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A Study on ROK Military PBL Using Simulation and Meta Model

Bong Yeon Won * Sang Jin Lee'

The ROK military uses Performance Based Logistics(PBL) as one of the ways to utilize civilian resources and
advanced techniques. However, the Korean PBL is mainly focused on purchasing and repairing parts, which is
not contributing to the improvement of the availability of overall system. The objective of this study is to suggest
the methodology to evaluate the PBL metrics using the simulation and meta model. A meta model is a regression
model to analyze the effect of the PBL through simulating various scenarios with performance metrics. As a
result, if the PBL is limited to the part level, the performance has little influence on the availability of overall
system. In addition, analysis using the meta model shows that it cannot achieve the performance targets when
the same metrics are applied to various items without considering the characteristics of the applied items.
Therefore, in order to improve availability, PBL coverage should be extended to a system level that includes key
components that have a large impact on availability. If multiple items are included in the PBL coverage, the
metrics should be applied differently, taking into account the characteristics of each item.
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So(=EL s, 2018) ol Wt PBL oike H& S7ke
Ao oiFEch

PBL #H 3= A= =9 %7] PBLS A2 ARgSH
n=0] ARE RaLste] hatel MR o m 2851
FIek Weks AXSk= A7t = o] Fo{ Atk (Choi, 2008;
Lee and Jung, 2009). 12{u} 3=+ PBL A8 %7]
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Table 1. PBL Support Integration

Logistics Support Element

Category All Multiple Single
All elements Multiple Single
System .
for entire elements for | element for
Level . .
system entire system | entire system
Sub-System All elements Multiple Single
for elements for | element for
Level
sub-system sub-system sub-system
Multiple ingle
All elements b Sing
Component . elements for | element for a
for a single . .
Level a single single
component
component component

Z4: DAU, Performance Based Logistics: A Program Manager's
Product Support Guide, p.23& 44 <183k
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Fig. 2. Simulation Process of PBL Model

Table 2. Item and Definition of Simulation Model Design

Item Definition

Maintenance
requirement cycle

Component(or Part) maintenance
requirement cycle

Component(or Part) real repair

Repair cycle time cycle time

Purchase cycle time Component(or Part) real purchase

cycle time
Amount of Used units real amount of
spare part spare part

Shipping time Component(or Part) shipping time
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Table 20| A8} Algdo]d o] Y Atae=
70| A u] A © 4| A|(DELIIS: DEfense Logistics Integrated
Information System, ©]3} DELIIS)o]|A A AH] PBL A}
A7 AAE o= FASHITE PBLO] 2016 W RE
AAsE 7] mEe] 2016W 19RE 2018W 6¥7HA]
DELIISe| ¥=E Arg #ystaL, de=o] A &
& A GRRE e AtmolA s A Ak
£ Higer AupA A, Aulged EAE,
BRI7NTY, AR, dHlE 2 2 ARESHITh

A, g0y A EAS AREgie) oA A8z}
HPsh= 1HAS AREsh] ffsl u] 7 BAtARHMTBM:
Mean Time Between Maintenance, ©]5} MTBM)S A}
$3H%ITk MTBMS: 44uloh ASlgu|S mokt we
Aulay9) 7re] BAIHS ojujs}ul, Equation (3)3} 2
o] A,

1

= = Trer
MIBM = e )+ (/MTE) | % A

* MTBM,= 1/x : 23R4 3F 7 A3
MTBM, = 1/fpt : A AN

DELIISo]|A 20161 1€XE 2018 6¥7HA] A AHH]
00t FLPAZRS Sl ATt 9,362.97 A1 0] ¢l AL,
78|31 Table 304 K= Hje} ZHo] 1303]91ch
wpeba] EdofjA] FudY AXEEAS oJu]sk= MTBM
S Equation (4)&2 ALl 72.02H/3]7} Fch

9,362.97TH

MTBM = =
130%]

= 72.0228H/3]  (4)

Table 3. Number of Occurrences by Type of Maintenance

eyt DELISOA 317k An|7|7kat $=A12F 2
27} U(day) HH= ol 7] hizoll A=Az ARt
&I AlHhour)ol| A U(day) T2 Hetsiof ghct. g
3717k 2447t A58k Alo] of Bz AlRMY AH|Sla
(@)%} AU 2FATHD)S o83l F=57] 1ee] Auld
A AIZHAE A(day) T2 WSS Figure 4 o
w2} 154.349/3)7} Fe}. oA AHl= Bt 154.34
A AL AR o WAskes sttt

