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Abstract The traditional statistical analysis-based reliability demonstration testing ( RDT) requires
a large number of samples and long testing time, failing to satisfy the development demand for short
cycle and low cost of electronic products nowadays. We propose a system-level reliability accelerated
demonstration testing (RADT) program for multi-failure mode products under multiple stresses by
combining mathematical statistics and physics of failure (PoF). Based on the principle of allocating
reliability target to each environment stress, products are decomposed at four levels, namely
function, structure, mechanism, and stress, and the key function, weakness, dominant failure

mode, and sensitive stress can be identified, respectively. After level-by-level allocations, the
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RADT plan and test profile can be established by connecting environmental testing and reliability

testing. Firstly, system reliability is apportioned to each environmental stress based on fuzzy logic

and analytic hierarchy process. Secondly, the stress-strength interference model is used to deduce

the amplification coefficient for each stress. The overall acceleration factor can be derived by the

principle of constant acceleration factor, and then the RADT scheme can be designed based on a

statistical plan. A case example is presented to illustrate the effectiveness of the proposed approach

in comparison with programs of GJB899A and IEC62506.
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Fig.1 Analysis and modeling of system-level accelerated test
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Fig.2 Procudure of system-level RADT design
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Fig.3 Hierarchical structure model for reliability allocation
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Table 1 Fuzzy rating for reliability allocation factors
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Table 4 Allocation information for the four units by three experts
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Table 6 Evaluation results of subfactors of U,/U,/U,
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uy  (1.4,2.4,3.4,4.4) 2.9 0. 1620
uy;  (6.4,7.4,8.4,9.4) 7.9 0.4413
uy (5.6,6.6,7.6,8.6) 7.1 0. 4863
up  (6,7,8,9) 7.5 0.5137
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Table 7 Wight evaluation results of factor sets
EES R PR (E AR (A)

U, (0.0, 0.5405, 0.7813, 1.6757) 1.1935 0. 1686
U, (0.0, 1.8857, 3.4919, 11.0762) 4.5519  0.6429
Uy (0.0606, 0.9211, 1.2121, 2.0526)  1.3353  0.1886

HRFXRINZHE T INFRIL 4 PP gt
TR BEVESY , X 3 A VEFIERESRANACF- 1, 44 3]
3 ANEIH R YA GVE P S I A P R Nk 8

Fi7s o A3 AR5 A T Y B PR 2T
R B4 —RBWIZE A TEHISE B 29[ 0.1521 0. 1845
0.4663 0.4248 ], K It 4% s, LA M 0 E
@, =0.9033, [AIFEATIHEHAD 3 I P4
FEHL 1 KL 7] B w = [ 0.9033 0.8655 0.853
0.7433],

&8 KERFRITHGEFEFEMITH &
Table 8 Rating matrix and fuzzy evaluation results of

factor sets

ESISES SEYOT A RS R, BOITEHI4E B,
, L0-10.90.10.1,0.10.1 [0.1001 0.4159 0.4032
' 0.6 0.4] 0.282]
. (010107040604 [0.181 0.1486 0.4262
2

0.10.1;0.10.10.30.7] 0.4838]
[0.10.10.70.3;0.10.1 [0.1 0.1 0.6486

0.6 0.4] 0.3514]

URSEDLERS s, A, a3 2 o AR R IR
O AT A B HR T 2 IR N S AL y =
(v v, ¥ ve)'. HWESEFKC,=[1222;0
102;0212;000 1], BB IAE N
v,=[0.4859 0. 1321 0.2953 0.0867], HE VI I
TR ARKATRNNAE  Ge A7 IR 1Y & PR BRI
JIRLE N v, =[0.3158 0.3024 0.3158 0.0606], v, =
v,=10.5638 0.2634 0. 1178 0. 055] ,
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Table 9 Allocated reliability indexes and acceleration

test profile parameters for each stress

) A/
Ei=L7 w; R; _6 A] KJ
(107%/h)
WREER  0.4787  0.9508  0.5758 13.40  1.27
WREIER 0.2381  0.9752  0.2864 16.33 1.33
Wzh 0.2166 0.9774 0.2606 15.74  1.33
piTg5n 0.0665 0.9930  0.0800  29.99 1.43

