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ABSTRACT

Purpose: In this study, the reliability growth management procedures for armed vehicle is suggested and
an illustrative case study of launcher system is given.

Methods: Crow-AMSAA model is adopted to manage reliability growth of armed vehicle using failure data
acquired from development test phase to field operation phase. Between the development test phase and
the production phase, the suggested reliability growth procedures for armed vehicle entails accelerated life
test of the selected module whose design is changed to improve its reliability for assuring the target system
reliability. And it can be verified through estimating the system reliability based on the failure data of field
operation phase.

Results: It is shown that the proposed reliability growth management procedures are effective for armed
vehicle based on the case study of launcher system. After estimating the reliability of launcher system at
every development test, some items are selected to change their designs for improving reliability. Accelerated
life test is performed to prove the reliability improvement and finally it is verified through the field operation.
Conclusion: The reliability growth management procedures for armed vehicle is suggested and the case study

of launcher system shows it can be effective for managing the reliability growth of the armed vehicle.
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Figure 1. Reliability Growth Management Procedures for Armed Vehicle
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Table 1. Subsystems of Launcher System

Level Items for Each Level
System (Level 1) Launcher System
Ring Assembly, Turret Turning Electrical Control System
Revolving Turret for Combat Vehicles Combat Control System
Subsystem ; B B .
Electro-Hydraulic Drive Unit Radio Set
(Level 2)
Vehicle Frame Mechanical Hardware Kit
Weapon Protection Cage Vehicle Equipment Kit
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gHett}. <Table 2>+ 17 dlojE] A A3 & 7]5%H]

bk o wgo) ohd A9-g %
Aol 2 A9 w3 vjolE wel gaolth.
Table 2. Summary of Launcher System Test Data

DT oT FT

Cumulative 270.9~1,502.2 Varies According to
. 0~270.9 (hrs)

Operating Hours (hrs) Launcher System No.

Number of Failure Data Used 0 31 22

(Number of Failure Data Excluded) (4) (15) (D

<Table 2>7} YRRl ol= ZIAE 712 Al (DT) @AY A-foll= 7H8-¢F 2 vlolBlE 13 5 glsleh 24
2 0 Al S 3 dlo 1“ 51%}0] WASE - 8AITES] A s G 5 YUY e 8 Al -
317K, oFd Al e] A9 227 7 dlolH & 73 o Ao, o] i HoJHE Crow-AMSAA A= % A7 4]
2o AAFIo R 7+ A ‘%ﬁl% AL AJA 9] AlE EE —irxéé}‘?iq. 71%E 7] A o] Al dHolH 42
E-BOME 71202 A7 (Level DI 24 753 42 (Level b F582 RRE 173 dol8 2 283490
W 245 1% 7+ FF A7 28-S JERE MTBF (Mean Time Between Failures) (m/(7))$} 14 2% 84

(Failure Intensity Function) (p(7)& 7]Z202 AA A%e A% ARE olsgith. 14 voH AL
ReliaSoftAle] 21F & A4 4] Z2 131 RGAE °]&33ith

3.2.1 71%8788] LA} OT 1oy 24 23}

715w B A o4 Aol F=-F 317 31 dlo]EE Crow-AMSAA A= 4% 34 2o
) 71O

gksto] 43 Ay OTHAIY 5 MTBFY +4 32 53.4hrso] 1, H% 114 7= (Failure Intensity) 574 %t
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Figure 2. Estimated MTBF and Failure Intensity Functions Based on OT Failure Data
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AL A Ale] OT 124 dlolg] ¥4 A7 4% 4355 (Growth Parameter) 5+ 0.7434, 4745 (Growth
Rate)2 0.2566°]t}. Crow-AMSAA 22| & 3% 34 B4 fgke] 03} 140] 9] ks 71 wl= A|A|9] A==
7 AgEta seel e walde] OT a4 dlolel & B413 A3} dojzl f3k (0.7434) 2.2 shehsl] & o OT 7]
b st AAL AEee AR B o Atk @ AR 71z S B gl disiA e Ald-A-A1E
(Test-Fix-Test) W2le] Ad & Faladvta 7Pt <Table 3>& WAl (Level 1)E TS 2=
£ 24 HES Aol wolth 1 A% HAA (Level 2) Blol A AolA), TAREL, FEHUE, 17163440,
HFA A 28 o R v MTBFZF 488 & 4 9l

lo
rz
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Table 3. Results of Launcher System OT Failure Data Analysis

