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Research on Reliability Growth Prediction of Aerospace Products based on
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Abstract: Based on the AMSAA model, which is centered on the failure data of the same or similar products collected during the
R&D stage, the principle of minimization of discrete coefficients is innovatively introduced as an optimization criterion, which is used
to guide the selection of goodness-of-fit test statistics. After integrating multivariate information such as mean and variance, a new
algorithm for solving the time-environmental folding coefficients is constructed, aiming at effectively folding the original failure data
and then accurately estimating various parameters of the model. By solving the resulting folding coefficients, the one-sided lower
confidence limits of MTBF (Mean Time Between Failure) are calculated one by one for each of the 10 different confidence settings
when the product design is being molded. Example studies show that when the confidence interval is between 0.9 and 0.99, the method
consistently produces better results than the existing literature regardless of the same confidence level, i.e., the accuracy of the method
is significantly improved for predicting the reliability growth of aerospace products. In addition, the values of the time-environment
folding coefficients solved by the improved method do not change at different confidence levels, i.e., the quantitative relationship
between the environmental stresses and the real environmental stresses for each test item does not change due to the increase in
confidence level, which also proves that the improved method is closer to the engineering practice from another perspective.
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Tab.1 Failure data from initial product development tests
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Fig.1 Process for solving the time-environment discount factor
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Tab.2 Failure data from product development test for a certain type of space product No.1
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Tab.3 Failure data from product development test for a model of space product No.2
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Tab.4 Failure data from product development test for a model of space product No.3
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Tab.5 Critical values C; , of the Cramer-Von Mises statistic
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0.01 0.186 0.231 0.279 0.295 0.307 0.316 0.319 0.323 0.324 0.327 0.333 0.333 0.333 0.336
0.05 0.175 0.184 0.191 0.199 0.204 0.208 0.210 0.212 0.212 0.215 0.217 0.218 0.221 0.221
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RS hl R EUR B (B2) vk, o 80K, B4 S5 ZREBINIE FERE. BIRE b A R g1
PG 1 A2 A B ) T R FMHN T S EEER 2 H, W6 R,
0351 %6 n, =208 CRIEGITENIRRMEC,
n=2 n=9 Tab.6  Critical values C; , of the Cramer-Von Mises statistic at
0031 n=3 n=10 n, =20
n=4 n=15 i
n=5 n=20 1-
025 i i 0.90 | 091 | 0.92 ] 0.93 | 0.94 | 0.95 | 0.96 | 0.97 | 0.98 | 0.99
% n'_=6 n‘=30 a
O n=7 n=60 Cfa 0.172]0.1730.179(0.187]0.195|0.217|0.221|0.241|0.271 {0.333
020 n=8 n=100
T30 O TR BN BB A TR St
0.15F \ Tt A g N »
=_ RSN, AR SCHR I DAL (P R B R MR
N IMES EFRIR AR (R (2) ), BRI RR A st
0 0.05 0.10 0.15 0.20 0.25

(24

E2 C; H=E

I IR 47 & R B B A HEAT SR AR T 45
—mln{ zCl,,}

Fig.2 Scatterplot of C;
{Uis_Ul a2 (9>
S.t. c? c?
F I MATLAB X} & 5 804 BEAT 00 &, 1R 3I1E R, =
-+ B[]
20 I T, €2, = 0.084 x ¢, FI R 0.992, HRGRIAKT .
#*7 TREEEETHENERTEGRZHE
Tab.7 Values of time-environment conversion factor at different confidence levels
g f BRSO/ (Bt e BL(ER 2N
% 0.9 091 | 092 | 093 | 094 | 095 | 096 | 097 | 098 | 0.99 | 09 091 [092[093| 094 [095][096|097| 098 | 0.99

k, 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

02 | 04]04]04|04]| 04 |04]04]|04] 04 0.2

k, 1 1 1 1 1 1 1 1 1

1 12 | 1.2 | 1.2 ]| 12 1.2 12 | 1.2 | 1.2 1 1

ks 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4

24 121 |21 |21 |21 21 2.1 | 21 | 21 2.1 2.1

ky 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

08 | 0808 |08 |08]| 08 |08]08]08] 08 0.8

ks 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

1.6 1.6 | 1.6 | 1.6 | 1.6 1.6 16 | 1.6 | 1.6 1.6 1.6

B RHAR TRk, by ks ke kAH, TZBEE3H]
PEEXS 15 77 AT T SRR SR A VP A, % bE 79 st (1]
W& RECRIE T 1%

ST H AR B 1S R BR G BE  I AE

BEATAHRIAC R, Jf 48 S5 % AE & BAEKP T
P i o 3 e e e DL B 15 7 AR BRI R B B e i
BIERRE AN GERES.



