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This paper presents a method for allocating
maintainability using the fail rate complexity. Based on
the target value of the K System's maintainability
(MTTR) for four hours, the maintainability was
allocated to eight sub-equipments through seven
steps. In addition, an alternative analysis was
undertaken on the allocation of the sub-equipments’
maintainability according to whether its target value
could be adjusted. If it is possible to adjust this target
value, the value of the relevant item can be adjusted
while reducing/increasing the target value of the
system maintainability. Moreover, if it is impossible to
adjust the target value of the system’s maintainability,
this value can be adjusted by reducing/increasing the
quantity of the item. By utilizing the results of this
study, the optimal maintainability allocation of the
relevant item can be implemented according to
whether the maintainability target value can be
adjusted.

"r4=2|A|ZHMean Time to Repair),

4H|y .*=j71|(DesignforMaintainability)
DAE B2 2 (Fail Rate Complexity Method),
2 2FEAAIZH(Mean Time Between Failures)
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+= W (RAM; reliability availability maintain-
ability) Z3EZL A4 A5 AH JR2A P FxY T
AME B A2ad 420 ANE 2TAT

25ty & 2EA O Ful = HxQl FF5E A ZH(MTTR; mean
time to repair)< & 3tc}. o|of whgt, A A A= Fo] A HH| = =
B 2] 4o FelSEEd L AU gREA o) Hulg 4

A (DFM; design for maintainability) 7} 21 8 ] o] 2l T} [4].

A SATHATNE Ao M= Al 2" AL = S35 7R
o B9 AAUOR AE FH5]S LBt AR, A4
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Table 1. Maintainability program for systems & equipment

Task Section Task Task Descriptions

101 Maintainability Program Plan

100 102 Monitpr/ControI Subcontractors and
Program Suppliers
Surveillance 103 Program Review
& Control 104 Data Collection, Analysis and Corrective

Action System
201 Maintainability Modeling
202 Maintainability Allocations
203 Maintainability Predictions

Failure Modes and Effects Analysis —
Maintainability Information

200 204

Design &
Analysis 205 Maintainability Analysis

206 Maintainability Design Criteria

Preparation of inputs to the Detailed
207 Maintenance Plan and Logistics Support

Analysis

300
Evaluation & 301 Maintainability/Testability Demonstration

Test
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2.1.2 Variation of the Failure Rate Complexity
Method
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2.1.3 Statistically Based Allocation Method
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2.1.4 Equal Distribution Method
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Table 2. Selection of items to maintainability allocation
for K system

Failure Rate
(failures/10°hrs)
1 A Equipment 558 1,792
2 B Equipment 197 5,076
3 C Equipment 352 2,841
4 D Equipment 162 6,173
5 E Equipment 264 3,788
6 F Equipment 93 10,753
7 G Equipment 11 90,909
8 H Equipment 49 20,408
3.2 Ru] % S A A1

vz &
system® 319] 47 8= P, 1
1% 7F H 4 A 7H(MTBF; mean time between fail-
ure)< Table 22} Zt}.

g A2 K system O 2 A5 K
x]-E ()\) ol

33QH =g
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fail rate complexity methodE A4 5} A th.
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Table 3+= K system 2] A H| & (MTTR) 5 H 7k 44

Table 3. Allocation using failure rate complexity method

A Study on Maintainability Allocation Using the Fail Rate Complexity Method

(2) 22A: Z&
& 107 f/HO| T},
(3) 35H4]: 4] ()

NE Folo] BB
FEAN U 7=l C ﬁ% ArZ gt}
Cri = N A
where

Cg: Contribution to total failure rate
N;: The number of each item

Ni: The failure rate for each item

¢y

(4) 49A4: &4 )= Z 229 MTTRS M;E (\u/
N)9F MyS] FO 2 A&ESltt. o] 7| A He IAGEO]
M =2 E50|t.

Aw
M; = TiMH
where

M;: Each item’s MTTR

Au: The highest failure rate among items

2

Step 1. Step 2. Step 3. Step 4. Step 5.
Determine No. Identify Failure Calculate Contribution ~ Express each MTTR Calculate
of Items per Rate A to Total Failure Rate (VOES Contribution to
Product x 107 f/H Ci=NiN (/) x My System MTTR
(Ni) x 107 f/H Cwi=M; Cq
1 A Equipment 1 0.558 0.558 1.26Mc 32Mc
2 B Equipment 1 0.197 0.197 3.57Mc 32Mc
3 C Equipment 2 0.352 0.704 1.00Mc 32Mc
4 D Equipment 1 0.162 0.162 4.35Mc 32Mc
5 E Equipment 2 0.264 0.528 1.33Mc 32Mc
6 F Equipment 1 0.093 0.093 7.57Mc 32Mc
7 G Equipment 2 0.011 0.022 32.00Mc 32Mc
8 H Equipment 1 0.049 0.049 14.37Mc 32Mc
2Cq=2.313 2 Cwi = 256Mc

Step 6. Solve for M.

