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A study on decision number of maintenance equipment with calibration
for weapon system with Queueing Theory
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Abstract Weapon systemshave been developed with high technology electronic equipment due to technology growth.
In addition, the capital, operational and maintenance costs of weapon systemshave all increased. However, cost of
operation and maintenance for weapon systems has been decreased relatively compared to the increased capital cost
of weapon systems. Therefore, the defense industry needs to research the life cycle cost of weapon systems that have
high operational and maintenance costs. This paper focuses on maintenance equipment for the operation and
maintenance of weapon systems. Recently, it seems that the weapon systemsthat have periodic calibration with
maintenance equipment are valid. The equipment requires periodic calibration by the manufacturer to check its own
validation. Basically, customers demand high reliability devices from foreign companies that have qualified in the
global market. Therefore, the tools need to be calibrated overseas. In other words, weapon systemsare not available
when the equipment has to be calibrated overseas because the systemsrequire validation with valid maintenance
equipment. A purpose of this paper is to compare the loss costs that arise from the calibration of the equipment
overseas and the purchasing cost of the tools.Finally, the research shows the number of equipment that customers need
to minimize the cost. This research will help to improve the efficiency of operation of weapon systems and solve
the problems associated with the need for maintenance overseas.
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845,625,000
78,375,000

Annual Depreciation cost

AZ O0Ae =

Purchasing
cost (won)
12,300,000,000
1,140,000,000

Name
Radar

Table 1. Summary of cost in OO Project

Airplane
7).

5+

FRAAA o] o) o4 24 9

pal

=

=

S,

i ZFo 7k

i 15.A,

of ]

o

Huiol I8

¢
Fol 14~16139) 24 747}

7] 9} F-E7HA + 2] 71X (10%)

L
L

3L

[s}

10%2
+&7]

=

=

Al

A

Zpulst gk
o] 7§ zolh

L

L

obgat Aol et

=
=

KeX =13
T

}iﬂ;}}] GM!
olaL, F WA ‘M

| B oF T =y = s = Iz T EE W R P "
o H o= do £ ol = = W ER BT
N Q o} - N —
PLEE,LIJI Al ] P S ,5.3 ]7imk
Mol X ) 15} =S pll Mlﬂ &y == I
< ™ odo T Moo 2 3 e = TN Ty
Z o L ol o W © .m_ww oo WL T o g
W oM SR T B AR Jp
B o U g L2 §9 g NS~ BN
N B w22 SEW . TECRLIm
=~ % e —~ X o !
R BT RE s Z TEfT ®oT g ndH
= " E T El S &= BLET
- xR @ ﬂr, TR w ez 3 BN !
o _ = 8 = 7 i T g R IO S <
= o o B = 97z wWOE - oxm Ak {5} 0 5
= BR o 8 X T <] iy n =3 ol TR ,D! sl
RO N CE_ X HUT D mgE s LT
MW@lszl C o .m Mo ) \M/MJU G ol o O T W ﬂorm
N BT = o= § o E 9 g N H o TN O
Gt eE RIffroEtiTe FUHT AR
T o o mw\mo.mmﬂm\m & % 2 = Cd B ]
= — ®O IR S BV BECv B v B S O — ©
TWETE L 0 T Lo T R )
e X I 2 g5 B g T HE 2T g
BK g E 5 S e RO RO O RO R 2 o on B H
wmeER® ¥ O~ T2 & I I
ooy N Y Y AT D o A B W
ooy " oo <R OB oW
L o oo &y we H W o To oy = T
ol ~ ~ W <~ ® o W Pl w.o _- o O RO
X Ho = W T ode A oo CUC IS = N
~ o i N L ) — o o
=~ o 0 O wm o= o T e T o R
A% A R RN TRl cy
R R T T i P =
Moo : R R R I S S : =
x L) = < owm T E = o BT T
N o DI~ R - RO R <
N NN oo d.MoPATJO N =
<0 ~ O o = X o) do - N o Y i X0
~ S5 F WA TN Ty X
~ S N, op N 2 o zo o P = o N
N S - = T AR &4 o XKoo o N do B W Zo
Ir‘_q l_v.h_l OnMZﬂDI 1J|_zT1l]7LX X
o Sl de W o g BT X T2 TR Ty
Irs o i alo ~ ny W o}J ) <+ X =M = = = HrL 1dr|
] o o] § N N ool W ol o 4 e G
5o FR 9w I i N
g & N g MR T ol BTk honog
Ko A B ﬂAi%i%Ja%%Vﬂﬂﬁ _zﬁ#
R I T o o = D =S W ICs
T ® L @ ﬂ%@%%ﬂﬂ@maﬂﬂ% B o N
I z FERedrE AP g BREX
Lo TEe R P RIET e @
WE o REme X BE ORI g
s o w0 = iy E?]ELﬂo fras N
B o] zw ~ P oo o e w oo o do ® L
A N R OB D AR T S NN

