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Reliability Assessment for Long-Life Products Based on ADT
with Tightened Critical Values

FENG Jing
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Abstract:

ability assessment can be based on degradation measurements by using degradation models. Since the time-to-failure depends on the

For products whose failures are defined in terms of performance characteristics exceeding their critical values, reli-

level of critical value, more life data can be obtained by tightening the critical value. This paper presents a method for the estimation
of life distribution for long life products by using life data from degradation measurements. The relationship between life and critical
value and stress is modeled and used to estimate the life distribution at a usual critical value design stress. The model parameters are
estimated by using maximum likelihood and least square method. At last, an example is used to illustrate the validity of the method.

Key words: accelerated degradation tests( ADT) ; degradation model; long-life products; reliability assessment; tightened crit-
ical values
1 3= PHAT Z AR e e Sy B AL HUE AR R S A e RV B TR
=

X K A i e AT A FL ) A i B [,
RT3l R 0 A W28 05 i — i A A il R T
2 B R Dk A i B AT S BN 0T IR T
G THRAE A Z AT R A B RSB, T R
14 7 i Kl , T g ] SRR A RN T IR 7E
R Y T PN AR ) 7 R A o A PR . MR IR A
HETIR D ) Ry ik R ER E B v At
a HATIB PO IR R R, BRI i 1) TCARPR 2 ol LA S o
PERES B AE , X T 84> 3 B A HLE e 518, 7™
TE AR RE R, A S JO8 s SE I, B Rk ™
AR AL IR S 2 X T i AT LAk A R A o,
FIKE ], © 5 R TR ST, (EAT I R R AEHL

Wik H 11 :2009-05-14; & 71 B 1 :2011-02-12
HATH B R B RFHEHE 4 (No. 60804054)

A (H B AR 2k s Z2 AL S 80, AR
ML AR TR B4 R AT 75 i 0 A 194 i DT ISP 10 A e LA
BT, SR B0 B 7 1R 45 B U T R b
IR WIIETy i B B DR , 5 B8 SR AL I i (9 77
5 SR (B B G, T SOH R SR 4 R )
f 77 3, 3 2o B A BLE AR R AT A% BT 19 2R A0t 1)
B, PR T 73 iy RO 10 2 KAl 11 07 1 A 20 vl
P by (4 75 i A1

2 Weibull % 7= miniE R iR HBIRER

% (8 3| Weibull 2 3 N By T2 1, F SO LA
Weibull 4341 R3], 138 BH 3 T 55 45 5 365 130 1L %) Jon 238 4k
AR 1Y) JEARL



1254 H +

EE ' 2011 4F

2.1 KIEHEIE
WA IRE 7™ 5h BECH n, FERN TS, T TSR
B P ANECHR ny i = 1,2, 0, by iIRIS ORI 6] Ry T,
AR AL R S50 e S, R AL kA B Sk A A 1 e
(1) Sy 2 255 ) PR 1M 2 3 o () 5 2 3k B {1 % DDA O, A
IﬁJE@ﬁ%iﬁzl@@%ﬁ%%ﬁfﬁ&wﬁé?ﬁ‘zﬂﬁﬂﬁl. K1 ohTE
EWINL ) S, TR ), PR 36 U Y SR 1k 2R A0 Y
% SRBUSHAMI R . B Dy 77 i AERUE TAEN J)
SRR, %o T BRI 25 el TR 7 A R R R
BRI R R, T AR S R A
AN T RE LR I BN 8K, Fr ol B D, >
D, > Dy, HILFR D, Fl D, J %45 9 %% B

SDy)

@by

————— ———— 1

t:izkl | :t l:k t:()k : TI‘ t
F1 R RERILEAL KR RN DS, TR S
5 X BRI XR

HRAJE 25 78 1 2R RSB D, FIR AL HUIE 1 B IR AE AT
0L A B i f(e1 D), j=0,1,2. Ui 5 i,
TENL ) S, ks, RACBME R D, I, 77 il k1 2R 38
PHCH 6 i = 1,2, hsj=0,1,25k = 1,2, . B
Al LIS BN 1 s 19 A5 i ks .

