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Accelerated Degradation Test Planning for Multi-stage Mission Systems

LEI Xing, WANG Ziyu, ZHAO Xiujie

(College of Management and Economics, Tianjin University, Tianjin 300072, China)

Abstract: To address the reliability assessment requirements of multi-stage mission systems, this study proposes an
optimized design framework for accelerated degradation testing based on the Wiener degradation model. A mission success
probability model is established to analyze the joint effects of load heterogeneity and temporal asymmetry across mission
stages. Utilizing the large-sample approximation method, the asymptotic variance of parameter estimation is derived as the
optimization objective to determine the optimal test plan. Numerical case studies reveal that high-load stages dominate
resource allocation due to their nonlinear degradation characteristics, necessitating increased component allocation to
capture rapid degradation patterns. Reduced stage duration amplifies the variance of parameter estimation, requiring a higher
proportion of high-load group resources to compensate for data insufficiency. Two compromise rules are further proposed,
and quantitative analyses using relative efficiency metrics demonstrate a positive correlation between mission complexity
and efficiency loss. The resource-biased strategy achieves superior balance between estimation accuracy and practical
constraints, providing actionable suboptimal solutions for engineering applications.
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Table 2 Optimal plans with varied load level combinations across mission stages

B B A KT H B B R %) RITT R bR bR B e A
5 X1 X2 X3 fn 2 3 X7 X; 7 UM g (Avar)
SL-1 0.15 0.25 0.95 0918 0.082 —4.994
SL-2 0.20 0.25 0.95 0.898 0.102 -4.999
SL-3 0.10 0.25 0.95 0.930 0.070 —4.993
SL-4 0.15 0.30 0.95 0.10 0.25 0.30 0.148 1.000 0.877 0.123 —5.004
SL-5 0.15 0.20 0.95 0.936 0.064 —4.989
SL-6 0.15 0.25 1.00 0.884 0.116 =5.020
SL-7 0.15 0.25 0.90 0.943 0.057 —4.971
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Table 3 Optimal plans with varied end time combinations across mission stages
HHr B BT FHr AR %1 Y WIS bR B B A
5 X1 X2 X3 fn 2 2] X7 X3 T A g (Avar)
ET-1 0.10 0.25 0.30 0918 0.082 —4.994
ET-2 0.09 0.24 0.29 0.943 0.057 —-4.949
ET-3 0.10 0.24 0.29 0.945 0.055 —4.949
ET-4 0.15 0.25 0.95 0.10 0.25 0.29 0.148 1.000 0.976 0.024 -4.874
ET-5 0.11 0.26 0.31 0.883 0.117 —5.047
ET-6 0.10 0.26 0.31 0.877 0.123 —5.048
ET-7 0.10 0.25 0.31 0.792 0.208 -5.128

P A R & 6 BT 45 SL-6),  JrF b B S 2
Tt EARRREEH R TR, X UK X (A S 4L
fiti VA 2 B LR i 72 X T )5 S B AR e
Koo BURPEE

AT B R Z2IHE T, R FEE S
BB NEMELS ET-1 AR, BE— BRI RS
K —/NBES TR], e 7 8 v B 37K T ot
P53 T AT AH R = A2 B K 38 R, i 5 30 H bR R
¥, BUWL oy % Avar R, RBFH L, Rz, &
too db—2B e, 528 1. 2 M BRI e i
K hn (W FAES% ET-5 ET-6), &R H7KF Rt
PR FE B TR T, EARR BRI R, 28 3 B
BB 1) 35 L e 252 B K 0 A (] B ) O BT AT 45 ET-
7), SrECLBEER T, HARREURE TR, X
5 EXIR, X R Z I BAT % R G0 m B
FEUEATTER.
43 BRIUAERFR

R B S b TRE I8 SRR Z IR O, AT
FUHE P AT AN, G kA X RORAE (relative
efficiency, RE) 5 A% 2404 LU B & A0 4 907 R 1 Mk R
BRGNS, AR et R Gk

AHEFH AT E T RN =R TR, K,
HH RN 8L g 7K X B A 9 S0 87 g 7K 1)~
B, BIXs = +x3) /2, HLH6E R 58 e 123
Bict Ll A5 oy 4 75 056 B B 4« RE B8 25 502 50H [
5t T s R B bR R EUE S s AT 27 & Bix
PREUEM L, —8BKT 1, BEERRARRE K
o7 R . PRk, FEAE s ORI A 1)
R, m[EH 10%, AHXSRAEMEN RE;: 2) R, =
fi] 7E B 20%, AHX XUFEAE N RE,. F4%E4% RE L
{E N 52 XN RE/RE,, B R, FHIEAMRITET R HIR

PRAEUE S R, T s AR 4 207 %8 H b ek UE 1 B
B, FFE3IFEN: HREME>1, R MNEE
PEREDL T R, HLEUEBOCEM R, &M 1wk
Kyi: 2)REHAE<], Kk, FFEZE; 3)RE
FofE=1, PSRN RR R, R SRR RS
HFE. T LU EAAEM 42 WP EAES T, B
B EAEMMITE T RER WL 4. K 5 PR,

