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Abstract There is CERPM considering unsurfaced failure mode and FEF as a projection model of a
reliability growth model in MIL-HDBK-189C. In this study, a procedure using simulation on FEF is
suggested for reliability projection of a weapon system. But it is difficult to apply CERPM for a weapon
system because a sufficient failure number cannot be surfaced for estimating FEF during the testing and
evaluation phase in Korea. Therefore, if the number of failures occurring in the same failure mode is
insufficient to estimate the FEF, a procedure is suggested using a simulation that estimates the mean FEF
of a weapon system and the probability distribution of FEF. In a case study, the reliability of a launcher
system was projected using the suggested procedure, and the projected result was compared with

demonstrated MTBFs from real field data.
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Table 1. Failure Mode(MIL-HDBK-189C)

Failure Mode Description
A Repair (No Fix)
BC Fix in Test
B BD Delayed Fix (Until Test Finish)
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Table 2. Historical Growth Parameter Estimates
(MIL-HDBK-189C)

Parameter Mean / Median Range
Fix Effectiveness
Factor(FEF) 0.70 / 0.71 0.55 ~ 0.85

CERPM2 AlE 717t Yol AIFRXE FFot=
RGTMC(Reliability Growth Tracking Model-
Continuous)?} Algo| F8H & AYRAE Hol=
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Table 3. Subsystems of Launcher System

Classification
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QLevel 1) Launcher System
Sub-System A B C D E
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Table 4. Failure Rate and MTBF of Launcher System
(BD-Mode Failures)

Classification A(Failures/hr) MTBF(hrs)
Operational Test 0.016243 61.565
Field 0.002850 350.935

MIL-HDBK-189Col A& FEFY] t3] &2 F= A
Awlct h2X]9k FEF= B 0.7°]1% 0.55~0.859] ¥
S 7HITHAL AAstd o, LA AHAol et Bt
FEF(d) 0.8246< MIL-HDBK- 189Col|l4] A A3t FEF
o] W9 Woll &atuz ok 3.38 Algd o] 0|83t
LAY obd 28 AlFE 7oA AlE oo A8gt
IAREE FER(dy)ol tigt S 229 JEE &8s
et
3.3 AIZH[0|ME 0|35t LAl 2EMEE 0

HhAbT o) obd -8 AlF|EE CERPME 7[Hio & d
SotaAt oick. 1=y OTY aguolE 7t FEokA|
OoF IR = FER(d;) F70] o2 9-E= A& o4
IALEY FER(d)E Yoz YAt
CERPM9] AlZ|= x]%#9] DMTBF, PMTBF, GPMTBF
£ A3 AEH0)AE o83 WAl -8 AlF

L o|& HA= Table 59 2t

Table 5. The procedure of operational reliability
projection using simulation

- Generation of random data of failure mode's
FEF(di) based on probability distribution
Step - failure mode's FEF(dj) based on probability
#1 distribution and parameters
@ Triangular(0.55, 0.8246, 0.85)
@ Triangular(0.55, 0.70, 0.85)
® Uniform(0.55, 0.85)
- Simulation 1,000 runs
Step (particularly probability distribution)
#) - Estimation of DMTBF, PMTBF, GPMTBF of CERPM
using randomly generated FEF(dZv)
Step || - Checking the trend of PMTBF vs. FEF(d;) mean(d)
#3 - Prediction of PMTBF's mean and range
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Step #1004l THRE=E FER(d,)ol digt && Bx
2R2E Y dlolHE Ydotoirt. 1R = FER()
of it ARE Ak Ao Bt W FER(d) 2
MIL-HDBK-189CellA] A|Agt FEFY] B (Mean)Zt 3
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9 #4% BDE:= $7F 217Kl =R
Triangular(0.55, 0.8246, 0.85)% wWZ+& BDEEW
FEF(d;) 2170170 Set)E HEskAl AJ4dstal OTS] £=
AlF(T=1231.3hrs)°lAl CERPMS] DMTBF, PMTBF,
GPMTBFE #4353t Fig. 1.2 A WA=z A4
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DMTBFE= 39.72hrs, PMTBF:= 48.95hrs, GPMTBF=
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21701 Set)E 1,000 Set ¥HE xAdka] DMTBF,
PMTBF, GPMTBF #%4& 1,0003] ¥H&E519ct. Step
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Table 6. The estimated PMTBF and GPMTB using FEF
random data - Tri.(0.55, 0.8246, 0.85)

Runs
Classification|
1 2 3 998 | 999 | 1000
d  |07390]0.7896|0.7394 0.7712]0.7486 | 0.7421
PMTBE | 48 05 | 49.81 | 49.26 4971 | 49.23 | 48.84
(hrs)
GlzngF 83.23 | 90.20 | 84.14 88.21 | 84.81 | 83.16

* DMTBF = 39.72hrs

Ak 0T A EolEE 71&02 1,0003] ¥HEs}
o AAJSt Triangular(0.55, 0.8246, 0.85)%
T¥REd FEF @Y dolE(d, d)E olgsto]
DMTBF, PMTBF, GPMTBFE 4H&3t 3= Table 6

