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A Study on the Optimal Allocation of Maintenance Personnel
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Abstract Naval maintenance system carries out repairs of battle ships. Korean Navy has four maintenance stations
to maximize the readiness of the battle ships. Since each station can provide different services according to
characteristics(specific size of ships, type of maintenances) and the maintenance ability of stations is predetermined,
it has been one of complex problems for the Korean Navy to find the optimal resource allocation. We investigate
the operation of the stations from the perspective of the human resource allocation which plays crucial role in the
performance of the maintenance stations. Using a queueing model and optimization technique, we present a way to
derive the optimal personnel allocation which minimize the waiting number of battle ships at each station, leading
to the improvement of the military readiness in the Korean Navy.

Key Words : Naval maintenance system, Optimal allocation of maintenance personnel, Queuing model

1. M2 W] 3 52 welete] $-8317] Wil 2 gulgel 4
W35 e ol g Kol itk ool whe} 7t gulFe 9
e CE

g st Ae] el AR oR dieshy] flsk  AnAA WelAd gE A (Fray

of /Al 4709 s mAshaL flem o A8 5)& FRehEA Gt o2, 2% Fugeld v
e Y 2EE IS T AEA /A4S fstel gL Boksd 3 wgo] whehd Ed g 5ES B
T 72 Aasel] A& mystal vk olS ¥ §3 Augow 1 o] olFate] Gu|E W
al st ol WA S A& Avlsted A o aela 7 R XA 84, dAe) T, 44
e = Agsr] flste] 4709 AnldE 2 el At 2k o] thEy] wiitel zH gu] el A G S utolof &}
sted 28 Folvh 7t A2 % e A A9 4 = e A 2a 3 13 2A8), 3 frEd A4
= (Ao A, 74 T, Ao AY A S Rl A w FF7 Adolahy], AR A (FAEAL - B/

"Corresponding Author : Bong-Kyoo Yoon(Korea National Defense Univ.)

Tel: 82-2-300-2114 email: bkyoonl@gmail.com

Received September 29, 2014 Revised(1st February 10, 2015, 2nd March 10, 2015)
Accepted March 12, 2015 Published March 31, 2015

1853



FFAS & =B A6 3B, 2015

>
> X
ol
ol
rir
ol
A
i)
o
ot
r [
i)
o
i
R
1o
ol
)
N
)
(i)
o
e
2

)
lo,
i
oX,
o
=
o
lo
o,
=
o

)
42
o
e
o
gl
R
o
(e ofr
f& L)
Mo
ol
ol

Jm F
1o

[ <
S

oX.

o

F;
I Y
o
B b
1
=
N
rﬂ
I
o
2
jink
x
o
vl
o

tlo o dju fob

2
)
i
(i
N,

g
NELE
Au g
(Scheduled
Al s} b

. Ok et al.[3]&

e
oo -

Q

]

=

rlr

LY

N

o

B S

by
i M,

X

=

[

il
L
o ox et

B
®

i,
Shid
e

o

P}{I
K=
Lo ©
re

&
2
L

o

g
B

2 9
ot
o
o 2

ofl
tjo
)
>
o
2
b

7

£

l g% M
_C:L

o

) e

]_

>,
ftt
rO
o
>
N
PO('
Z
It
:
at
i

o 2
ofo Su)
2
=
4 2
>
o
R
o o0
Y
=
A
1
e

Ac)
>
)
o
L et
[0
s
off

o
=
1o
5
)
I
I Yo T oft

o )
A
Mool ali

2
e
LTI
Il
[o
2
>
2L
2
o
gg‘

offl o
£ g
e
&
X0,
i
£
v2)

-
o

32 e
>
=
:?1:4'
L
1o
ol
=
o
iy

ok
ofl
=
)
=)
e
4ot
ne,

L
=
=
il
o

=
o
rlo
:IOl:
7
oX
=
2
=)
=
=2
>
ot
oX,
i
>
o

& A /R e, A se] e (K, A, ARk
)l weh thFsiAl EAsHARH5-14], MEAIE 74
Shs AH] AlA"lE0] B AR Muls B2 E 7MY
ato] £43k57] wiiell 7 gu] o] Aol gHleHE
HAgk st AuAAl A4 A8shs AL @A A
th ol FHAIE Wk AR wu] AuAAZE 9AH
(FAAAL - /o3 An) - Anjghs - oo

A= 5A4< 3 d A7k 0tk You and Yoon[15]