M REERFE, WY SRR s A 2 5
E SR EEER ST RAY S LWl S X & Xl
&, AR FEBE 5T % S BRI AR E R G ORBK,
R 45 B K P 22 Sl ok L B B IR BR 1 i
P S AT I P 28 e A0 R M R B 35 o 3 U T [
ENTHH 5 HAEBFRWMR, MERMEST
e SR B 5 T g A P R U DA A PR IR
RAHFAE, AH ; ([ 58 20 SR PRI T 5535 43 B 1 R
Y, SESHAG T ZE R, A, BB R4
SR RLERAR R, PR Dy S B 8 4 1) B0 43 Tic LA
AMEHAREA L, 10 o B TR T
EBEINA VI

M RE HAERE, FrAESFRIHESAT 1, X
UE T R, AUTE S Z-AT 5 B pe v, g 8
TRBURL SR NS, TESHUh TR S 2 o R P 2 TR 5
DUBAR P, X BAEE T X T RE EEE R0 4T
4.4 HEHLEGHE

N SRS T FE A IR AR N A R, A
W 75K F SR 4 RIS LR TS 400 = (a,8,0) Al
AR T 2 ST 2. BN ERREAR
N €{10,20,50,100,200} , F=TAEGUEMHRT (WK (1))
AR 1000 2R A H s, 3d o A KB AR Al T SR L
SZEAGTHEIF T E AR 7 2%, R 3T Fisher /5 5
FERE (IR (13) ) ST 77 2 . B ZE el 34k n



54 HOE, R, BEN: N2 BUES RS R IER I R 97
*4 AEESHBEABKTFAEGTHERETRAR
Table 4 Optimal compromise plans with varied load level combinations across mission stages
. W =G WIES H b bR B —— HX AR
: oF R
Fm) X; X5 X; ™ T, s lg (Avar) [EdIE
R, 0.113 0.556 1.000 0.813 0.100 0.087 —4.984 0.989
SL-1 1.011
R, 0.066 0.533 1.000 0.708 0.200 0.092 —4.973 0.979
R, 0.112 0.556 1.000 0.794 0.100 0.106 —4.990 0.992
SL-2 1.008
R, 0.063 0.532 1.000 0.690 0.200 0.110 —4.982 0.983
R, 0.113 0.557 1.000 0.825 0.100 0.075 —4.980 0.987
SL-3 1.013
R, 0.067 0.534 1.000 0.719 0.200 0.081 —4.967 0.975
R, 0.111 0.556 1.000 0.774 0.100 0.126 —4.998 0.993
SL-4 1.007
R, 0.061 0.530 1.000 0.671 0.200 0.129 —4.991 0.987
R, 0.114 0.557 1.000 0.830 0.100 0.070 -4.974 0.985
SL-5 1.015
R, 0.068 0.534 1.000 0.724 0.200 0.076 —4.960 0.971
R, 0.111 0.556 1.000 0.781 0.100 0.119 —5.010 0.990
SL-6 1.010
R, 0.062 0.531 1.000 0.677 0.200 0.123 —5.001 0.981
R, 0.114 0.557 1.000 0.837 0.100 0.063 —4.959 0.988
SL-7 1.012
R, 0.068 0.534 1.000 0.731 0.200 0.069 —4.947 0.977
x5 ARAESHBELERFHZES THRERTEAR
Table 5 Optimal compromise plans with varied end time combinations across mission stages
fiE AR % b B8 M A . fxt R
% - - - - - - IR R A .
FL X X; X3 7 T T 1g (Avar) LefE
R, 0.113 0.556 1.000 0.813 0.100 0.087 —4.984 0.989
ET-1 1.011
R, 0.066 0.533 1.000 0.708 0.200 0.092 —-4.973 0.979
R, 0.114 0.557 1.000 0.837 0.100 0.063 —4.935 0.987
ET-2 1.013
R, 0.068 0.534 1.000 0.731 0.200 0.069 —4.922 0.974
R, 0.114 0.557 1.000 0.838 0.100 0.062 —4.935 0.986
ET-3 1.014
R, 0.069 0.534 1.000 0.732 0.200 0.068 —4.921 0.973
R, 0.115 0.558 1.000 0.868 0.100 0.032 —4.858 0.984
ET-4 1.016
R, 0.072 0.536 1.000 0.761 0.200 0.039 —4.842 0.968
Ry 0.111 0.556 1.000 0.780 0.100 0.120 —5.039 0.992
ET-5 1.008
R, 0.062 0.531 1.000 0.676 0.200 0.124 —5.031 0.984
Ry 0.111 0.556 1.000 0.775 0.100 0.125 —5.041 0.992
ET-6 1.008
R, 0.061 0.531 1.000 0.671 0.200 0.129 —5.033 0.985
R, 0.107 0.553 1.000 0.694 0.100 0.206 -5.122 0.994
ET-7 1.006
R, 0.049 0.525 1.000 0.593 0.200 0.207 =5.117 0.989
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Figure 2 Comparison of empirical and asymptotic variances of parameter estimates under finite samples
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Figure 3 Sensitivity analysis of y,, and L on MSP
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Figure 4 Sensitivity analysis of y,, and L on Avar
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