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ABSTRACT

Purpose: In this study, a reliability prediction based reliability growth management is suggested especially
for the early development phase of a system and the case study of surveillance system is given.
Methods: The proposed reliability prediction based reliability growth management procedures consists of
7 Steps. In Step 1, the stages for reliability growth management are classified according to the major design
changes. From Step 2 to Step 5, system reliability is predicted based on reliability structures and the predicted
reliabilities of subsystems (Level 2) and modules (Level 3). At each stage, by comparing the predicted system
reliability with that of the previous stage, the reliability growth of the system is checked in Step 6. In Step
7, when the predicted value of sustem reliability does not satisfy the reliability goal, some design alternatives
are considered and suggested to improve the system reliability.

Results: The proposed reliability prediction based reliability growth management can be an efficient alternative
for managing reliability growth of a system in its early development phase. The case study shows that it

is applicable to weapon system such as a surveillance system.
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Conclusion: In this study, the procedures for a reliability prediction based reliability growth management are
proposed to satisfy the reliability goal of the system efficiently. And it is expected that the use of the proposed
procedures would reduce, in the test and evaluation phase, the number of corrective actions and its cost
as well.
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Figure 1. Reliability Growth Management Process of MIL-HDBK-189C (Assessment Approach)
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3.1 A7 WA mE AAAAL Stage 7~

ZA A A A @71= PDR (00 004), CDR (00 009)S 3kt =9 A7) M7 A4S 7|20 = Table 13}

Zro] 6 A (Initial Stage ~ Stage 5)= %t} Initial Stagei= PDR o] A7A] AAS 7|Fo 2 oM, FA}
) 1FE dolHE &8st A AAL] A% F27t A T2 A5 sk Al AFEE dS3i
1

PDR ©A19] A 7|55 Stage 1, CDR ©A412] 24 7152 Stage 2, CDR ©4] o]F AA =W
Stage 3, CDR &7 o]% AAxd 23 #23} @A S Stage 4, FAT @AY A7 7]%< Stage 52 T-2313ith.

Table 1. Stage Classification according to Major Design Changes

Stage Major Design Changes

Initial Stage | System Reliability Prediction under the Assumption of Series Structure

Reflecting PDR-Based Design Status
- Identified Reliability Structures of Subsystems

Reflecting CDR-Based Design Status
2 - Sensor Design in CDR Phase, Identified Reliability Structure of Computers, Some Added

Subsystems and Modules

Reflecting Updated Design after CDR Phase (1)

3 - Redesigned Power Structure of Sensors, Some Added Subsystems and Modules
4 Reflecting Updated Design after CDR Phase (2)

- Redesigned Reliability Structures of Sensor D and E, Some Added Subsystems and Modules
5 Reflecting FAT-based Design Status

- Redesigned Sensor C, Updated Reliability Structure of Wireless Device 1~6

A G 7k A A B A ]S4 S fle 23 AAA

AlY] AL HE G- Initial Stage-H
Stage 37HA= FAHIAl 17 AulEle]HE F8f A= A A e 53X s 7]eskalon, Stage 4F-HE A
AAY OMS/MP(Operational Mode Summary/Mission Profile)$} 7FAA| Ao B R 3 AMIES argfste] 714w
A B3] gk 710 o3l 7} Stage W AlE % oS 7N A AR = A B 24 A9E e

Figure 2%} Zt}.
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1,300 PDR CDR
.
(Hours) 1) Change of Exchange Devices” MTBF
1,600 | Sensor Design Change 2) Parallel Reliability Structures of 1,535
for CDR Phase Sensor D & E

3) Added Wirel, Devi: 5 6
Sensor MTEF : 00 yrs _ﬁ‘?:ﬁ?f\ ) ed Wireless Devices
5

1,400 & e
R - \;?/ /
* provisional Reliability "\, i

1,200
!|65 Etl-}?l_l:}'f / 1) Design Changes of Sensor C and

Exchange Devices
2) Updated Reliability Structures of

1,000 H .
Sensor D, Processing Device 5,
and Wireless Devices 1~6
800 - —= Revised Reliability
6! 71 Target Value
. 858 Hours

—
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Changes of Sensors’
Power Structure
400
Suggested Design
L . Alternatives for Decreased MTBF's of
200 Reliability Altocation Sensor A Exchange Devices T~4
0 l l
nitial
Stage Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure 2. Reliability Growth Analysis of Surveillance System

Figure 2= ZHAIAIAIS F8 AA] B AHE 7502 23 Stage = oS53 AA ] A% gte] Wsts

S Tt} o] At Aol A th= AIAAIRE 7 AIAI 9
=2, U7k Ax; gn) AE % oS 1+ A4S Telcordia SR-332%5
AFE A5 A SR ARSI BEY AE R o5 BE AR 727 AY &, EY FEEEE A
FE¥Ee 74 kel WQS(Windchill Quality Solutions) 42X E )& Agale] B89t AA] 2 FA A2 Al
= EF golojam A3 AFE oL BlockSim J_iE%M% o] &38}%lal, AFE A E2Z+= MTBF (Mean

Time Between Failures)S AF&-3}3ith.