& S A2 An7F g o2 BAEE Al
S @AE B (Phase-type distribution) & BEA}SFe] 7+

[S]
H ou]Eel A Aages BA8 T Yoon and
Ak 2 FUIAAIE] A
< s}t Park et al[17]
Aol wh2 vheA e AAe] A5 7 (H7]

.
AlzRle] Agolsk gu] B4 (4H] FF, QAT R
502 BA0 wge] ojzlgol o)

olel Hefol A Aol T/ AE HE o
29 8ai] A AulAAe] ol e A402 v
A% 5 e BRL AN 223 2y AL Fa)
o # ARG S Aol FFe 97 =

B Q7 thewt o] A0 glek 29l 3
AU AR 5 9 gojol tste] /14 394
Sajo] Pag Fo oled B
4N QU 29 o) Felgge) 48 At
a7] 918 A% Aiele 99 mae AN 19w

SgelM= 4 A B 24Z3E A A

sl Aguleke] el thEw Al AR bR
AHE 7V el R FA sk @9

= [e]
B7Fs A ® BEde QAR Sehs

1854



S Y AuAA HA Audy 9 =¥ 4T

e
~
il I
Lo
o o=
- o
ol i‘

AN
Ud\’ 3
O_u EIJ_,

o

]‘— ﬂ;dg] /K-]iﬂg]_ Z]—u]g] A—]L:
46}0:1 4, A, e, A, Az,
QA A9l Aolsha Yri2il. w
%

13_013 ‘61—24 z]—u],] /\é‘—‘

Ay e, A, BE A NE,
4

[o

o3 7}

M2 HJo oo
2y oo N

{0 rie El ME,
0, o2 o
Ep o g
é

il
Ho
ol
2
4
{)g(zll‘
_0|L
rlr
ol
=)

[
X OF[

FlFLm

A

5e wges 94 A9 4

T F N AHow BAF wiX
gule] 5, FYHZ G| 2~Ho]
A} Ao FRH+ @4 HAF (Inspection), Fo]AH|
(Assistance Maintenance), ©Fd71] (Field Maintenance),
% A1) (Station Maintenance) 2 25 z+ Au] 39

o

S Aol 24k AnFo] Adolg AuleEs Bt
SkaL 9l ol AEA B4 (A A8 5), 25% ¢4
59 18 55 elste Aulsgo] AA 7] wliolth
Bl AR 598 Table 13 2t ‘O a9 A%
o] TS B{t e AL orista, X&E F8
SHE MERSIL s ngith o2 7 g
A7 74} (Inspection), F-oi3H] (Assistance Maintenance)
S8 BT Basta glon 3 AguFe el a4

(New Ship), &/t18 &4 (Medium/Large Ship)2] oFzl
) 5

4] (Field Maintenance) 53-8 H#38H4] 422 &

a8 A 4 ARES Y HAIETE VF 0 500
& Z/0% 34 (Medium/Large Ship) 2.& 500
ke 43 &4 (Small Ship)o2 EFEH, /o

< KDX-T (3N E &) o] 5l 154 =

3}

o
o,

i o

Moo
o
=

£ do B o}

> of
lo,
o ool
o
z
=
g
<3
(o
ot
S
:(ru
ol
ol
fd
30,
ful
N
N,
A ox o
2 =
i)

eh sl AuAAE AHE o, e 8 8, 9
Paz o GuAsgon ARSHES & 5 9
(@A} 1270, Foh4m) 1270, k4] 1070, 3 A

671).
) FHFHE Aol ulgh AujAjz"e] AujA|zke

SE# ¥ (Exponential, Deterministic, Normal 5)7} 2
A7) wlitel An] TFe= AuAANA Tog IS
gt AHEHE A EY e 2k WA, @4 A
(Inspection)& 37go] HAgH A Helg wdato]
A W8-S AAske A E gk, I 8 HA Al
M Aol skl AAET ARge] Qe ojsf

Maintenance) &

et BoAn] (Assistance Maintenance)®= 73]

]_

011

0 ek FohlA P A
A, 247 9 P 27t ¢

re

o].oq _T_i oﬂul—zé u] Ex% o7z A ;\] o}:
B4 AHgAte) Rulseo] Raalu 4

3 Z“ﬂl"ﬂ ek Auls w3 Zé ] (Station

ol el Aol atE= A R

woll thell S AuAAd, gnlg gn) 2 372 o]

s}oq AvE oz e, A4, e, A, A5AE, )
% 53 ANk AUEA T A g Qe
ohJet 917, F9] Aul7k Wastel WAtk elx o

