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Study to Optimize the Concurrent Spare Parts of
Multiple Function Weapon System using Failure-Function Matrix

Kyung-Rok Kim", Hyo-Jun Choi'
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Abstract To develop weapon system, Concurrent Spare Parts(CSP) is one of the important somethings in terms of
Intergrated Logistics System(ILS). CSP is very important to improve the availability of weapon system, and various
research about CSP are performed. However, most of the research does not consider the effects between sub-item's
failure and weapon system's multiple function. In other words, if sub-item's failure does not seriously influence
weapon system's specific function, the point, not necessarily to replace sub-item, is not considered. Therefore, the
method to calculate CSP based on above consideration is written by failure-function matrix in this paper. The study
follows the procedure below. First, it's to define the operation and maintenance procedure of weapon system. Second,
failure-function matrix is developed. Third, simulation model is desinged by input data. Finally, The quantity of CSP
is calculated by simulation and evolution strategy, meta-model. This study suggests new research direction to calculate
CSP.
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Table 1. Failure-Function Matrix
N Failure Function
o Ttem(A) ltem(B) Tem(C) Ttem(D) ltem(E) o B ¥
#1 0 0 0 0 0 1 1 1
#2 1 0 0 0 0 0.7 1 1
#3 0 1 0 0 0 0.7 0.7 1
#4 0 0 1 0 0 0.7 0.6 0.8
#5 0 0 0 1 0 1 0.7 0.7
#6 0 0 0 0 1 1 1 0.6
#7 1 1 0 0 0 0.7 0.7 1
#8 1 0 1 0 0 0.7 0.6 0.8
#9 1 0 0 1 0 0.7 0.7 0.7
#10 1 0 0 0 1 0.7 1 0.6
#11 0 1 1 0 0 0.6 0.6 0.8
#12 0 1 0 1 0 0.7 0.6 0.7
#13 0 1 0 0 1 0.7 0.7 0.6
#14 0 0 1 1 0 0.8 0.6 0.6
#15 0 0 1 0 1 0.8 0.6 0.5
#16 0 0 0 1 1 1 0.7 0.2
#17 1 1 1 0 0 0 0.3 0.8
#18 1 1 0 1 0 0.2 0.4 0.7
#19 1 1 0 0 1 0.2 0.7 0.5
#20 1 0 1 1 0 0.3 0.3 0.5
#21 1 0 1 0 1 0.3 0.6 0.3
#22 1 0 0 1 1 0.5 0.7 0.2
#23 0 1 1 1 0 0.5 0 0.5
#24 0 1 1 0 1 0.5 0.3 0.3
#25 0 1 0 1 1 0.7 0.4 0.2
#26 0 0 1 1 1 0.8 0.3 0
#27 1 1 1 1 0 0 0 0.5
#28 1 0 1 1 1 0.3 0.3 0
#29 1 1 0 1 1 0.2 0.4 0.2
#30 1 1 1 0 1 0 0.3 0.3
#31 0 1 1 1 1 0.5 0 0
#32 | I 1 1 | 0 0 0

5262



o =R o R RO my 03 anli L e e S oF WO
iy T B xRN B T o= o o= W o
Bl —_— ~ 1 o :i H;vL R 1m o =3 iTu U_l ﬁa of N \_IAO.H q\_
& w9 T g i 70 N B S o m 2
el e dpRmE L R g X gk B R
X - = ~ X ;oLMnJJlot ~ OEE =y
o LN ﬂﬂ7i%mﬂ ol J@ﬁﬂdﬂ ﬁ%xo ™ W o ®
4 BB o S E R Lk o B oon it o T
o+ LW PmERH A ) S e Bag®
- . . f © 9
i T ogmgar B sy iiziar EoT
o I TR A g ywm BB e Jo
‘m._..*: ,AO N_AH < Jvﬂ JHL \M ‘.LI ‘Nﬂ EE —_ JyAl EW ﬂ.l \H.OI \;b 17r_| Eo _.E ﬂ ‘ml S.L
i e ok ®ym W rx e Ly 2eo9
o T o By mE g T et L HIE
o RE o ER e g R o I T N R
o ° oo X e R = < ST wpowp ®
T dr1ﬂ 3 ] N o — N m- uTi,Dr} |
= w5 o7 s - oy o R A ol ® X B &=
X o w2 . A E o 2 ~ o T . X" o OF o — T OF To mpy
~ o = K ‘ﬂl .A,.ﬂ = »ﬁ o o X F:F ]Em E.e = ﬁo —_ ‘ﬁAT . Pa X N _.E b KO H
M o pE oW I8 o RN cemR g [ F O ewoE g
.% ™ ) o o X m ],Ur! ,m_AII iy _.I_._“___ w‘.ﬁwu o do 21 v o A= = .% X ‘TI of X0
N o| T o mE W ow ode How W o) o1 %O o oA o o~ o N Mmoo T
- WA ERHRATHT T T N R I A S
5 ) e S % S o®pE € AT Rk TR T
e s O WP ~NTE T F R Ak e
ko)
iy
El S Ty Tty P = o
= Mo ooy T RN I ARG ST ~ X
~ g v o IR T = S
o B N o U g o MR TR o W X! =
S PELe R4 T Gl RN TP o w
| i) ) W o M o T N o 2 wa .
xo o ook o ﬁm ™ T o oo 2 A oo
| T w o X5 i o o ™ = % ) o B
o P i g X = e R T & o
WE e ® g 0 DRI = - W E
ROEan =& < N T I
EW%Q%%%E% ﬁ%%@%ﬂ@ =5 wﬁ_{%%
Too- %o 7NN Ao =P ook R g XML
1l Nogo O wro TSR o R — = oy o o T RO ™ o =
o T N o T = M = T o o
X o < I = MW Zo z X o7 B o ~N g T om K
|—../|h E.# h Jl T o < o ,QI —=o S T L %o 1_f ;Ir\_y| s E% ‘;Imﬂ 7 < ¢ To o ‘_lbr
Tlg _dowpi IHTo Mzl xzm X -
Jo = # . XX i I
NPT w YA g S e T T N _mpd 2gom
o R N R I R . R TIN5
KO Jo T wv oy o W o A M - "< A g g < M = o H
— £ S X - X X e O b —_ < m go T oy
HxN o % o < = o) W oo R om0 AW o= K e =
\ oy R 3 . X X B - < op ok 7o oo
o~ ﬂ.o wm T ‘D| - o % ﬂ__mo = o ~ ‘UI e 1 ° = OE xr C o)
—_ XT.mﬂo . IrL‘qu‘.m,lﬂ J . S @
< H oo X 5o m & oy < B N b oo mom W oT < Qe
T e W W o @ o % 3T K o M B