‘ Calculate MTBM(®) ‘ ‘ 72.02 hour per count ‘
3 U

Calculate the number of
maintenance per hour((b)
U U

9,362.97H
912 Day X aircraft

1/@ = 0.01 count per hou

Calculate daily operating
time of aircraft((©)
= 0.47 hour per day

J I

Calculate daily aircraft (b x (©) = 0.0065 count pe

maintenance count((d) day
U U
Calculate aircraft maintenance 1/@ = 153.34 day per

occurrence time interval count

Fig. 4. Data Conversion Process

A, FHSFE TS S LA A
Blag 7} Ak of| AulelA] ERshe Ak A
Al A gulag st s fA AlA 2 el
A HYE ARIJA Estal, AA Aule Agulet of
W2, FAE AHl= MGB} Al Au] 2 ERdick
2t 257 ARl £ 7180l He Alme JHERe
WYBFE VIS0 R AIET HEoth BEloA Hu|E
5 Al A-gohe HlE2 Table 49}

Table 4. Classification of Maintenance type

Classification Number of Maintenance Classification Percentage
Unscheduled | Scheduled System and Classification| System | Component | Total
Depot 10

System . P Component Count 81 49 130
Field 71 Percentage 62.3 37.7 100

#1 Module 1 5 e Field
2 Modulo - - Depot and Classification| Depot G0week | 200hour Total
Field Count 10 32 39 81
#3 Module 1 6 Percentage | 12.3 | 395 | 482 | 100
Com- | Engine | #4 Module 4 - MGB and Classification| MGB Engine | Total
ponent #5 Module 11 - E .an Count 13 36 49
#6 Module - - ngine Percentage | 26.5 735 100
#1 Module 4 Engine Classification] #1 | #3 | #4 | 45 | #7 | Total
MGB 6 7 Mi | Comt | 6|7 ]4]1]8]36
Total 130 odule Percentage |16.7[19.4/11.1]30.6/22.2] 100
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= A= R o 717t Foll
AZAu|7} 23t Ho] glo] mdlo] EZ&ks}A] gl
£ A|©J3}al, DELISS} Al zpgolA 53t 4

H|7|7F AFRE ARENA {8 E47]|E o]-835}o] Table 5

o o] FEREE
79| =4

Atk Al e A

$E7} vk} WskE Skt 8

Eo|tiKim and Lee, 2017). &E83Z 3423 A4
H]2} MGB 7gH]= HleRZ2E7} Attt 1 94 Rt

go AZHRE 60F HAT 3H BES X455, 44
200A17F AT SH RELS olo]ER

o

A=)
A

L=ye]
HEs

1}

¢

AFRET et

Table 5. Probability Distribution of Maintenance Period

Table 6. Probability Distribution of Other Time Required

Classification Probability Distribution
Engine Module Exchange 0.999+EXPO(1.99)
MGB Exchange TRIA(0.17, 3.15, 4)

Classification Probability Distribution
Depot 80+400*BETA(0.894, 0.704)
System Field 60week 4.5+EXPO(10.5)
200hour 28.5+WEIB(23.2, 2.28)
#1 Module TRIA(140, 209, 238)
#3 Module 116+EXPO(113)
Com- | Engine |#4 Module UNIF(155, 372)
ponent #5 Module 93+WEIB(83.8, 0.445)
#7 Module NORM(290, 73.7)
MGB 414+574*BETA(0.437, 0.725)

H];zﬂ

SAT, BE aAl] A AR
o}, DELIISO1]/\1 2223 ARE o|R3lo] FBFHEE
A%t M= Table 62+ 2tk <zl 25 A ¢R*l7i
gkl 0.999%0]L, FHto] 1.99%2 AFRES

#3

ﬁmwﬂ

ujghth Umz] g BETF MGB 525 AQL ARE
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Z2AT|Qich A7) 19 14194:1 SEREE 4T
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B o]
MGBE ZolA

AN
7 Rt
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Ap¥EIT gu] ol A
Table 7] 3= ujo} 2. 2w}
Ry EoR wejska ok 7}
1671, 87H0]U1 HOL 167, 7700k 19

U 2018 3/487] ARENIIAE sz =
167115 28313 QAN ARE 71535 Aidlo] 9l

o7

fiis

l‘ll‘

= O

&7

A0 o] gk 1 ol

= QIR oulE R W

AAHE 9l Aoz F ANE ZFd=Lfo] w}
g} g2kx]7] ol A= wE Ao 2 PBLS

#1 depot—contractor | TRIA(1.5, 73.5, 97.5)
Module | contractor—depot | TRIA(35.5, 62.2, 135)
# depot—contractor | 1.5+10*BETA(1.09, 1.35)
Module | contractor—depot 32.5+EXPO(14.1)
#4 depot—contractor | 0.5+WEIB(3.54, 1.14)
Module | contractor—depot |  TRIA(51.5, 80, 89.5)
# depot—-contractor UNIF(1.5, 34.5)
Module | contractor—depot | 37+WEIB(16.6, 0.398)
#7 depot—contractor | 3.5+GAMM(2.52, 0.754)
Module | contractor—depot | TRIA(39.5, 52.5, 91.5)
depot—-contractor T+WEIB(25.9, 0.48)
contractor—depot 0.5+6*BETA(0.671, 1.39)
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Table 7. Number of Spare