E

B RAE T AMSAA BURRITR ™ i m] SE R R T 7T 49

MAENI E ALHENNE,

| SRR R (T O TER ST 4 R 8k |

[ R ST B B ] R T

| ORI R S BRI S M
v

| R M BIMTBE A |

EE SOR WAy

3 1S/ mEIMTBF B EE TR THEKRERE

Fig.3 Procedure for solving MTBF unilateral confidence lower

bound estimate of product 1
®8 1 SEREFERERE TEFEBHENTHIMEIK
1A E)
Tab.8 Test time for the entire development phase of product 1 at
different confidence levels after discounting

oy #ﬁﬁ)ﬁiﬁgﬁﬁlﬂm ;
B fEED B R S
0.99 1250 1328
0.98 1322 1328
0.9~0.97 1362 1328

H1 2 8 AT, JE I A 56 20 N () IR BE 47 & J B0 4
JE BRI KA, A gt E v R BT bR i
U < U,_,, XRIFTE SR EEE £ 00h b
THEa%: Fr, HEAIIKME I ERR SR ot
HIE R T WA 2, < €2, XFLEWE Sk
HH AR AR L 8 7 AR AMSAA R F AL
AL

FEI0F AR EMFE T, #ZE @ RS
a, M b, L mAL THE . ROVSbEEE A0, Fril]
PUEE S (6) M (7) SR b 158 L L B ]
BRI, MRS R UK FrR.

&9 1 SAKR”HRMTBF 2UEF TR

Tab.9 MTBEF unilateral confidence lower limit for space product

No.1

a, MTBF/h
BEE | Bg | wWHE | BRA | WE BELR ¥
o | wmA | Hum | wAD | Bab 5/
0.99 | 0958 | 0943 | 0422 | 0428 | 72928 | 67.713
098 | 0958 | 0559 | 0422 | 0498 | 78.590 | 66.410
097 | 0958 | 0539 | 0422 | 0.501 | 81.101 | 70.183
096 | 0958 | 0539 | 0422 | 0501 | 84.245 | 72.904
095 | 0958 | 0539 | 0422 | 0501 | 88.174 | 76.304
094 | 0958 | 0539 | 0422 | 0501 | 88.803 | 76.848
093 | 0958 | 0539 | 0422 | 0501 | 91.003 | 78.752
092 | 0958 | 0539 | 0422 | 0501 | 93.046 | 80.520
091 | 0958 | 0539 | 0422 | 0501 | 95.090 | 82.289
090 | 0958 | 0539 | 0422 | 0.501 | 98.076 | 84.873

N

B R B A AF R T SE MR TR R, AR SCR A Wi Ah
TEMEHE 0 [ A EE 4T & R4 Wi 5 ik SR A A
R Ge it B E M ISR Sk 5 A T R
PEMERTEREB R, £09%0.99 KEGEX
[N SEEL R BT . LR IERE, ST 1577 5 i MT-
BFE M3 7 BAS FFR, -8 7 MR B 5 20 A6
WK 4FTR. B4 RE65 BW I M B E K0 3N
0.9~0.99 if, THEH 15 7= 5 Y MTBF ) 5100 Z (5
TR SR [14] i3 mss B,

100
95
90 . [ Enm

85 . [ ]
W T res

00 [o Bfithl \ P
651 | m EECREORD +

60
0.89 091 0.93 0.95 0.97 0.99

I-a
4 AREEFEETMTBF2MEETRERSE
Fig.4 Scatterplot of MTBF one-sided lower confidence limits at

MTBF/h

different confidence levels

B 5 9Nk 55 28 Jm AN B L MTBF #100 &
& MIRERIBUSIE, AT IR T A2 2 i % 2tk
MEE, R/ITIEL, WITHLR S %% L BA s
HMRME, RIEEEAKT N [09~0.99] XA, {EF
PR BB, SRAASCIR B A TS i
SR K A A B AR . R, ARSCIR MRS
AT S A BN B T PRAE S e, BV AT DL 2 A A
KRBT BEA AN RE I H B ZE s N R, BETTZ) 1A
PRI A, SOR] LR T AR RCR A dh kb 5t [
b, A8 S B B PP R AR ST Y 0 50t U i 2 ok
BERALTF B @ -
100 -
951
90
851+
80+
75+
0L | eMfHER/A
651 | mETHR R/
080 oo o.'931' 095 097 099