2=
—
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I} 2}, J2)3 wgweE FEF g glolEe] Hi(d)
o] WZ PMTBF &34t ¥3l= Fig. 2.9} &t} FEF
A gloglo] WK d)o] wHE PMTBF 243k BFe
49.104hrs, Y= 1.524(+0.762)hrso|™ HAgHS
48.287hrs, HZFS 49.811hrs2 9|=E ATt

GPMTBF = 83.23 hrs
PMTBF = 48.95 hrs
DMTBF = 39.72 hrs

Fig. 1. The reliability projection of launcher
system using FEF random data

50.00

0.6800

0.7000 0.7200 0.7400 0.7600 0.7800 0.8000

Fig. 2. PMTBF vs. FEF mean — Tri.(0.55, 0.8246, 0.85)

AlEEo]dE o83 WA &8 A=E oS Fxjo]
w2t = A AlEH ol ol &E8XE Triangular
(0.55, 0.70, 0.85)2 W2 AR = FEF Ay glo]
Bo] #Wa(d)el W2 PMIBF 23ge W7o
48.456hrs, HYE 1.368(+0.684)hrso|H FAZH
47.827hrs, HFE 49.196hrsZ &%t 181
Al HA AJEG el A9 FEEE Uniform(0.55,
0.85)2 w2 14T FEF Ay dlojelo] B (d)
of wE PMTBF F4%t9] Ha2 48.475hrs, HH=
1.960(£0.980)hrso]™ Z4ZHS 47.435hrs, TS
49.394hrs2 S et FT9] 1Adoleof sz
22 AlEdold WS ol&ste EAstgon, OT<t
FTY IATolHE 7|& YA Q] ofd 28 Al=xE
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Table 7. The result of reliability estimation for launcher

system
Phas| DMTB PMTBF GPMTBF
e F ) @ ® ® @ ®
49.1 | 48.46 | 48.48 | 83.92 | 78.95 | 79.11
OT | 39.72 | (48.29~ | (47.83~ | (47.46~ | (78.27~ | (74.94~ | (72.58~
49.81) | 49.20) | 49.39) | 90.20) | 84.14) | 85.57)
87.1 | 86.98 | 86.97 | 100.75 | 99.78 | 99.7
FT| 85 [(86.72~|(86.64~ |(86.65~|(97.58~ |(96.88~ | (97.01~
87.31) | 87.37) | 87.26) |102.67)[103.14) [ 102.19)

: Triangular(0.55, 0.8246, 0.85)
: Triangular(0.55, 0.70, 0.85)
: Uniform(0.55, 0.85)

FEFe] tigt Aol 24 @ Triangular (0.55,
0.8246, 0.85), @ Triangular(0.55, 0.70, 0.85), ®
Uniform(0.55, 0.85)2 F-2& wj OT<} FTY 14
o[E|E 7|E 2= AlEHo|AE o]&ste] WA oA
28 AFEE o 9 B3 Avke o2 2ok OT
ol A ¥EH ARE TAHBCRE 1142 HhgslA] ok2)
S 71%£02 DMTBFE= 39.72hrsZ2 F4= %o, WAL
99 PMTBF B2 @ 49.10hrs, @ 48.46hrs, ®
48.48hrs& &=l o714 PMTBF= OT7} €'
5 BDRE 3o tfa]l AFRA|7F o] A|FRA
aINHEE 1EC] Faoton OT &9t EafubA] &
2 IARET} ohg SAA Uehg A 1 A=
T X ¥olt}, GPMTBFE o|&gt A BDEE 13o]
5 AAE 9 OT 3% Uehg 4= gl Xt MTBFo]
™ GPMTBFY H#2 @O 83.29hrs, @ 78.95hrs, ®
79.11hrs2 S&EQlch FTo 1A4TolEE 71&Eog
EAS A= oo d) 2t} FTOlA SAs ARE 1%
BCERE 142 WAsHA ga)Z 71E£2 =2 DMIBF=
85.00hrsZ FA=|9lom, WAte] PMTBF Hd2 @
87.10hrs, @ 86.98hrs, ® 86.97hrs, GPMTBF2] H
2 (@ 100.75hrs, @ 99.78hrs, @ 99.70hrsZ =
=t oFd 28 TAIIA RGTMCE ol-&3sto] Rl
oFd & AFE(MTBHE 43 41 ATE T
7% 247.72hrs, BIF R ¢ 485.89hrs&E 7
=tk FTollA d&3t Aol B ofd 28 A==
£ 743 A3E vws] & 9 FTo149 PMTBEZ} J
o 160.75hrs, 398.92hrs W ZHA| == it FT
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A] &3t obd 28 AFE|Z(PMTBRS}: AA ofd 28
AN FE B AF=(MTBF7F &fo] U= o]
FE FRIS|E A3} FT o]F LAt o] FGEEC] el
W2 520] AR A AL B3t A HAo] A7) o
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