AL
fou ol

AL
s

o A%

o]

=

¢

=4
74y

1)

%

[e)

A

A

A

155



A 71E8 8] =2 A AW A0E, 2017

A5 enjgit), dl WA oo’
= ofmjo, TAl WA oo’
= omjelth. oA WA FCFS®
= A2t o] *J?J*J%O] = 91U101D}. Al &5
A5 A5, ARzt el
FCFS?l 7% 5% A=rpssit)
il Mol MM/1S A}
2ol AuAadls g7 E s 897 v
Hol| A A|~Ee] AeHER AR EHE da e
TAH =AY S0 ks ARl A
SR s a71gE MM/l |

Table 2, M/M/1 variables

Name Variable Remark
. Arrival te A t
Arrival rate A vals occur ar rate °
a Poisson process.
1 Expected value of arrival time to a
Mean Arrival time 5y exponential distribution when arrivals

occur ar rate A to a Poisson process.

Service times have an exponential

Service rate H distribution with rate parameter /L.
Expected value of an exponential
L 1 distribution
Mean Service time ; [When service times have an exponential

distribution with rate parameter [i.

In a steady state, the average time spent
waiting in the queue.
A
w=—2>2 _
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Table 3. Summary of Maintenance equipments in OO

Project
Maintenance | Maintenance
Name Use .
Cycle time
L Check inclination
Digital
value of an actuator | Every 4 month 3 weeks
Protractor .
after exchange it
L M f LDRF
aser casure Every 12 month| 6 weeks
Power Meter laser power

Digital Protractor™= ¥-37] “gH]7gH]o]al, Laser
A

o
Power Meter= 3+37] B3] 2] An|da]o|t), 7} 4
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Table 4, M/M/1 variables for Digital Protractor

Name Variable Remark
Arrival rate A(A) 1/120
1
Mean Arrival time — 120 days
) A4) Y
Service rate u(4) 1/21
1
Mean Service time — 21 days
u(4)
Mean Waiting time VI{I (A) 445 days
Sojourn time TMA) 25.45 days

Table 5. M/M/1 variables for Laser Power Meter

Name Variable Remark
Arrival rate X(B) 1/365
1
Mean Arrival time 365 days
i A(B) Y
Service rate w(B) 1/42
1
Mean Service time 42 days
w(B)
Mean Waiting time VV(; (B) 5.46 days
Sojourn time W B) 47.46 days
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Digital Protractor2] H|=AE(N(4)) 1/120 ©]aL
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laintenance needs
& Send to
Manufacturer

Check Availability of
Maintenance System

Waitin a line by
finishing of
previous
maintenance

!

