatment Levels.

the changes in trends when depot servers are
restricted. When priorities are not used,
restricting maintehance crews increases the MTTR.
As discussed in section 4.3 above, increasin,
MTTR delays arrivals of MGSs to the depot which
subsequentially decreages the gueue for depot
gervers,; the waitin§ time for depot servers, the
degot repair time, the waiting time from delayed
submission of requisitions to satisfying
requests, and the base lead time for spares.

When priorities are used, the same sequence of
events decreases the depot repair time. However,
since priority is given to filling requisitions
from bases with the lowest stock levels, the
lower priority re%uisitions spend additional time
waitin% to be filled. Base lead time decreases
since the lower priority requisitions remain in
backorders status and are nét filled. Hence, the
lead time statistic is downward biased. Base
stock levels decrease as a result of increased
backorders.

4.6 Effect of Depot Server by Maintenance Crew
Interaction

When depot servers are not restricted, there is
no change across the maintenance crew treatment.
When depot servers are restricted, restricting
maintenance crews produces different trends
across the two priority levels -~ that is, a
gignificant three-way interaction occurs.
Averaging the effect of changing griorit levels
still produces a significant trend in al
measures except NOR time and server wait time.3

4.7 Three-Way Interaction Effect

The three-way interaction effect is discussed in
section 4.6.

5 CONCLUSIONS AND RECOMMENDATIONS

This analysis indicates that within the modeled
multi~echelon inventory system, squadrgns drop
into a NOR status approximately 1%.43 ?+ 7.03
times per year. The average,duration of this NOR
status is B.5 hours (+ 7.4).4 Thus,

operational status is maintained, on average, for
78,726 of the 78,840 available hours per year.
This suggests that the 96 percent limitation of
operational status derived from the optimal A,
inventory model is quite conservative. 1In fact,
the goal of maintaining 98 percent of all
squadron missiles in an operational status is
achieved 99.86 percent of the time.

The major cause of the NOR status agpears to be
the MTTR at the squadron level. WNote that the
MTTR would be decreased by over 2 hours, on
average, if the maintenance crews could carry the
spare MGSs when they are dispatched to inspect a
malfunctioning missile. The network simulation
model was modified to eliminate separate MCS
travel. The travel time for the maintenance crew
was increased to account for the additional time
needed to_pick up the MGS prior to departing for
the missile site. The operational system was
simulated, meaning that priorities at the depot

3The two-way interaction between depot servers
and maintenance crews is analyzed by collapsing
the data in Table 4 around the priority treatment
-~ averaging the four cells across the two
priority levels.

495 percent confidence intervals.

were allowed and that both depot servers and
maintenance crews were restricted in number. Ten
replications of this revised model produced an
average NOR time of 7.85 hours and an average NOR
count of 12.22 missiles per year. The total NOR
time for a year was reduced from 114.16 hours to
95.93 hours Eer year-by eliminating separate
travel for the replacement MGSs.

To confirm that increasing the MGS stock levels
hag little e{fect on NOR status, both the basic
and revised eliminating separate MGS travel
were executed with fourieen MGSs Eer supply
facility. This produced total NOR times of
107.87 and 88.87, respectively. Eliminatin
separate MGS travel and increasing MGS stoc
levels to 14 produces an average NOR count of
11.39 and NOR time of 7.81. Hence, the system
aﬁpears relatively insensitive to increases in
the IMGS stock levels.

The network simulation model could be extended by
adding cost data, and comparing alternatives of
stocking additional MGSs, adding additional
servers at the depot regair facility, or
increasing the number of maintenance crews.

These extensions were not performed due to the
non-availability of cost data.

In summary, this paper has demonstrated the use
of a netyork simulation model %o evaluate a multi-
echelon inventory system. Theoretical models do
offer a good starting point for evaluating such
systems. However, they do not provide a detailed
analysis of the operations which occur within the
system. The use of a simulation model does
provide this form of analysis %o the decision
maker, offering insights into the synergistic
effec%s of varying system parameters. 1so, the
simulation model may be extended to evaluate
exgected changes in system performance from the
introduction of new policies.
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