Ps

Pa

Ps

P2

P

Table 2. Item-Process Matrix

Ps
Ps
Ps
Ps

Pa
Pa
P4
Pa

5263

P3
P3

P2
P2
P2
Pz

P1
P1

Fig. 2. Operation Process

(Missiun lﬂj

(Missinn ﬂl]

[Mission N3]
Mission #4
Mission #5



S| Eesl=EA) A16d A8E, 2015

System Operation

Table 3. Variables

Classification Value
' Lv.l - Lv2 N(@48, 4.8)
Trav(e;r)ﬂme Lv.l - Lv3 N(120, 12)
Lv.l N(12, 1.2)
ALDT
Move for Lv.2 N(24, 24
Maintenance (Hr) v ( )
Lv3 N(48, 4.8)
e Mission #1 Half
//tj:g;:r\ \—N /SC:;ZkI::r: k Order & Stand By F?ecile[;zncf)f Mission 2 Quaﬂer
\ST.EN:V -»\deemepa" quany Mission #3 Mothly
Operation(Yr) Mission #4 Quarter
Mission #5 Mothly
Stand By Mission #1 20
Occu”e“cef Mission #2 10
Frequency o .
Non-Plan M?ssTon #3 10
Operation(%/Yr) Mission #4 10
Mission #5 5
Process #1 N(100, 10)
Required Process #2 N(30, 3)
. . Ti P #3 N(40, 4
Fig. 3. Maintenance Process (grl )C Proccss " NEZO 2;
Tocess 8
Process #5 N(25, 2.5)
@ A%4 A=
AR DAY A AR ARE AR
o PO oo EL 7F ok FAEY R, B A (Mean
A 2e oA ARE-sh= HS3(Variables) 2t 714 7] i ) N
S TAE 717t BoEi £4(Load Attributes)© Time Between Failure, MTBF), 2. —73?}74]%, WAL, F
oF- 8w a4l T — #78(Load Attributes) 2
= Uy AT, FE AL, FEAZES Table 4014 A olakith
o - o T AR R AT0] RelEA) e el FAHEL 4w
W A A I ol e AR AN A d s " 11 o b
2 8.4 {H Administrat i Logistic Delay Ti g BAtR RS, 1 A elekx 1 & HEw 5
a ministrative an ogistic cla’ me, - _ _ -
N s Y T A A FEIG 1ET YRuPARe 7 THE
ALDT), 9% 8 718 2§ 7], % 9 v A2 &4 e _ N
- o o] 2 9 I, AR I 2 A
7], 2glal 5 W AP A d 22 A7 Table b o - Lo I
s ol % ot e EE GET 39 WA el A0 AT RLE
3 ol Aottt o] T o Hl Alf 8 T S,
WA % B AL B A FAE A QR e
Table 4. Load Attributes
I Quanti MTBF Replacement Replacement Repair Repair Time Order Time
tem uantit;
Y (Hr) Lv. Time(Hr) Lv. (Hr) (Hr)
A 1 E(566.05) Lv.l N(L5, 0.15) } } N(1200, 120)
B 1 E(1213.31) Lv.2 N(1.4, 0.14) - - N(2400,240)
C 1 E(1404.9) Lv2 N(L1, 0.11) Lv3 N(720, 72) N(2400,240)
D 1 E(766.7) Lv2 N(L0, 0.1) - - N(1200, 120)
E 1 E(7619.59) Lv3 N(1.7, 0.17) Lv3 N(1200, 120) N(3600, 360)
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Table 5. Symbol Definition oAAE AL oigte 21E WITh Table 6 X235}
Ai}o]t}
Symbol Contents
7 the population size
Table 6. Optimization Value
A the number of children produced in each generation
R the replacement policy Classification Value
- CSP # of Item(A) 5
[0} the fitness function
CSP # of Item(B) 4
X a recombination operator CSP # of Item(C) )
A the increment/decrement value for modifying the CSP # of Ttem(D) 6
g standard deviation O of each individual CSP # of Item(E) 1
vy a termination criterion
A9 Av, A 037} = 96%E W FAE
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