7 f A PR I, ) ANk 10 7, 4% i
F)53 BEALH R E w; 3 FCHY AT HEFE R, FIAR R
A IR A, 5 AR 2 E] AR R A K, Ak

K11 REGEME

B K222 4 938 %
SNk o s, £ 11 AR T 2S%
T N 71 R R

=10 {FERAIREMINEIRE M f &4

Table 10 Stresses in use and acceleration conditions

P e fi
Ty 40
W/ o o
fim )3 ATUse 60
ATy, 125
— Euee 0.5
MAE#/ (°C/min) )
g'['esl 5
RH,, 50
X /%
HAXEEE /% RHy,., 75
WUM: 2.44

T EE Y AR g, W 9.68
Test :

.?V]’guu

Table 11 Calculation procedure of the overall acceleration factor

. VST ! J Amni —
LT UG 1% 1 YA i Ani/ A Zl (( 21 Vi) X =)/ (1077/h)
i= j=
R 6.5111
FM11 - 0.161 1
. 5l 4.6480 5 3087
. i TR B 2.1572 ~
FMI12 i 0.107 4
B 2.600 1
N RGN 4.2317
R FM21 0.2572 2.3585
s T B 4.9382
_ B ER 7.5549
z FM31 0.2535 3.0055
i s e 4.3013
TR AR 7.5549
FM41 o 0.1325
L PRah 1.8542 7797
e LT 4.3013 :
FM42 . 0.088 4
MR 1.649 4
At 9.4455
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T 0 FE 5 RGBS , 9 < A7 O JRUB: 5 Chen 257 T
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5 SRS ] B I A SRRSO B B OR T AR T
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Ik 1. IMTBF = 9. 145 7x10° & B}, 32 56 it fa]
Koo RAASCOT R, I 404 /Y S50 UE i 50 i
] ¢, = ty/Ap, = 96 826 &I}, 2 i B FEA KK
100, AR 4 B AR 5 15t 1] A 968. 26 b, Hsf &) #1125 FH K

WE4R 0, Hes 2, B E i AR 4500 W TR
AR 10 a AT HEBEALT 0.9, HFEXT 100 Heke
st e O] S 4 X ) T 25 A% I e A
T, TP 968. 26 h 11 JC 46 2 B 2 3R I, A
BRI N 7= S AT A 38 b R R UACHE 7=
F RN 0, R b ik A B R AR ZER 4RI
=

5 ZitERE

AT 2R R G R iR D I T2
R TR7 N () | B AT SRS W e O 7 o
mr .
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AR AT 5 B2 0 AT S M o BT O i, B
FE bR B 2 25 FRBE R T 1058 ST R G i 5
WEIR IR | H A S s e ) i ik



514

ZEMG 5 TR U AT i 00 R SN B A g B

129

2) FETFIE PR AN AL T 4 S R G

NI R U IS o= 9 R E v [ TR B SR A
B 07 1545 A SRR T R B R K

BRI SR SR S TR A BT

TN A A g 2R S L AL V)
B 1BU S RN AT A 7 B SR I B2 e
ANHRE LN Z M AT IE IR

[5]

[6]

[10]

[11]

