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Abstract : The reliability test is a crucial step for ensuring robustness of high-cost and complex
weapon systems. In this paper, we present a set of quantitative criteria to select critical parts or
components in weapon systems for the reliability test, and implement a fuzzy inference system
by applying developed criteria to fuzzy theory. We classify the selection criteria of critical parts
or components into four fuzzy sets and membership functions. A fuzzy inference rule is proposed

based on the AHP (Analytic Hierarchy Process) analysis technique so as to derive a convincing

reliability test. The credibility of the fuzzy inference system is confirmed through a case study

using actual equipment data exacted from an existent weapon system.
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Table 1. Fuzzy set for failure rate
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Table 3. Fuzzy set for TRL

Fuzzy rating

(Fuzzy number) Wlegmiing

1 | Very low [VL] |Annual failure rate<0.1
2 (1,1, 2,35 |0.1=Annual failure rate<0.14
3

Low [LOI 0.14 =Annual failure rate<0.2

4 | (1.5, 3,4, 5.5) |0.2<Annual failure rate<0.33

5 Average [AV] 0.33=Annual failure rate<0.67
6 | (35,5, 6, 7.5) |0.67<Annual failure rate<1
7

High [HI] 1=Annual failure rate<2

8 | (65, 7,8, 9.5) |o<Annual failure rate<3
9

Very high [VH] 3=Annual failure rate<4
10 | (7.5,9, 10, 10) |4<Annual failure rate

R 2. A=l o HA A%

Table 2. Fuzzy set for severity

Rank Fuzzy rating

(Fuzzy number) Me: g

1 o No effect
Negligible [NE]
9 (1, 1, 2, 3.5)  |System operable with minimal
interference
3 System operable with some
’ Marginal [MA] |degradation of performance
4 (1.5, 3, 4, 5.5 System operable with significant
degradation of performance
5 Moderate [MO] System inoperable without damage
oderate
6 (3.5, 5, 6, 7.5) |System inoperable with minor
damage
7 System inoperable with equipment
Critical [CR] |damage
3 (55,7, 8,95 System inoperable with destructive

failure without compromising safety

Very high severity ranking when a
9 potential failure mode affects safe
Catastrophic [CA] system operation with warning

-
(7.5,9, 10, 10) Very high severity ranking when a
10 potential failure mode effects safe
system operation without warning
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g ks agel drhd A eyt
o 7 AlsEEg el gl 3
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£ Azre] 2oz A2

Fuzzy rating
Rank| (Fuzzy Meaning Phase
number)
Level 9: Actual system proven
1 through successful mission
operations
Mature Level 8@ Actual system completed %I“Cl;llle
2 [MA] and qualified through test and Dévelo -
(1, 1, 3, 4.5)|demonstration entp
Level 7 System prototype
3 demonstration in an operational
environment
Level 6: System/subsystem model
4 or prototype demonstration in alExplorato
lmﬁl’i\/}]‘lm relevant environment ry
(25, 4, 5, 65)[Level 51 Component  and/or Developm
5 breadboard validation in a relevant| €Nt
environment
Level 4: Component and/or’
6 breadboard  validation  in al
laboratory environment
Level 3: Analytical and
7 experimental critical function
Infant [IN] and/or  characteristic proof  of| Technical
(4{15‘1“6 9. 9 concept Developm
e ent
8 Level 2: Technology concept
and/or application formulated
9 Level 1: Basic principles observed
and reported
G A EAIE JFoR the o] T
H A2 g % (Annual failure rate)E 57019 A&
SE Qe TRl X 13 ol B NFow
4 g9t}