Classification Count

Engine 4

MGB 7

#1 Module 15

#3 Module 13

Engine #4 Module 15
#5 Module 15

#7 Module 12

3.2 HE} Y JHUS

Aol A uf g g8l dis] a4
A AYFEAE st A2 WlE} =8s B3 AdE F
=% 7 =E HAHANS ARERItHLee and Jung,
2009). & Q7= PBLS S3)) 4o2]54-5 AH|3k uf PBL
A3} A HEEl TR e 248)] 918 MGB
¢} BE9] AHH|7]7HE 221° 2 NOLH(Nearly Orthogonal
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Latin Hypercube)7]%1-& o]-afo] AlLe] 9.8 748},
Rel9] el skelsly] 93 e mue i
NOLH 7|2 7|2 LHD(Latin Hypercube Design)7}
Zhe Aol ot #EFER SUge 2dsh= 7iE
¥} Uniform Designof| A&} #7ke] 2o 2|72 S F
asshs NS st ARG Aol 2A #o]
IEA FEHES SIYoH ZF i) Auie AL
W71 2ol v 414 T A7E BAYsHA] ¢dal &
25 758 7 M s=tH(Cioppa, 2002). HiE} 2
Aol BElo] 28 FAXCE BASe] H|u A
ke AR TEE AR F4ueo] ot 51
¥i5:0] 9JFhS SFEAS B AETtKang, Lee, Um,
2006). 3 ATOIA SAFARAE E ol4fe] Seluisol F
Sl 7he] MBS cjZels o ST WS o
galon, 915 Aug ge T ohE SR F A
oz ue} Bele 7faksl Itk (Kim, Yong, Kwon, 2012).
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b AAARS 257k 4149, HTigh 988U M=
A I F 593Uk ARE FESHE Aol
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B A el At BrkE AXEHEE 718t
ek E3L AU L 209 A 4] PBL ARollA] A3t
Az Folzl Agu|77k 12092 AR 2E Qu7|iks
T Ao HE F5o SUd IR EE dHsk=
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Table 8. Maintenance Period for Meta Model Design

Maintenance Period

Scenario MGB #1 #3 #4 #5 #7
Module | Module | Module | Module | Module

1 593 237 398 236 171 390

2 450 164 420 277 93 253

3 486 182 138 209 287 363

4 522 201 224 372 268 212

5 845 231 268 182 190 185

6 988 170 246 331 112 349

7 773 158 463 223 365 281

8 737 225 376 358 346 322

9 701 189 290 264 249 295

10 809 140 181 291 326 199
11 952 213 159 250 404 336
12 916 195 441 318 210 226
13 880 176 355 155 229 377
14 558 146 311 345 307 404
15 414 207 333 196 385 240
16 629 219 116 304 132 308
17 665 152 203 169 151 267
18 414 140 116 155 93 185
19 988 237 463 372 404 404
20 414 120 120 120 120 120
Max Val | 988 237 463 372 404 404
Min Val | 414 140 116 155 93 185

4.2 N|EZ[0|M 2Eo| EtEd HE

mdo] sigo] HHoR offo|f =4 ARENA =
Z 99| Check Model 755 53l AT 23 of7+=
§lolck melo] eh e A5t Slel St Bt
AlEdlold AR BAS dAlskelth A, S92
%7tolct. Table 8 Alute]e 7hed AH]7I7E gtk
HHgEo 7 A Aue] 2 189, 199 9] 7 &
7¥7} 60.8917%, 72.9849%0] 1t} U] Aluke] 9.0
HIZFEES 2|4 62.0195%014 o 72.2118% WIS
uehfjo] AlEdlold Agre] ehgsittar sk

A, MBI AR B4k AR Ay
717 Hgghez A 187 A ollA 1094 57}
AAZF Zu7HEEC] WIlE waselch AlEdolA
A3} Figure 59} o] 7hg& gro] WAkslAU 943 4
A= b gL, Aol Au)7Izte] Hhijgste] U
ehtth. Au)7]7to] oA 7hgEo] adhs A
Hhedstar glek

Hes M 20194 3



Fig. 5. Result of Simulation Tendency Analysis
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Table 9. Simulation Result of Maintenance Period Scenario