Finish previous
work

Do maintenance
work

Do maintenance

work
Y
Finish work &
Send back to
Customer

Fig. 1. Flow chart of maintenance work
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Maintenance Cycle process

Arrived ti
Random | Maintenance m\-re me
Product at maintenance

MNumber Cycle )

station
1| 0411733 63.668972 63.668972
2| 0533727 91558169 155227142
3| 0.304300 43540417 198.767559

Fig. 2. Maintenance Cycle process
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Maintenance work process
Random | Maintenance | Maintenance Maintenance
Product . . AL o
Number | work time Start time Finish time
1| 0.061584 1.334809 63.668972 65.003781
2| 0193942 4527594 155227142 159.754735
3| 0.661322 22736791 198.767559 221504350

Fig. 3. Maintenance Cycle process

AU B oo} 22 EF ol

(1) ¥4*(Random Number) A4

(2) W AIZEEA (Maintenance work time) 2343

(3) AW AIZA A (Maintenance Start time) 2J/d

(4) 7395 A" (Maintenance Finish time) /g
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Maintenance Analysis process

Waiting time for

Total maintenance

Product ) ;
Maintenance time
1 0.000000 0.260452459
2 0.000000 23.77351698
3 11.278518 2419964305

Fig. 4. Maintenance Cycle process
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4 .7—:'% Table 7. M/M/1 for Laser Power Meter with Simulation
and Formula
= N 7 =1 Aq . Remark
PRINE LIRS Name Variable —
QA u| A= A& ol|Ho R 4335 R 1
OHQ} ] OH] EX}E M/M/1 ]'gﬂﬂ ] ‘i*—‘i a go]— Mean Arrival time W 365
s ° P
Sitt. &HFeH(unbiased) A2k FldA, 108] 3 - 1
o Lo Mean Service time — 42
T Hagke U ”’(f))
. _ - Mean Waiting time W (B, 5.46
agja Aol Ags trldEel® 49 A —— !
Sojourn time M B) 47.46
=] = I~ -
Tkt vastdet. 13] AlEHeld Al AR EE Mean of i
maintenance cycle Mean value of 365.33
Fig.59} 2t} Fig.50ll= 15904 Au]dA71x] %713 R Simulation ’
g o 2t g = A IE7HA 13k (Mean Arrival time)
= 2=EE Mean of
]u} /‘\zxﬂi 1000 }ﬂ H %] H]HEL/Q”]'X] ‘I‘EE 0}9?\‘:}- . . Mean value of
maintenance time Simulation 41.93
Table 6, Table 7-> Z}Z} Digital Protractor®} laser Power (Mean Service time) N
Mean of
o) 3] A Jo] 1 o .. .
Meter"] 10§] ] ﬂ ] "] 3 Ak ]E]— waiting time Mean value of 623
for maintenance Simulation ’
(Mean Waiting time)
Table 6. M/M/1 for Digital Protractor with Simulation and Mean of
total maint i Mean value of 48.16
otal maintenance time . . .
Formula : . Simulation
(Sojourn_time)
. Remark
Name Variable
(days)
1 =1
Mean Arrival time ) 120 AlEe o] A AYF7](Mean of maintenance
1 cycle), HiA1| A7 Mean of maintenance time)s 2]
Mean Service time 7 21 _ = ~ - _ _
ud (1;) 103] FitgrEol th7|hdole 40 ol &gkt ke
Mean Waiting time 4.45
PN
— ! A vkt AlEeolde] Atgro] o] 243l 49 2
Sojourn time MA) 25.45
O ALE e
Mean of Hghat Ak AS Bl7] wiel, Alg o)
maintenance cycle Mean value of 120.92
y . . A o 3k =] B 2= 0]
. . Simulation zre ANF e vlkslcla
(Mean Arrival time) e A wetrhal = 4 gl
Mean of
. . Mean value of
maintenance time Simulation 21.39
. ul
(Mean Service time) 4.2 ™d|ZEH| 2o cie ™
Mean of
waiting time Mean value of 465 ]E‘Eﬂol}q’] 3 —EL%%OE ILPE“&, 'Jl—'“]l—Q] Xé H];E}‘H]'E‘
for maintenance Simulation ’ - =
L 26. ~27)Y, 48.16 (=49) ¥ S<t <] £]54u]7
(Mean Waiting time) 6.03 ( 7) é’ 8.16 ( 9) 2 o U H ] ]T e] ] ]
Mean of = o = = =
. . Mean value of Z_]'O] BEU‘LE @E]’ o] 7]7]"— °Hg Q]‘I‘Zoq ]‘l‘7] IQ%?}
total maintenance time Simulation 26.03
(Sojourn_time) 7)3kol},
Maintenance Cycle process Maintenance work process Mai ce Analysis process
Random Maintenance A"“_@d time Random | Maintenance [ Maintenance Maintenance Waiting time for | Total maintenance
Product at maintenance | Product B . . Product ) )
Number cycle — Number | work time Start time Finish time maintenance time
1| 0.368426 167.732386 167.732386 1| 0.040370 1730707 167732386 169.463092 1 0.000000 1.730706753
2| 0964346 1216.867604 1384.599990 2| 0743128 57.085434 1384.599990 1441.685423 2 0.000000 57.08543354
3| 0248156 104.107531 1488.707520 3| 0919859 106.006648 1488.707520 1594.714168 3 0.000000 106.0066479
4| 0.618019 351.270194 1839.977715 4| 0.793385 66.229783 1839.977715 1906.207497 4 0.000000 66.22978259
5| 0232706 96.683107 1936.660822 5| 0457168 25660128 |  1936.660822 |  1962.320950 5 0.000000 2566012801
6| 0.119700 46.534904 1983.195726 6| 0.210378 8.920424 1983.195726 1993.116150 6 0.000000 9.92042418
7| 0101971 39.256783 2022.452509 7| 0.360059 18747928 2022.452509 2041.200437 7 0.000000 1874792836
8| 0.104961 40474123 2062.926632 8| 0.859267 82357506 2062.926632 2145.284138 8 0.000000 8235750574
9| 0.253466 106.694625 2169.621257 9| 0.360989 18.808997 2169.621257 2188.430254 9 0.000000 18.80899701
10] 0982320] 1472.893654 3642514911 10] 0.769858 61700402 | 3642514911 | 3704.215313 10) 0.000000 6170040247
11| 0115043 44.608992 3687.123902 11| 0652328 44372823 | 3704215313 | 3748588136 1 17091411 6146423391
12| 0126291 49.277782 3736.401685 12| 0.792862 66123620 3748.588136 3814.711756 12 12186451 7831007115
13| 0447752 216.721708 3853.123393 13| 0489270 28.220406 3953123393 3981.343799 13 0.000000 28.2204063
14| 0.176610 70.928682 4024.052075 14| 0.353199 18.300090 4024.052075 4042352165 14 0.000000 1830009034
15| 0.395265 183.582230 4207.634304 15| 0455116 25501629 4207.634304 4233135933 15 0.000000 2550162857
Fig. 5. Example of Maintenance System Simulation
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Table 8. Summary of loss cost in OO Project by
maintenance overseas