Annual operating time

MIBE W
_ Annual operating time X X
B 1,000,000

Annual failure rate =

2] (1)°lA4 Annual operating time< A7+

&
A2y, MTBF (Mean Time Between Failures):
g 7bsd Al s gl HAEAE 4§
1FE 5 ARNYH s g ARE7A e 3
T Alzkelth, MTBFE AH|7F 285+ 84 2 &
& 2%, 7F ¥4 54, T BE 9 FIEA
T8 AFESE ARG (7] AT 99 ARE
BAEE 2 3 Rielth. w9l AIZE (min,
hour 5)& 7|Fo2 u4d oA WEE EdT 7
- FAZE UF ZA B ER B ol A=
FAAeR MRk AZLS VFoR 1 HA NE
AE E71@h MTBF &9 = 4 ()9
Ea=
MTBF= \/1,000,000 (2)
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Fig. 1 Fuzzy membership function for (a) failure rate; (b) severity; (c) TRL; (d) maintainability; (e) priority
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Table 4. Fuzzy set

for maintainability
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Table 5. Fuzzy set for priority order

Ranl Fuzzy rating .
(Fuzzy number) Lians
1 Domestic maintenance & maintenance
Ver[}{égmrt lead time within 1 month
5 | a, 12 3.5) Overseas maintenance & maintenance
’ lead time within 1 month
3 Domestic maintenance & maintenance
Short [SH] [lead time within 3 months
4 (1.5, 3, 4, 5.5) |Overseas maintenance & maintenance
lead time within 3 months
5 Domestic maintenance & maintenance
b Middle [MI] |lead time within 6 months
6 (3.5, 5, 6, 7.5) |Overseas maintenance & maintenance
lead time within 6 months
7 Domestic maintenance & maintenance
Long [LO] |lead time within 9 months
8 (5.5, 7, 8, 9.5) |Overseas maintenance & maintenance
lead time within 9 months
9 Domestic maintenance & maintenance
VeR/]Il(]mg lead time within 12 months
10 (7.5, 9, iO 10) Overseas maintenance & maintenance
’ ’ lead time within 12 months
2 M2tz
AAEE 2] WAT A A2 L8] o
Wk gL A evtel e F7F Axelnh B =
ol A ATl UF A wA o, oA
g5l o5, G E4 B A= ZE o Fof uj}
Ao FEH AAE $72 57l 255
FE PR T 28 ol W7 NlFew 483
Ak (81
3. 7Ed=sx
NeAdsEe Vs FUIAAAE A
SEE Yee 97 AxaA ol ATdAE 3
Ao ~A&E R e E 33 el Bt 7]
Foz Agagth

Fuzzy rating Fuzzy number

Negligible [NE] (1, 1, 2, 3.5)

Low [LO] (1.5, 3, 4, 5.5)
Middle [MI] (3.5, 5, 6, 7.5)
High [HI] (5.5, 7, 8, 9.5)

Severe [SE] (7.5, 9, 10, 10)