5 AFERETMTBF BUEE TIRER<E(FigHs)
Fig.5 Scatterplot of MTBF one-sided lower confidence limits at

R=0.988 2

MTBF/h

R=0974 @

different confidence levels (with trendline)



50 T 5 R 2 BB ROBSED

2025 4F

SFERE, 4T CLERE BIREE B S KT
$ETE, PR R 1 MTBF BA5 T BRAA 8] 10 22 R
FEARWTRAN . I EAEEE BT, AT RT3 2 1
ki ko ks by b TEH S RAEARAL, X IR T AT A
g R Wi l, AR H . HEIN )
55 SRt AR 2 18] (1 E A 5¢ 2 2 Bl LA FE A g KT
KRAZNEME . HEEETTERER &, k. ke ks kY
EHFBA AR, W — DA IR 1A SR A et
I EE T TR SR . FUSE AR A5 i 5
BUK, LRI BE MM B2 W 41, i
L N I T PR B 47 AR KB N R KB . AELE
WHgerh, RAME LRI g & i B R B My
PALARHE, B AERS AT IR [R]AB4T & R By o KA
s, DAEAERRE 7 g TP B MTBF BLAS BRI
IR SRR, AT SE 4 M A2 SE B BT 57 R 7 oK

4 % ®

AT AMSAA LAY, AR ahit iR A
ALl [F] 2 7= ARG B B AT AR R I AR A, add FoR
AR ER R G 2 BB R s /MR, ARt
IR I ST & REEUE . [, St
SEEZOT A IMILE FVE L, R MR E LA
s FE R B, WA ES B2 KR,
RIGE n, G 00 €2 AE I ) T R O A AR, M
T AT 56 0 AR ST HE TR S0t 9 A3 I AE 10 A A A ELAS
FET k. AR, XEASE EAE BN MTBF 500 &
& FIRME RS S EaRmas LG KM, EEEKTN
[0.9~0.99] [XTa]py, AHIFIEAE KT AT 7 H
7 EFTR S5 B R Sk, A, AR
BITRIBR I K, ke Ky Ky K AETFRE A, TRIAAR S
MG i B E G o R DL AR
e E VSRR, TR ARSI B B S UFME .

ESbrE e fE s, BT &R R TR S8
TR B A W R A T L AR () 3 i O S 15
KA TEMRIGOLT, QDR AR SCHE I 7 V5 A
JE FH AR B A IR BRI (14 0 B A4 14 AT S 1 25 VA
W, R DR ARET (RS HT & R A, DR AL T
RIS, A TRIRAIRY

& F X #
[1] XUk, FEANZE, IR, 55 . TR 45 B0 = 5 1 R 50 s b 4L
LR R[T]. MR AIAEE TE, 2024, 41(2): 244-250.
LIU lJialin, TANG Xiaojun, MU Cheng, et al. Standardized

(2]

(31

(4]

[3]

(6]

(7

(8]

[9]

[10]

management system for performance test data of typical spacecraft
products[J].
244-250.
JASCH, AR, B, 45— MOHT IR 8 R ST SR SR AR R E
THET]. iR % TFE, 2022, 31(5): 26-34.

ZHOU Wenming, LI Caixia, LIAO Jie, et al. Reliability indices

Spacecraft Environmental Engineering, 2024, 41(2):

demonstration method for newly developed spacecraft[J]. Spacecraft
Engineering, 2022, 31(5): 26-34.

RRAE, RSFIC, T H R, A R AR a6 1 S A iy S5
B BT HOR 0], R RO R R A A, 2019, 51(ST):
149-154.

QIN Taichun, LIU Shouwen, ZHOU Yuege, et al. Life prediction and
quality consistency assessment for spacecraft component test[J].
Journal of Nanjing University of Aeronautics and Astronautics, 2019,
S1(S1): 149-154.

RGN RS R G T SRR KR S BOR BT D], A
HLTRHE R, 2021

HU Junming. Key technology of reliability growth test of small
sample complex system[D]. Chengdu: University of Electronic
Science and Technology of China, 2021.