Zow, sHEHS Sl A= vEE 22 Equation

(5)%+ At
Table 10. Result of Regression Analysis |
Unstandardized | Standardized Collinearity
coefficients | coefficients . statistic
Model o t Sig. Tolera
B ’ Beta VIF
e nee
Constant | 77.276 | 5411 14.282'| .000
#1 -008 | .019 -097| -429| 676 1.00| 1.00
#3 -003 | .005 -124| -553| 591| 1.00| 1.00
#4 -002 | .009 -062| -277| J87| 1.00| 1.00
#5 -013 | .006 -503 | -2.237| .047| 1.00| 1.00
#7 -015| .008 -400| -1.779 | 103 ] 1.00| 1.00

R: 666, R? : 443, A" RY: 190, 90|85 F H3lF = 204

Y = 77.276-0.008X, Moduter ~ 0-008X34,4,103 &)
—0.002X,,,,,,., —0-013, —0.015.X,

Moduleb Module7
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Table 11. Result of Regression Analysis I

Module Availability
Scen. | MGB |= T3 T #4 | #5 ] #7 | Equipment| Engine
1| 593 | 237] 398] 236 171] 390] 66.3021 |73.7388
2 | 450 | 164] 420] 277] 93| 253| 71.2218 |75.6776
3| 486 | 182] 138] 209] 287 363| 68.1236 | 73.6017
4 | 522 | 201] 224] 372] 268] 212] 703610 | 75.8876
5 | 845 | 231] 268] 182] 190] 185| 67.1943 | 76.6354
6 | 988 | 170] 246] 331] 112 349| 64.8608 | 749019
7 | 773 | 158] 463] 223] 365 281| 64.2647 | 73.4020
8 | 737 | 225| 376] 358] 346] 322| 62.4663 | 72.0891
9 | 701 | 189] 290] 264] 249 295| 67.4189 |75.5137
10 | 809 | 140| 181] 291] 326] 199] 65.1709 | 74.6226
11 | 952 | 213] 159] 250] 404| 336] 62.0195 |72.7255
12| 916 | 195] 441] 318 210 226] 65.9310 |75.7488
13 | 880 | 176] 35| 155] 229] 377| 63.7833 | 74.0675
14 | 558 | 146] 31| 345] 307| 404| 65.6211 |72.7261
15 | 414 | 207] 333] 196] 385 240] 68.0472 | 73.0674
16 | 629 | 219] 116] 304] 132] 308| 67.8646 | 74.9810
17 | 665 | 152] 203] 169] 151 267| 69.5198 |76.6213
18 | 414 | 140] 116] 155] 93 | 185| 72.9849 |76.6204
19 | 988 | 237] 463| 372| 404] 404| 60.8917 |71.8650
20 | 414 | 120] 120] 120] 120] 120] 72.8837 | 76.8150

4.3.2 PBL A3t A7 k58] A 9%

$41 PBL 47} 4u]7k5 50) n)3)t Gake Sklsh
7] j8) A BE AH7|7} 4715 BL SPSS 200
2 olgsle] B7RA sloirk S7IEA] Zaks Table 102}

REINE=R IS ECICIEN

Unstandardized | Standardized Collinearity
coefficients | coefficients . statistic

Model St t Sig. Toler
B Beta VIF

e ance

Constant | 84.334 | 2.155 39.142 | .000

MGB -010| .001 -699| -8462( .000| 1.00| 1.00
#1 -008 | .007 -097| -1.173| 268 | 1.00| 1.00
#3 -003| .002 -125| -1.514( .161| 1.00| 1.00
# -002 | .003 -.062 =750 4711 1.00( 1.00
#5 -013 | .002 -503 | -6.095| .000| 1.00| 1.00
#1 015| .003 -400| -4.838( .001| 1.00| 1.00

R: 965, R?: 932, 4% R® : 891, 3-98H5 F gtk = 000

Y= 84334~ 0-010X,5 = 0-008 X, 1,4 201 — 0-003X) 15113
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Table 12. Result of Regression Analysis III

Unstandardized | Standardized Collinearity

coefficients coefficients . statistic
Model = t Sig. Tol

B | Bea %6 v

e ance

Const |~ 466 | 1.433 57.555| 000
ant
#1 -004 | .005 -090| -824| 427| 1.00| 1.00
#3 -002 | .001 -134| -1.227( 245| 1.00| 1.00
# -002 | .002 -117| -1.065| 310 1.00| 1.00
#5 -010| .002 -688 | -6.295( .000 | 1.00| 1.00
#1 -012 .002 -594| -5429( .000| 1.00| 1.00

R 666, R ; 443, =A% R : 190, 4985 F wlslef = 204

Y = 82.466—0.004X, 1,11 —0-002X) 1,5 @)
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Fig. 6. Engine Availability by Metric Decrease
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