F1 EHEEMNER LIRS RS0 SRR

ll’ﬂﬁ D, D,

Wil

M Las b2 s by L2, 012,057 5 B2,y

S, D.1.15 12,1255 L2k, 122,152,225 12.2.m,

Sh a1 2™ s ity 2,10 th2,25"" " 5 th 2,

2.2 EARREE

(1) R g B BT AR ™ S AE AR g S (i =1,

b)) IR, H5IEW TAER 1 S, T Ry R AL
*Hﬂdva_ﬁt%xﬁl,%ﬂdﬂ%ﬁ%ﬁ y (o) Bl 130 ) ] ¢
B 1 U

(2)FEANEI R 3T 77 i B 7 A iR Weibull 4345 , %
RSB RBHIIE R, RESEH ) S,
FRRLBME D; e , 75 v 43 A1 R ECH

F(t18;,D;) =1 —expl — (;)’”],t;O

y

ok, g, 1 T3 R R gy = G (S, D)),

i=1,2,-,h;j=0,1,2.

2.3 Weibull 3 SE m, n; ;IR KENA T
FERY 7S, 9 A (E Dy B R 5L 2% ki Tl Ay

Ty= g, k=12, nt , JIOA L) Weibull 73475 8 5 2%

B R ECH
1S, D;) =— —expl - (- =0,
§is ) = 7],; p[ (%)]
1=1,2,- ,h;j:l,Z
WITE P BB A 1K (Si, i =1,2, -, ) B

Qfﬁﬁﬁxﬁllﬂﬁ(l},]—l,Z)Tﬁtfﬁﬂﬁ%ﬁﬁﬁﬁ(Dﬂaé
(Ty,i=1,2,,h;j=1,2) I RIEKRECH

L(m, Mis® "’77h1,7712,"',77112|Data)
= ﬂﬂﬂ;‘L exp (;]L>m]
=1 j=1 k=1 ij

H?%jkﬁ’q’:ﬁﬁéﬂ

aL . Il , .

E'O’m:0"=1"”’h;1=1,2,

BENBE m, gy i= 1, hsj = 1,2 BRI 3

m 77L]’l_1 ,h,j—l,Z.

24 BETRYNEBMEZTIUNERE (S, Dy) T
Weibull 35 % n

XiF T Weibull 47 77 iy, 28 SR RALHL Y R TE AR 2
BCom AEANE RN SR AR RS B R e RE S
B g 5001 S, R D) K %

HBAES (S, Dy ), i= 1,20, hsj= 1,21, i1
RACHLVER ST B0E 9, 510 A1 S, AR ALBIAE D, 1) pREL
SRR T SCRALR A R S o 5 A Tk 1 SRR, S PR
FHEF AT DR P BRI 2 5 s BOE L 1%

7= G(S;, D) =00+ 0,8+ 0,D;,i=1,2,-,h;j=1,2
M ZInZ A& 1 /N R T R e B 6,, 0,

0,, 1
0o
{91] =(A"A)"'(A"Y),

0,
Hrp,

M1 Sy Dy [ 7711_

1 S, Dy 721
A= LS, D Y- M1 .

1 S, D, 712
1 S, D, M2

L1 S, Dy = Mha-

M ( Sy, Do) ) Weibull 231 250 9 BIfTTA



i T KA B RN R A B T i ] SR A 1255

;]00 = 90 + 9180 + 92D0.
FEEh R T IRINSEN (m, 9e0) 1 Weibull 4345,
DUIRT 5 2 R KON

R(t) = expl - %)ﬂlj,t;o

Vo= i AE AT 55 IR R« DA 8 AT 45 ] 5 3 1
it A R() o RV LAGE] R EAFEHEHE o T
BB NIRRT R,, .

3 KBS

4 TR A B 1 it B 2 i I R T O e R U
B SR, R A R T R B 2 /T
M — it 4 JE Ak I HL 25 2%, B AL 6 > F 2 A AT
10000 Y IEH TAE 444 T 1 70 550 10 56 1) 25 (BB 1b 1
B %R0 B 7T 1000 YICsR— R HL (A, & 2
AT R T UCE, DAAR AT K FL 2R A AR, LA 2R B
Wit A 55 (uF), KB AN T W% 5%, /I
Dy =52.25pF, HLEY < Dy B, IR LR A8 R R0 AR 3%
TREE R E BH KRB EN D, = 55.8uF, D, =
56.3uF. 8] 2 Sk R 6 A HL 257 A HE 2 B 70 A YK
B A AR KO- D 1) 1) i 26 36 S 40 e 0B {1 5
BT A1 B 4R 45 e 2R AR AR LT 1 58 T X BRI, 38
JEXsF L A Al A B Ay S 4 RS 1) R 40 . el BT AT
U FERE RBME Dy T, B350 45 o i oK 315 77
Bl . 24 D, = 56.3uF B, 152 0 5 a5l b Ty, =
{2400,4700,5000, 6440 | , T, JIT X5F 07 9 ABE 2R 2 FiE bR KU