BORTE, E e % TSR MR R PP BOR B ST ], L
A EEE S IREHALKE, 2021, 39(5): 64-67.

DUAN Feifei, WANG Tianyu. Study on evaluation technology of
aviation equipment reliability growth[J]. Reliability and Environ-
mental Testing of Electronic Products, 2021, 39(5): 64-67.

PRINGE . R R A5 R I I 34 o o XU T 2 AR [T, TR 5 ]
HEPE, 2021(2): 46-49+55.

SHEN Yuanting. Quality risk management of inherited special
components for space exploration[J]. Quality and Reliability, 2021
(2): 46-49+55.

LI J, COLLINS G, GOVINDARAJULU R. System reliability
growth analysis during warranty[J]. International Journal of Mathe-
matical, Engineering and Management Sciences, 2019, 4(1): 85-94.
AR, A2, BEA . BT AMSAA LAY R i i) i 50 5030 7T 5 1 45
B PP AR AR 2440, 2003(8): 745-748.

DU Zhenhua, ZHAO Yu, HUANG Min. Integrated reliability evaluat-
ion of development test data based on AMSAA model[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2003(8):
745-748.

LI Qiang, YUAN Xiaolin, YANG lJiapei. Application of ant colony
algorithm in the optimization of the time environmental conversion
factor of the reliability models[C]// 2008 International Workshop on
Education Technology and Training & 2008 International Workshop
on Geoscience and Remote Sensing, 2008: 794-798.

S, SR . FET AMSAA RSEAY ) R it ] SE PR G PR Tk
W] BRI TR, 2019, 16(5): 106-110.

WU Hecheng, HU Lin. Comprehensive evaluation method of
molding product reliability based on AMSAA model[J]. Equipment
Environmental Engineering, 2019, 16(5): 106-110.

(FT#H%F647)



64

SO 5 R g B RO 2025 4F

(9]

[10]

[11]

[12]

[13]

[14]

[15]

flying[J]. Journal of Astronautics, 2024, 45(3): 325-340.

YU J L, DONG X W, LI Q D, et al. Cooperative guidance strategy
for multiple hypersonic gliding vehicles system[J]. Chinese Journal
of Aeronautics, 2020, 33(3): 990-1005.

ZHANG X, LIU S, YAN J, et al. Fixed-time cooperative trajectory
optimisation strategy for multiple hypersonic gliding vehicles based
on neural network and ABC algorithm[J]. Aeronautical Journal,
2023, 127(1316): 1737-1751.

LIY X, LIU X F, HE X H, et al. Cooperative optimal guidance of
hypersonic glide vehicles by real-time optimization and deep lear-
ning[J]. Proceedings of the Institution of Mechanical Engineers, Part
G: Journal of Aerospace Engineering, 2023, 237(10): 2266-2283.
VEPA R. Feedback tracking control of optimal reference trajectories
for spacecraft relative motion[J]. Advances in Space Research: The
Official Journal of the Committee on Space Research (COSPAR),
2022, 69(9): 3478-3489.

OU C, SHAN C J, CHENG Z T, et al. Adaptive trajectory tracking
algorithm for the aerospace vehicle based on improved T-MPSP[J].
Mathematics, 2023, 11(9): 16.

W3k, J5E AL, AR . kN AT SRR AL R S N
il FITEBFL]. AT J1%F, 2023, 41(6): 51-58.

YANG Mei, SU Zili, ZHAO Jisong. A reentry guidance method with
online trajectory optimization for hypersonic glide vehicle[J]. Flight
Dynamics, 2023, 41(6): 51-58.

AL, BRHE 2R, 218, S5 ] 2 A TR &% FEN B R) /) 0 SE ).
S5 HRIZ B, 2021(3): 71-77.

LI Zheng, CHEN Haidong, PENG Bo, et al. Coordinated reentry
guidance law for reusable launch vehicle[J]. Missiles and Space
Vehicles, 2021(3): 71-77.

[16] XU H, CAI G B, FAN Y H, et al. Analytic time reentry cooperative
guidance for multi-hypersonic glide vehicles[J]. Applied Sciences,
2023, 13(8): 24.

[17] ZHAO K, SONG J, HU Y L, et al. Deep deterministic policy
gradient-based active disturbance rejection controller for quad-rotor
UAVs[J]. Mathematics, 2022, 10(15): 15.