3.2.1 3 A= B2 gt 7IE AAAA A== 4% B2 (Initial Stage ~ Stage 3)

ZAAA A2 44 B9 Initial Stage= 7 27] PDR ©A] o)A 9AZ ou]git}, ZAAAS A8
ofel’] R 727 A 7] ool B, F-F H B, FAASS] £ LEE AeEEE mEL A AR E
TR A T 7P E e A AFRE Skl 50709 FAAIR | A HE
A1 2 Initial Stageol A= FAAZF 16702 45 o] glom o] uwf ZHAAAIS] MTBF o5 #4& 654417F

£

Stage 1< PDR @& 7|E o2 -6kl o PDReA Azl A7 k& wkgaisit. ZAAAE 38k Al
e AL FAAQ A <ro] #En|H A H35kal ROC(Required Operational Capability)2] A2 % QAR o]
'MTBF 001 o/'e& Foi7] wie] Stage 1914 AlA <] A% o)Z gk ROCO] W71%H MTBF #& -4
2 g3t3let. Stage 19 371 A AAom= BAA AedAld e A 22 Y 32, 3-44 7%,
A2 =29} 3ol= WE F27F 27 A8 E0T Stage 1914 ZAIAAIS] MTBFE 1,261A17k0.2 o 55 glom,
BlockSim &~XE 9o E 0|83} B4 3k 1=7.1456, 0=0.9954, A=1.00743] Generalized Gamma X7} 7} 4
sk By e FAEA
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Stage 1914 ZAAIAC] tigh Mg oS Fho] frAHAIAS] % Arjdlele s Sa =3 A4 AlE= 531
2 1,28447&% “&%—8}21 RHEE o] B WE] 9% NHE YL S %] 279 Step 714 Aok
L= g9 2Ys Aesslen oF fa AAAA FAAES f, w2 Table 29 #th
Table 29| FAA= A 253 AFEHE o] lor 2} AN 52 235 ke At sjdshs 7ol FAA
7h Az FAE0) e,

Table 2. Feasibility Indices of Subsystems

Subsystem Reliability Importance Scale Values Feasibility (1-SV/10)

Sensor Group A (4) 0.40 4.0 0.60

Sensor Group B (2) 0.40 4.0 0.60

Sensor Group C (2) 0.38 3.8 0.62

Sensor Group D (2) 0.39 3.9 0.61

Sensor Group E (2) 0.38 3.8 0.62
Computer 1 0.42 4.2 0.58
Computer 2 0.42 4.2 0.58
Computer 3 0.42 4.2 0.58
Computer 4 0.42 4.2 0.58

Stage 194 ZAAAAY 124 ¥ Generalized Gamma X2 FAE oW 2422 6¢F A7} 19 77k 3
S THERE AAR AFEEe] b XS wEA ok FAAA Y] A AlE| e EiE gho] 1,284A1%k0| B R
ANAAL 1 ¥} AFREE w2 49 MTBF=1,284A17FA AAl A% 0.3680S wEalofF 3},
R, oo iR BAA Y] A AR s Adsidlen, R = B4 7hs ek A AlE o] BE 0.9999F A-85k3

thoolE wigom A dal A% 99 FAS An, FFE1~49) MTBF7H 242 @A) 8,283/l
8490/ o] Ma st Ao ALk Webd] NHE U A% vigoR AHEI~40] U Ngw
WAL Aerss A, 0]-? Stageol| A A M7Z& T3 HFE 9] MTBF7} 13,9994 0.2 Stage 1X4 FA 45

Rom A 2 ¥Ey 27t T EH AT
Stage 201]/Hb CDR ©H] 7159 =9 9 AA dS jhdaigith AFE1~49] A8 % 72 ¥Y 722 2
Hom, AAEel thafjr= AA A A 71EL

BAIA, CAAE Ed A5 E AT E sl 7]

@elol A SEHA ol F7HEA AlFE £5 vl 1S

7} 1,367A17Ee. 2 &5 ST}, BlockSim AXEo]E o]-&-3}4

=7.2313, 0=0.9924, \=1.0134%] Generalized Gamma #¥& 2% 718 9l

off Al thgh A=e @ ALRe] glenw o]E wh5sl] 9Js) Stage 2004= A4l < A
A Bt S7HAE AATSET A Tijk2: 7] A QoM AlE e %75'% AlQrstom, A7 tiek 12 Al
M BE 12 dde] B¥E hx, A Oigk 2= Al 2E 1A A9 12709 Cold Standby 7%, A7 tiet 32 AlA
2go WY 4=, A7 ‘41"&4 A BE 12 A E ek A4 E’] B Tx, A IS 6= AN e
12+ 91 1270¢] Cold Standby 28} Al 59 WHE 2ot} AT A vt 57}74 % A et 1o] A
AAA B obdel BAIA AAlC = vkl om, CAM Y] Fg-olle AM 25 1A Ao 72714 5 3 2R

3= At
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Stage 36141 CDR B o] AAwH 12 A3 dgo . =
7F ZERAAL, e AA HAlskel wt A= oS gho] HAE Hith 58] aldhgx
1,560,730A17KStage 2)914 4,007A17K(Stage 3)0.2 A 7
9190t} Stage 3914 AAAAS] MTBFE 6714702 o= 5 gle.
ek X La oF 4= it} 1 o] 2t wWEAX Y AF % o= gho] o] A Stageol B3| AA AT
AA W& o] T GFE 907 wliolth. Stage 3014 WA MAV} FAE} A o} 7]E F
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3.2.2 FF A= B2 g 718 AAAA A== 9% B2 (Stage 4 ~ Stage 5)

ZAAA ANFE A el Stage 4914 CDR @A o5 AA=E 23 HAs} &S ut 5}
OMS/MP 7] ZHAAAl] tigh 2E A& 531 gho] 858417k 2 AAH T F-A4] TdelelA H
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