MTTRoroduet = 2Cmi / 2Cii — 4=256 M, /2.313 — M= 0.036141 hours

Step 7. Solve for M,, My, Mg, M, Mt Mgand My,

Ma=1.26 M, Mp=3.57 M, Mg=4.35 M, Me=1.33 M, M;=7.57 M, Mg= 32 M, M= 14.37 M
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Ai: The failure rate for each item
Mpy: MTTR of the item having the highest fail-

ure rate

Cvi = M; Cy; 3

where
Cui: Contribution to system MTTR
M;: Each item’s MTTR

Cg: Contribution to total failure rate

(6) 65HA): 4 (4)% BE3tol 1FEo| 7MY
T2 MTTRS AH&-3te.

i
flo

MTTRPToduct = n (4)
21C

where

Cwmi = M; Cyg

Cui: Contribution to system MTTR
M;: Each item’s MTTR

Cs: Contribution to total failure rate

K system@] FH|E(MTTR) BH 3t 4A|7HS 7|&
O F Cequipment?] FH & TFZE M= 0.036141
ANZro 2 T Q.

MTTRPToduct = n
21C
(5)
256 M,
- 2.313
M. = 0.0361 hours

(7) 797 ThE E= o] MTTRE A&317] 98 6
A o A A& E MTTRO] Aw/AiE F3HTt. C equip-

ment®] FH| = &F3 7|£ 02 A, B,D,E, F,G 4
H equipment®] JH| = (MTTR)+= ot e} o] &g
= ATt

0.0456 hours
(6)

M, = 1.26 M, = 1.26 x0.0361

M, = 3.57T M. = 3.57 X0.0361 = 0.1292 hours
(7

0.1571 hours
®)

M, = 4.35 M, = 4.35 < 0.0361

M, = 1.33M, = 1.33 X 0.0361 = 0.0482 hours
©)

M, = 7.57M, = 7.57 x0.0361 = 0.2736 hours
(10)

M, = 32.00 M, = 32.00 X0.0361 = 1.1565 hours
an

M, = 14.37 M, = 14.37 < 0.0361 = 0.5192 hours
(12)

Fig. 12 A~H #X o] st fail rate complexity
methodS 835} v st
A1 9] tree P = 2 5HF T

K System MTTR : 4 hours
A = 1.686 failures/hr

[ A Equipment } [ B Equipment } [ C Equipment } [ D Equipment }

MTTR : 0.0456 hours MTTR : 0.1292 hours| MTTR : 0.0361 hours  MTTR : 0.1571 hours
A = 0.558 failures/hr A = 0.197 failures/hr| A = 0.704 failures/hr A = 0.162 failures/hr

Z3}E top-down

[ E Equipment } [ F Equipment } [ G Equipment } [ H Equipment }

MTTR : 0.0482 hours MTTR : 0.2736 hours MTTR : 1.1565 hours  MTTR : 0.5192 hours
A = 0.528 failures/hr A = 0.093 failures/hr A = 0.022 failures/hr A = 0.049 failures/hr

Fig. 1. Results of maintainability allocation
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Table 4. Results of system’s MTTR can be adjusted

MWRprodud: 2 hrs

KNST

TS AR A

Table 5= A| A HH| & FHGL 4417H0] M7 E7}
ST O B 7 F59 & 245k AU
2 IZE 27«47 1A
equipment), 4(B equipment), 6(F equipment) %
8(G equipment) HA| F52] 32 Ul S7HAI7]HA
B = Gk FolE EA 5T

A equipment?] 2 V] 715614, g 52
MTTRZ 0.628] Z0]E 0.02830] A& H A1, U
] 2552 MTTRO] 1.248] &7} T}, G equip-
ment®] $FE 17 7164, g F52 MTTRE
LOIH] F7hHE 116227 AFE E Q10 UH A F552
MTTRO]| 1.518} &7} = 91 tf.

AHRH 0 g ST F5Y A= IS AL /F
7EA 7= A AEglo]l Al F5o disiA = A
H & dgglo] U3 B &R F7HA7]= 27 &

Maintainability allocation(hr)
MTTRproguet= 3 hrs

MTTRproguct= 4 hrs

MWRproduct: 5hrs

MWRproduct: 6 hrs

A Equipment 0.0228 0.0342 0.0456 0.0570 0.0684
B Equipment 0.0646 0.0969 0.1292 0.1614 0.1937
C Equipment 0.0181 0.0271 0.0361 0.0452 0.0542
D Equipment 0.0785 0.1178 0.1571 0.1963 0.2356
E Equipment 0.0241 0.0361 0.0482 0.0602 0.0723
F Equipment 0.1368 0.2052 0.2736 0.3420 0.4104
G Equipment 0.5783 0.8674 1.1565 1.4456 1.7348
H Equipment 0.2596 0.3894 0.5192 0.6491 0.7789

Table 5. Results of system’s MTTR can’t be adjusted

Maintainability allocation (hr), MTTRyrodue= 4 hrs
Increase the quantity of one Increase the quantity of one Increase the quantity of one Increase the quantity of one

of of of of
A Equipment B Equipment F Equipment G Equipment
A Equipment 0.0283 0.62 0.0495 1.09 0.0474 1.04 0.0687 1.51
B Equipment 0.1603 1.24 0.0701 0.54 0.1343 1.04 0.1947 1.51
C Equipment 0.0449 1.24 0.0392 1.09 0.0376 1.04 0.0545 1.51
D Equipment 0.1949 1.24 0.1704 1.09 0.1634 1.04 0.2367 1.51
E Equipment 0.0598 1.24 0.0523 1.09 0.0501 1.04 0.0726 1.51
F Equipment 0.3396 1.24 0.2969 1.09 0.1423 0.52 0.4124 1.51
G Equipment 1.4354 1.24 1.2550 1.09 1.2030 1.04 1.1622 1.01
H Equipment 0.6445 1.24 0.5635 1.09 0.5401 1.04 0.7827 1.51
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