m—1

(1180, Dy) =" —expl - (7]—(‘)2)’"];% D, = 55.8,F i,

o2

HRN W EmBEE A Ty = 14400,5400, 85001 , Toy JIT X} g )
M%ﬁﬁ@ﬁ%ﬂu&JM=f;kmbw%wlm

01
B AR AR 53 , FI ] Matlab #4515 3 Weibull 4347 2
B R IBRAG T m = 3.8, 701 = 6690, 7, = 5138.

57.5

57

56.5
56.3

561
55.8
55.5

55

LA A 2L/ F

54.5

54

53

T 040 5000 200-£050- 5070 7000 90005305000
FEIBCHL I
B2 RMMESEERFMHXR
R A RO X e AERUE AR )R AR,

b, R 5 B AR A7 iy 55 5B R PR 55 2R

7A7o1 =0y + 61D1;7A702= 0o+ 01D,
A A /N R AG I, A5 8] 0, = 1.7989 x 10°, 0, =
- 3104. T, TERUE LAE N ) FIEI € R A (E Dy T,
7 A oo = 17709, W] HL 25 25 1Y) AT 52 B2 eR A

R(t) =exp[ - (17;09)3'8]

FH I A5 2132 70 L 25 4 1S 2 A5 4 h 16005 IR FERCH , 1T
SEFEN 0.9 BB AT EE B AR 22055 IR FTHLHL .

4 4k

(D)X TR R RO K T i oL 77 i, il 0 B 40 2K
RSB 75125, AT LLTE 0 R A 3 50 v 75 31 3 2 1 2R
R RS e 1A% S8 7 iy 43 B R ASOROHE Bk = 19 7]
L [ PR S g ke 1 2 1 B AR B 2 AT 7 il o A A T
AEIS Z AT R A

(2) I SC AR JETE Weibull 77 i 43 A (19 3 175
B, wT LU B T AR A oA

(3)ICH G T A7 i o3 A3 2 805 1 T A 2R 3
B AL 5 &, ik — 20 B W50 08 75 245 R AOPL AR
ANIRAL U 45 S50 5 75 i 20 A1 2 B0 R A0 (i A
LANPAlLER S

S Sk

[1] Yasuhiko Takemoto, Ikuo Arizono. Design of accelerated relia-
bility tests based on simple-step-stress model[ A ]. Proceedings
Annual Reliability and Maintainability Symposium 2003[ C].
USA:IEEE,2003.111 - 116.

[2] Sarath Jayatileka, Geoffrey Okogbaa. Use of accelerated life
tests on transmission belts for predicting product life, identify-
ing better designs, materials and suppliers [ A ]. Proceedings
Annual Reliability and Maintainability Symposium 2003[ C]J.
USA:IEEE,2003.101 - 105.

[3] Suk Joo Bae, Way Kuo, etc. Degradation models and implied
lifetime distributions [ J] . Reliability Engineering and System
Safety,2007,92(6) :601 - 608.

[4] Wenbiao Zhao, E A Elsayed. An accelerated life testing model
involving performance degradation[ A ].2004 Annual Sympo-
sium of Reliability and Maintainability[ C]. USA: IEEE, 2004 .
324 -329.

[ 5] Gopikrishnan A. Reliability Inference Based on Degradation and
Time to Failure Data: Some Models, Methods and Efficiency
Comparisoins[ D] . USA: University of Michigan, 2004.

[6] Vasiliy V Krivtson. Recent advances in theory and applications
of stochastic point process models in reliability engineering[ J] .
Reliability Engineering and System Safety,2007,92(5):549 —
551.

[7] C Joseph Lu, William Q Meeker, Luis A Escobar. A compari-



1256 H +

2011 4

[}

()

son of degradation and failure-time analysis methods for esti-
mating a time-to-failure distribution[ J] . Statistica Sinica, 1996,
6(5):531 - 546.

Guangbin Yang, Kai Yang. Accelerated degradation-tests with
tightened critical values[ J].IEEE Transactions on Reliability,
2002,51(4) : 463 — 468.

T 2 (o S [ TV PIEY o B s R Ul A
F44,2008,36(8) : 1538 — 1542.

Fengjing, Zhou Jinglun. Research on environmental- stress-
degradation-screening method for long-life products[J]. Acta
Electronica Sinica,2008,36(8) : 1538 — 1542. (in Chinese)

BOEE L1975 A, BROEWIA 35
T 1998 £F 2001 4EH 2004 4F 2K o [5 B BHZ K%
B PR AR, B E B R
KRR B RG SE W BRI EER e E o
AT B R FIEIC 60 Ak, H T 25 1
S A7 i A i T | T R IR B A S
A B A, E-mail:new_ fengjing@ sohu. com