Number of o Growth “
Level ftem Failures p Rate p(T) Th(r?))
1 Launcher System 31 0.7434 0.2566 0.0187 53.4
2 Electro-Hydraulic Drive Unit 0.7246 0.2754 0.0052 188.8
3 Motor, Hydraulic Pressure 3 0.7192 0.2808 0.0017 570.7
2 Weapon Protection Cage 14 0.6703 0.3297 0.0076 131.2
3 Winch Support Boom 9 0.7176 0.2824 0.0052 190.7
4 Wire Rope Hoist 3 0.4695 0.5305 0.0011 874.2
4 Winch Support Boom 5 0.9275 0.0725 0.0037 265.5
2 Combat Control System 3 0.8380 0.1620 0.0020 489.8
2 Mechanical Hardware Kit 3 0.9370 0.0630 0.0023 438.1

3.2.2 71738 YA Y] FT 1% dlolg &4 ZAx}

715741 @Ak o] OT 314 dlole] B3} vha7bA 2 FT (Fle 1d Test)ol Al 4= a wdlole] 22702 A7)
% 9 F5 H2 2780 Crow-AMSAA A% 44 54 23] 248 A3}, Al A4 HF MTBF 374
7ke 57.1hrsol1, HE 1 A% F=4 7k 0.0175 9] ME}. <Figure 3> FT 7|7t 5<t whAle] A A|e] Al7to
w2 (7)) p(7)¢) W3S e el Zolt, FT aadlole] B4 Ay} 248 4% 54 5 1.2854, 445
& -0.28542 et &, m(7)& A7l meh s p(7)E 716t 982 & 4= uk webd FToA
A% 2 dole B4 Ay o] 717k B9k ul] AAlY AHE Ao o] FolAria Rl ol
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Figure 3. Estimated MTBF and Failure Intensity Functions Based on FT Failure Data

<Table 4> FT 1% Ho|EE 7|5 o2 WA AAS A8 1Y 459 F5E5] e A= A% &
Feet Aatolr}, 1 A BAA (Level 2) FEAA TERUE, A7, ‘HFAAI 28, ‘A oA, 7]
58 £o 7 W& MIBF7F #4500, 71571 WAt MTBF 54 gho] =3 gt (MTBF=100hrs)& W
A FZgE o qurk wpeba] A A Al AR E NS $g 227 dasty o] & flste] FAA £ 1 89

FriA A= ANt F5S A8t

Table 4. Results of Launcher System FT Failure Data Analysis

Level Item Nl%bl?r eOSf B Gﬁg?éh o(T) T(A’ifrg )
1 Launcher System 22 1.2855 -0.2855 0.0175 57.1
2 Revolving Turret for Combat Vehicles 3 1.3855 -0.3855 0.0026 388.5
3 Gear Assembly for Decelerator 3 1.3855 -0.3855 0.0026 388.5
2 Electro-Hydraulic Drive Unit 7 1.1048 -0.1048 0.0048 208.8
2 Weapon Protection Cage 5 1.0987 -0.0987 0.0034 294.0
2 Combat Control System 3 2.1042 -1.1042 0.0039 255.8
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Figure 4. ‘Motor, Hydraulic Pressure’ and Design Improvement
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$7), §94°S] AA&FBARE AW A3 Table. 559 e,

Table 5. ALT Failure Data of 'Motor, Hydraulic Pressure' (Cycles)

Stress Level (Pressure)

4,500 psi 4,200 psi 3,600 psi
7,314 7,106 15,902
8,367 8,904 36,200
17,490 13,596 39,328

Alz=Hlo] Q7febe dE S THERRIALR AREShE BT, A el diE TEeEAE RdR A5 (Inverse
Power Law Model)S A , Z E¥XE=
A7), TG digk THEEAIE ] 7 2Ed A oA g A WAUS