S 3k
International Electrotechnical Commission. TC 56-methods for
product accelerated testing: IEC 62506. 2013 [ S/OL].
(2013-06-18) [ 2019-06-02 ]. https: // webstore. iec. ch/
publication/7139.
T AR B A, GIB 899A—2009 , A 4 Pk 4 52
A [ S]. Jbnt b EARME I R, 2009.
Guo H, Liao H. Methods of reliability demonstration testing
and their relationships[ J]. IEEE Transactions on Reliability,
2012, 61(1) .231-237.
Yadav O, Singh N, Goel P. Reliability demonstration test
planning: a three dimensional consideration[ J]. Reliability
Engineering & System Safety, 2006, 91(8) :882-893.
Li P, Li C, Dang W. Accelerated reliability demonstration
testing design based on reliability allocation of environmental
stresses[ J]. Quality & Reliability Engineering International ,
2017, 33(7): 1425-1435.
Xu J, Hu Q, Yu D, et al. Reliability demonstration test for
load -sharing systems with exponential and Weibull components
[J]. Plos One, 2017, 12(12) :e0189863.
Chen Y, Jing H, Liao X, et al. Methods to determine stress
profile in ALT based on theoretical life models[ J]. Chinese
Journal of Aeronautics, 2015, 28(3) : 729-736.
Chen S, Lu L, Li M. Multi-state reliability demonstration
tests[ J]. Quality Engineering, 2017, 29(3) :431-445.
Kleyner A. Effect of field stress variance on test to field
correlation in accelerated reliability demonstration testing[ J].
Quality & Reliability Engineering International, 2015, 31
(5):783-788.
Xu J, Yu D, Xie M, et al. An approach for reliability
demonstration test based on power-law growth model [ J].
Quality & Reliability Engineering International, 2017, 33
(8): 1719-1730.
Chang M, Kwon Y, Kang B.

Design of reliability

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

qualification test for pneumatic cylinders based on performance
degradation data [ J ]. Journal of Mechanical Science &
Technology, 2014, 28(12) ;:4939-4945.

Xu D, Wei Q, Chen Y, et al. Reliability prediction using
model [ J]. IEEE
Transactions on Components Packaging & Manufacturing

Technology, 2015, 5(11) :1573-1581.

physics-statistics-based ~ degradation

Jin G, Matthews D. Reliability demonstration for long-life

products based on degradation testing and a Wiener process

model[ J]. TEEE Transactions on Reliability, 2014, 63(3) .
781-797.
Luo W, Zhang C, Chen X, et al. Accelerated reliability

demonstration under competing failure modes[ J]. Reliability
Engineering & System Safety, 2015, 136(136) :75-84.

Luo W, Zhang C, Chen X, et al. Reliability demonstration
based on accelerated degradation testing for unknown model
parameters[ J ]. Proceedings of the Institution of Mechanical
Engineers Part O-Journal of Risk & Reliability, 2013, 227.
162-172.

Zhang J, Ma X, Zhao Y. Reliability demonstration for long-
life products based on hardened testing method and Gamma
process[ J]. IEEE Access, 2017, 5. 19322-19332.
TR, R A R ST B B AR A5
U ERIRSARAR R, 2010.

Yadav O, Zhuang X. A practical reliability allocation method
Reliability

D]. K

considering modified criticality factors [ J ].
Engineering and System Safety, 2014, 129.:57-65.
Rosmaini A, Shahrul K, Ishak A, et al. Failure analysis of
machinery component by considering external factors and
multiple failure modes:a case study in the processing industry
[J]. Engineering Failure Analysis, 2012, 25.182-192.

Kim K, Yang Y, Zuo M. A new reliability weight for
reducing the occurrence of severe failure effects [ J].
Reliability Engineering and System Safety, 2013, 117:81-88.
SRR, Mk, FeEW, S BRI AR S R
Wrge R SR R[], P9 BB R 23R
2010, 30(5) :536-542,547.

Limon S, Yadav O, Liao H. A literature review on planning
and analysis of accelerated testing for reliability assessment
[J]. Quality & Reliability Engineering International, 2017,
33(1):2361-2383.

Escobar L. A, Meeker W Q. A review of accelerated test
models[ J]. Statistical Science, 2006, 21(4) : 552-577.