Daily loss cost Days for annual Total loss

Name .
(won) maintenance cost (won)
Airplane 3,382,500 81 273,982,500
Radar 313,500 49 15,361,500

Digital Protractor®] 1%+ 3] 2|54 H]7]7F 81
olil, o]2 1% FIU|e &AHEL 3
(=3,382,500 < 81) 0|t} Laser Power Meter] 17t 3
9] 9540|717 49901, o] 2 Q13 &7 g
H)9] 7]3]4u])-8-2 oF 0.15%(= 313,500 x49) o]t}

AugulE 7 g A9 47 E4uE W

3}+= Table 9, Table 103} 7t}

12 e

8
o 27

[

Table 9. Summary of change of loss cost in OO Project by
alternative Digital Protractor

Number of | Total purchasing Total loss

. Total cost (won)
Equipments cost (won) cost (won)

1 539,000 365,310,000 365,849,000

2 1,078,000 0 1,078,000

3 3,234,000 0 3,234,000

Table 10. Summary of change of loss cost in OO Project
by alternative Laser Power Meter

Number of | Total purchasing Total loss

. Total cost (won
Equipments cost (won) cost_(won) (won)

1 6,000,000 15,361,500 21,361,500

2 12,000,000 0 12,000,000

3 18,000,000 0 18,000,000

] o
H]

Digital Protractor®] 1t} -vjjH]-8-2 53719
o] wj WAYS}= EAH B2 396315317k
< T3 S48 3
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