FORNE 2EHZE 7 (o 7HEA o] AT g1 ] ¥4 A3 <Figure 6>%}
. 7AYol 9] B4 ReliaSoftAle] Weibull+ +/ALTA AXE o1& A3 71551 A
74 dolg 4] Az, AREEZ 3,000psiol A F4H folBEZ HERS i 72,241 10, RS B
2.61590]t}, T3k ‘A7), FUAS) ARE ZZeM F4¥ MTBF 3 64,177.0Cyclesel™ By 4 #
30,561.1Cyclese|t} (Figure 6 =), ‘AE7], 19219 19 H +8A]7bo] 8A|7 o] A7+ Ht 20CyclesS
S8 202 HE] MTBFS) B3 74 w2 A7 a9 = wAshd 22} 25,670.8hrs9t 12,224.5hrs7F &
t}. =3 MTBF$} Bio™ol that 95% ©= 21843k (Lower Confidence Bound)& 77} (33,286.3Cycles,
13,314.5hrs) ¢} (14,407.1Cycles, 5,762.8hrs)o]t},
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Figure 6. Results of ALT Failure Data Analysis Using Weibull++/ALTA SW

3.5 71&73v] EAte] oFd 28 HlofE 24
7187 wAT Y] Al

A
ol A o] ‘HE7], # %“ﬁ"-% EF7 o2 Level



990 J Korean Soc Qual Manag \ol. 45, No, 4: 981-994, December 2017

& FogT HESUAY EE AEAANDL Fal A E Aol
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olHE ?Lv‘i'—fﬂ ar, AR AN 24 7hed = (LeveD7HA 123 1 EloJHE Crow-AMSAA A% &=
37 4 Zgol Agedith <Table 6> ofxol] wix|d TAL o] &8 Ho[E|E #4138 Aajo|t}. ofd 2§

olEE BA8 A7} WAL (Level 1)9] MTBE m(7)% 228.9hrs¢lt). o] =
(MTBF=100hrs)& "3t 0TS} FT ©HA|9] A% 34 it soldSs o 4 Ak

=

_l_4
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Table 6. Results of Launcher System Field Operation Failure Data Analysis

werot |5 | G | e | D)
1 Launcher System 96 0.7800 0.2200 0.0044 228.9
2 Revolving Turret for Combat Vehicles 0.6318 0.3682 0.0003 3,269.4
3 Revolving Turret for Combat Vehicles 0.6661 0.3339 0.0001 7,235.1
3 Gear Assembly for Decelerator 0.6082 0.3918 0.0002 5,942.8
2 Electro-Hydraulic Drive Unit 24 0.6510 0.3490 0.0011 925.4
3 Motor, Hydraulic Pressure 3 0.2802 0.2049 0.0001 17,200.6
3 Hydraulic Manifold Assembly 0.7310 0.2690 0.0003 3,955.7
4 Filter Element for Fluid 1.1365 -0.1365 0.0002 4,240.4
3 0il Tank for Hydraulic Equipment 0.7583 0.2417 0.0002 6,355.4
2 Weapon Protection Cage 29 0.6544 0.3456 0.0013 761.9
3 Winch Support Boom 23 0.7097 0.2903 0.0011 885.8
4 Motor, Direct Current 9.5320 -8.5320 0.0020 505.6
4 Winch Support Boom 2.6660 -1.6660 0.0015 677.9
4 Wire Rope Hoist 0.4546 0.5454 0.0003 3,975.7
3 Electronic Component Assembly 0.4288 0.5711 0.0001 11,238.4
2 Electric Control Device 10 0.0585 0.4633 0.0004 2,693.8
3 Cable Assembly, Special Application 9 0.5328 0.4672 0.0003 3,015.2
2 Combat Control System 15 0.7723 0.2277 0.0008 1,248.1
3 Control Device for Guided Missile Launch 5 0.4661 0.5339 0.0002 6,203.8
3 Launch Control Unit for Guided Missile 7 0.8960 0.1040 0.0004 2,305.2

THEFHAIR S Fall A S BRI AET], 5 F 5l g MTBF ¥stE 48 B9 <Figure 7>}
2t} A7) o] o] Fex)7] o] Mol AAIE OTet FT g dlolel 5 A= 444 2y 28351e] 43 MTBF
m(T)E 635.6hrsolm], A7 7|4 o]F ofd &8 & tM

= 17,200.6hrsolt}. AA] 1A o] 5 AAIG HE7], AT Z

o} BioT 4 4t 12,224.5hrsS AA 70 2] MTBF 4 k3t vlas] & of AA 7|

= H &0 2~
o] FEFS & 4 Atk
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MTEBF
(Hours) 25,670.8
24,000 .

MTBF Estimated 17,200.6
17,000 from ALT

13,314.5
10,000

B,, Estimated
5.762.8 from ALT
1,000 826.7 635.6
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Figure 8. Reliability Growth of Launcher System
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