® 6. AHP &4 7¥l& 483 754 24 23

Table 6. Weight factor using AHP analysis

Failure rate |Severity| TRL |Maintainability| Note

Geometric
mean

Weight 0.36 0.39 |0.16 0.08

o
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Table 7. Fuzzy inference rules for priority order
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Table 8. Annual failure rate of TOD detection set
Annual Annual
No. Item name MTBF | AOR |failure| | No. Item name MTBF AOR | failure
rate rate
Detection set front housing IS
1 50,566 | 5,110 | 0.10 17 Laser resonator 107,020 | 5,110 | 0.05
assembly
g | Detection set back housing | g5 790 | 5110 | 0.06 | | 18 Gas cell assembly 2,337,666 | 5,110 | 0.00
assembly
3 Detection set mounting 35935 | 5,110 | 0.14 19 Photodetector assembly 273,076 | 5,110 | 0.02
housing assembly
4 Digital compass assembly 51,432 5,110 | 0.10 20 Photodetector PCB 693,566 | 5,110 | 0.01
5 Objective lens assembly 309,352 | 5,110 | 0.02 21 | Electronic mounting assembly 46,542 5110 | 0.11
Thermal observation device om0 = 4c . oe . b o .
6 power supply PCB 252,542 | 5,110 | 0.02 22 High power supply PCB 174,853 | 5,110 | 0.03
7 DSP PCB 83,048 5,110 | 0.06 23 LRF power supply PCB 130,919 | 5,110 | 0.04
8 Detector/Cooler assembly 15,249 5,110 | 0.34 24 CCD module 66,450 5,110 | 0.08
9 ASP PCB 92,549 5,110 | 0.06 25 LDU molule 119,096 | 5,110 | 0.04
10 Lens driving assembly 20,255 5,110 | 0.25 26 LDU PCB 129,834 | 5,110 | 0.04
11 | bow magnification lens driving | g7 993 | 5110 0.05 | | 27 Objective lens assembly 197,379 | 5,110 | 0.03
assembly
1 | Medium magnification lens | gg 507 15110 005 | | 28 Mid cam assembly 485,185 | 5,110 | 0.01
driving assembly
13 | Image correction lens driving | g, 456 15110 | 0.05 | | 20 Focus cam assembly 346,244 | 5,110 | 0.01
assembly
14 Compensating lens assembly | 1,721,644 | 5,110 | 0.00 30 Controller PCB 29,049 5,110 | 0.18
15 |Reflection mirror2/Imaging lens| 304 570 | 5110 | 0.01 | | 31 Power supply PCB 79,590 | 5,110 | 0.06
assembly
16 Raman laser resonator 95.519 5110 | 0.05 39 Location identifier antenna 961,279 | 5.110 | 0.01
assembly assembly
2 A28 A3 71E AANL 29gES (Severity Class)g& ®3@sted A&}, A %
F2 aasgon, wgel WAT A e B Aol s e A% AP MIL
5 919 obdel A mEte] bs@ Ak WelE ¥l -STD-1629% J1Fo® Ageka glow, MIL-
4 FEoR At @A e gt Bd STD-1629°14& A1Z% 2 %Z  Catastrophic,
AIZE (MTBR) Az 45 dig A8z A& Critical, Marginal, Minor 47}4 3 o& B &F3}
7159l MIL-HDBK- 217FN2¢} A= dlo]g =7 9t [11]. B =RoAs AZ4Es 107t 25
A58l NPRD-95% #§3te] A&sgict [7, 101 o= & o ARstsion, g4 Ao 753 9%
w7 Uz $EURE GF o U 9Fe ARAste] 1 A9 4839

71 Al =
(Ground Fixed)& &% 7]%°i sk, gl gt
Aol A gtAgstal e A
T2 gt = ﬁﬂi%}‘ﬂE% Artalz] 9%
AP EAITFE Q7oA AT AT &8
(AOR, Annual Operating Requirements) < &
2319t B84 NE TAEZY A7RnANES 73
7] 913 MTBF 7]% Arsel A&
.
A tigk HA JHEgES AAMNDE FA A
P¥ FMECA (Failure Modes, Effects and
Criticality Analysis) A3} Ao A4% F3

= I
e-"}‘_n’:

N

Video indicator

Direction controller IR detection set

Mol contofer D T chesnaton Bcogptal
e et

Lase ranger

Auxiliaries

g

sacoack  torage box

Reference signal  Remote controller

L

Vehl:le 4 ton

a9 2. @AY Fa TAE
Fig. 2 Components of TOD
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Table 9. Application results of the proposed fuzzy inference system to TOD detection set
. Fuzzy . Fuzzy
Fuzzy input Fuzzy input
No. Item name oo Deiu“;:: No. Item name =T De(:utrr)’ru't'
everi a uz rit| everi a fuz |Priorit/
FR pr TRL (Maint. sty | F/R il TRL |Maint. Aty | y
1 | Detection set front housing | o |y | | ¢ | 08| 3 | |17 Laser resonator 13153319
assembly
g | Detection set back housing |y | 5 | 4 | | |35 6 | |18 Gas cell assembly 13|15 [33]19
assembly
3 [Petection set mounting housing 5 | 5 | | 3 33| 19| |19 | Photodetector assembly | 1 | 4 | 1 | 3 |35]| 6
assembly
4 Digital compass assembly 1 4 1 3 /35| 6 20 Photodetector PCB 1 4 1 3 135| 6
5 Objective lens assembly 1 4 1 3 135] 6 21 | Electronic mounting assembly | 2 4 1 3 |4.08] 3
g | Thermal observation device |\ |y | 1 | 5 |35) 5 | | 92| High power supply PCB 14|13 /35]6
power supply PCB
7 DSP PCB 1 4 1 3 135] 6 23 LRF power supply PCB 1 4 1 3 35| 6
8 Detector/Cooler assembly 5 4 1 3 14.92| 1 24 CCD module 1 4 1 5 135| 6
9 ASP PCB 1 4 1 3 35| 6 25 LDU molule 1 3 1 1 13319
10 Lens driving assembly 4 3 1 3 14.08] 3 26 LDU PCB 1 3 1 3 13319
Low magnification lens driving . p . . .. . . o
11 1 3 1 3 13319 27 Objective lens assembly 1 3 1 3 13319
assembly
. Medium magnification lens .
12 L 1 3 1 3 13319 28 Mid cam assembly 1 3 1 3 13319
driving assembly
13 | Image correction lens driving | 4 | 5 |y | 3 |33 19 | 29 Focus cam assembly 131|333/ 19
assembly
14 | Compensating lens assembly 1 3 1 3 13.3]19 30 Controller PCB 3 5 1 3 14.92| 1
15 [Reflection mirror2/Imaging lens) | | 5 | | | 3 |33 19|31 Power supply PCB 1|5 |1]3]|35]6
assembly
16 Raman laser resonator 1 3 1 5 13319 39 Location identifier antenna 1 4 1 11351 6
assembly assembly
BAAAT= olw] rtel & Fola, M3} = 73S dojElet wasky] fE) H2 #Hod
BHE v AFE AN 227k SR A e ] £4 A4 ARD e gol B
FolnR JEAdsd dg 1A JEie ©A zA38qek. A, Az Ad 2 AeA A
AE F4F B5F TRL Level 95 A &3ty = o ot wAge AFHAH w1 WFo| LIEA &
A 4] = o] My olglzlo e 1= X Eo - —
Hlso gk #HA] Y @A AE 7% ouw wASAT =4, A4 wA HE L
bl 3 o =} 7 T ElolS 717§ o
] Fef 9 FAH (A H=Eds 1# sk = m o] sl A A ofx AuW] FFoA usy
Z}7}ol B A AyE AL FLol # - - -
A LA A SESE. t TE wE g d5E gusan A,
E@—@—Z}ﬂg} %1-} k"E T Aé'ﬁ'oﬂ EH H Zﬂ?_% S A) B [ IS ) =1 A3 o=
G = — . o HAF-Fo g SH4EAE Adstr] 93 #HA
ﬁ%;(] T }‘])\Eér 7i|o 7&1}—‘:— Eid 994' 45‘:]' = = sk - o1y IR = 2}
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Table 10. Analysis results of the operation data for TOD detection set

No. Item name No. of failure Severity TRL Maintainability Priority
1 Detector/Cooler assembly 4 1 3 20.68
2 Laser resonator 3 1 5 4.61
3 Medium magnification lens driving assembly 3 1 3 2.65
4 High power supply PCB 4 1 3 2.68
5 Controller PCB 5 1 3 3.07
6 Thermal observation device power supply PCB 4 1 3 2.68
7 Power supply PCB 5 1 3 2.71
8 Focus cam assembly 3 1 3 1.93
Analysis of TOD operation data
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Fig. 3 Priority order resulted from analysis of TOD operation data
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