3 (5)/e] A BHIEe] oJs) Gulsk Qs of
Agu] 2 3 A Guloibel SiPAst Aeke §

3 Apdol A= BAo] glek olel whalo] @A}

2 171 9¢] 492 A4 guilgwton guls
Falels Aow BAE 7)7to] ol Aulad % 4w
& Al ol wet guagte] A4 EE 540l 9
=3
[Table 1] Capability of each repair stations
O : Serviceable, x : non—-Serviceable
Inspection, .
Assistance Field Maintenance Ma:rﬁig:ar;ce
Stations Maintenance
M |« M | M |
Large Small | New| Large Small | New Large Small
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[Table 2] Arrival rate
k i/ 1New) | 2Miage) | 3(Smal)
Istations 0.0301 03233 0.369
1 Ostations 00192 01562 0.3342
(pectin) | 3stations 0.0027 0.0247 01479
Jstations 0.2055 1.2301 0.2822
k i/ 1New) | 20Mlage) | 3(Smal)
) Istations 0.0274 0.2658 0.2356
e | 2Stations 00137 0.0658 0.0658
NG 3stations 0.0027 00219 00548
4stations 0.1671 09671 0.1918
k i/ 1New) | 2Miage) | 3(Smal)
) Istations 0.0027 0.05% 01342
(Fiad Ostations 0.0055 0.0658 02521
e , | 3stations NA NA 0.0904
Jstations 0.0334 0.23%6 0.0877
k i/j INew) | 20Mlage) | 3(Small)
Istations NA NA 0.0027
(St:ﬁ Istations NA NA 00164
i N ™ Sstations NA NA 0.0027
4stations 0.0066 0.0192 0.0027
Zy A gl AH] A7RS St A B FA20]S
Haste] 2AAEt o Table 33 2At)h o= 1 AGu]H
(=1, AP (=), oFd78H] (k=3)2 42¢<S ons
o} 28] AW)AZE kol NASI An|AE = sl Au)3
of Aulsge] &S onsttt

[Table 3] Period of maintenance

k i/ 1New) | 2AMiage) | 3(Smal)
1stations 4 days 3 days 2 days

1 2stations 4 days 3 days 2 days
(Inspection) | 3stations 4 days 3 days 2 days
4stations 4 days 3 days 2 days

1859

k i/ INew) | 2MLag) | 3(Small)
J
9 1stations 7 days 6 days 5 days
. 2stations 7 days 6 days 5 days
I(ASE. steree 3stations 7 days 6 days 5 days
4stations 7 days 6 days 5 days
k i/ INew) | 2MIag) | 3(Small)
J
3 1stations 42 days &4 days 28 days
(Field 2stations 42 days &4 days 28 days
i 3stations NA NA 28 days
4stations 42 days 84 days 28 days
k i/j 10New) | 2Miag) | 3(Small)
J
4 1stations NA NA N days
(Station 2stations NA NA 0 days
Nty | stations NA NA 9 days
Jstations 90 days 70 days 90 days
5.2 2MzAut
AT AUAEY R FEste] $HE AT 2
34 K9 A=A A B dA AE e %S
Table 49} 2t} AvsEo] 71 2 4 Au|7del 52%, 2
Qv 239, 19¥13 19%, 34413 6% 02 w5k
Aol HA AL e 4 ik @A i AR|A 270
43N 62%, 2811 18%, 174113 14%, 3AWH 6%,
o g2 AR £ FU ALE nedrh 493
o BEshA | Aud™ (10%)°] 1, 2443 A
wjR|solof e o 4+ gle,
aP)a FEY A F/AFTA 55%E vl
28k, 2B 23%, BT 2%To 2 FRR1YE
x| sof HAAS & 4 Ak AA sl GuA=Ele
F/NETY 3%, 2T 40%, NPT B5%E +3
M Pt £ F9 IS e BTk A£G
sl WA A2 (180 A8 2 B ADTH
o AjRIF oo Fs &+ 3l
[Table 4] Personnel allocation result
By stations
Present Optimal
station Number of Number of Disparity(%)
personnel(%) personnel(%)
1 000 (15%) 28291 (19%) +4%
2 000 (19%) 34722 (23%) +6%
3 000 (6%) 9749 (6%) 0
4 000 (62%) 794.31(52%) -10%
By type of ship
i Present Optimal
<hi Number of Number of Disparity(%)
® personnel(%) personnel (%)
New 000 (25%) 336 (22%) -3%
MLage 000 (35%) 8534 (55%) +20%
Small 000 (40%) 356.37 (23%) -17%
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