[18] LI X, JI'Y H, SONG Y, et al. Modified deep deterministic policy
gradient based on active disturbance rejection control for hypersonic
vehicles[J]. Neural Computing & Applications, 2024, 36(8): 4071-
4081.

[19] FREMES:, EH, ¥ . 36T hp O 38 M DA 1 i A s v AT 48 8

AL ] [T, SRS IR, 2020(5): 66-75.
TANG Shengjing, WANG Xiao, GUO Jie. Trajectory optimization
and guidance for hypersonic gliding vehicles based on hp pseu-
dospectral convex programming[J]. Tactical Missile Technology,
2020(5): 66-75.

£ & & N
RE® (2000—), H, WULBFFA, FEHETIT RN CAT ISR
. ST HEIE 5N .
FHAM (1987—), 4, L, @IHEE, FEHFT RN AT AU
oAt flFSimEAR M2
R OW (1989—), B, Eid, #HE, EEEIIT RN AT 2 g BAE
il SEALEE S e KN .
XRA (1991—), 5, Eid, 8IFdR, FEOTIT N ATSHHE
oAt WS, Ak I F R N
fmowk (1968—), B, #dR, FEWFA T WN AT RIEESE . 0R
b2 > B SR o

(E#F507)

(11]

[12]

[13]

[14]

[15]

BORTK, A N bl EE A A IR R S
J7 FVI]. o E LREH U AR, 2022, 20(6): 561-564.
DUAN Feifei, WANG Tianyu, WEN Yekun. Design of timing
censoring statistical scheme for airborne product reliability qualifi-
cation test[J]. Transactions of China Engineering Machinery, 2022,
20(6): 561-564.
Sk W1, SRR, TS 6. 25T AMSAA B (1 52 J MR A R4
AIEEPERC TR KM S 244, 2023, 44(2): 70-74-+80.
JIN Yongming, WU Zuodong, WANG Pengfei. Reliability growth
method of a complex naval gun weapon system based on AMSAA
model[J]. Journal of Artillery Launch and Control, 2023, 44(2): 70-
74+80
LW, XA, YL, . TR EIRIIT & R B Ty 1

Eﬁﬁ% J. EEHR, 2019, 37(2): 89-93.
LU Xuefeng, LIU Jingcheng, JIANG Sijie, et al. The method of
determining environmental conversion coefficient in engineering
and its application[J]. Environmental Technology, 2019, 37(2): 89-93.
+i#&4é A, BRGE, 45 7B E BN MTBF B (5 X 3] () i

SE [J]. B SE i 510K, 2003(2): 38-43.
DU Zhenhua, ZHAO Yu, CHEN Jindun, et al. The determination of
MTBF confidence interval at product designing finalization[J].
Practice and Understanding of Mathematics, 2003(2): 38-43.
TRER, 2, B, A5 AT REME SR AL IR0 A AR AR e ) RL
WRFL[I]. BRI SR8, 2018, 45(6): 43-50.
XU lJing, LI Haibo, HONG Liang, et al. Study on reliability

enhancement testing and application in aerospace products[J]. Stren-
gth and Environment, 2018, 45(6): 43-50.

[16] W%z, ZREEE, [ i1, 55 . 11k 00 56 8 RO Stk B b v &
FAPEPH Y 5 07 VR 98] MR MR A B, 2023(9): 14-18.
SHANG Qian, JIANG Shengxin, LU Hongwei, et al. Research on
the applicability evaluation model and method of aerospace product
test standard for test identification[J]. Aerospace Industry Mana-
gement, 2023(9): 14-18.

[17] ZFiFL, SO, 50, & FhRZ B2 RS EE VY K R 5)

A BTN FE BT 56 R G2 BT A (7], 3R B4R, 2020, 38(5):
201-206.
LI Difan, JING Chaojie, LI Jingyu, et al. Development of a four
integrated dynamic simulation accelerated environmental test system
for temperature, humidity, vibration and salt spray[J]. Environmental
Technology, 2020, 38(5): 201-206.

[18] ANWAR D A, ABTTAN R. Simultaneous fault detection and
diagnosis in electric power system using hybrid method[J]. Interna-
tional Journal of Engineering & Technology, 2018. DOI: 10.14419/
ijet.v7i4.14146.

£ & @& N
OBk (1994—), 2o, BhE, FERFF T O TSV .
A (1963—), B, ¥, HEAESI, FEWFI T NS
VAl



	2097-1974-2025-1-42-50
	64

