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Storage Life Evaluation of MEM S Gyroscope Based on Wiener Process

TAN Tiantian, ZHANG Shiyan, YANG Haoyu, ZHAO Fangchao

(CSGC Key Laboratory of Ammunition Storage Environment Effects, Southwest Institute of Technology
and Engineering, Chongqing 400039, China)

ABSTRACT: The work aims to propose a storage life evaluation and model accuracy verification method based on the Wiener
process according to the performance degradation data of the MEMS gyroscope obtained in the step-stress acceleration test.
Firstly, temperature was determined as the main environmental factor affecting the performance degradation of MEMS gyro-
scopes during storage, and the performance degradation data were obtained by a step-stress acceleration test. Secondly, the evo-
lution law of each performance parameter was analyzed, and the scaling factor was determined as the characteristic performance
parameter. Finally, the linear drift Wiener process was used to establish a model for the degradation trajectory of the scaling
factor, and the storage life at actual natural condition was evaluated. The model accuracy was validated by the leave-one-out
method, and the minimum accuracy of the model was 86.44%. According to the established model, when the reliability level
was 0.95, the storage life in the actual natural environment (25 C) was 50.02 years. The accuracy of the performance degrada-
tion model based on the Wiener process was above 85%, so the model is applicable to the performance degradation prediction
and storage life evaluation of MEMS gyroscopes under specified storage conditions.
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Tab.1 Testing cycle of step-stress accelerated test
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Fig.1 Step-stress accelerated degradation trajectories
of the scaling factor
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Tab.2 Model parameter estimation results of Winner process
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Tab.3 Test results of degradation model
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Fig.2 Reliability curves of MEMS gyroscope

MREBUEBEREER

300

FERH S Remse/1070 R [FEMIR S Ramse/107¢ R
#1 242 09879 | #13 1.70  0.994 8
#2 035 09998 | #14 0.95 0.9985
#3 1040 0.8644 | #15 0.79  0.998 3
#4 340 09839 | #l16 1.04  0.9975
#5 8.11 0.8882 | #17 0.74  0.9990
#6 3.89  0.9693 | #18 1.81  0.9942
#7 0.54 09994 | #19 0.38  0.999 8
#8 297 09854 | #10 229 0988 4
#9 269  0.986 1 #21 3.83 09771
#10 557 09347 | #22 0.65 0.999 1
#11 146 09954 | #23 533 09331
#12 6.09  0.9006 | #24 742 08768

3 Z5iF

ARCHT KA MEMS B BRCE i 6  in st R 1k

IR, AL T LA A AE G i R AR

BAUAFIEVE BES BOR I PLIE o E— L X E A BT+
AT i ke A R IE A (R, 2 B RS R
TEAST VA B o S AR B 38 R 25 R e R4 2 A
BRI 8 b5 T, BEORLMER B 5 T 85% . 4R R,
A7 B AE 2N i R AT RE £ 5 5 B R Al B ki A ) B
PUPE L R A5 P AT REZ (] 22 50, 38 ] T %8 MEMS
BESRAAE HE I i B AR (4 A PSS E, wl HE)
JS7FH 7 ELAT ML 4054 14 2 16 7 7 T e 0 A7 75 i

PGB R 57 5 B6IE

EEBEE

(1]

[7]

A, 2P, HEse. — i) SR 2l o TR e nT SEpE
W k[)]. 2B TR, 2014, 11(2): 103-105.
ZHONG W J, LI D S, CUI L. A Method for the Reliabil-
ity Prediction of Electronic Components in Guided Muni-
tions[J]. Equipment Environmental Engineering, 2014,
11(2): 103-105.

WL, EHH, BOr, S A S R UR
TiUE RGBT )]. Sedede & TR A4, 2021, 42(8):
39-45.

PU Y B, WANG Y Y, ZHAO F C, et al. Design of Fault
Prediction and Early Warning System for Typical Guided
Ammunition[J]. Journal of Ordnance Equipment Engi-
neering, 2021, 42(8): 39-45.

RIZR, SRk b, 1585 B RS A 1 4 5 i 1 4
RERYRZIA[T]. A BT R 2274 (A SRR iR, 2010,
34(2): 161-165.

SONG W D, ZHANG J Z. Influence of Zero Drift of In-
ertial Guide Gyro on Trajectory Characteristics of Termi-
nal Guide Shell[J]. Journal of Nanjing University of Sci-
ence and Technology (Natural Science), 2010, 34(2):
161-165.

W, AN, RERUT, S BTN A i 0 by
AP AR )], TCATTRE, 2017(10): 62-66.
HUANG C, MU X H, NIU Y T, et al. Overview of Gyro-
scope Storage Life Evaluation Based on Accelerated Life
Test[J]. Aerodynamic Missile Journal, 2017(10): 62-66.
WEE, BRERAE, K. BOLAH A 5 e S R
R KI5, 2021, 46(9): 182-186.

CHU J, CHEN R J, ZHANG B. Research on Plateau Bal-
listic Features of Laser Terminal Guidance Projectile[J].
Fire Control & Command Control, 2021, 46(9): 182-186.
SRHEHE, SRAAk, BOTE, SE SEHUARE IR AR
AR KM REIR AT RIS [T]. 24 PRI TR, 2023,
20(3): 15-21.

ZHANG S Y, WU H L, ZHAO F C, et al. Performance
Evolution Law and Degradation Model of Mechanical
Gyroscope during Long-Term Storage[J]. Equipment En-
vironmental Engineering, 2023, 20(3): 15-21.

S, Blbdn, /DR AR I A A i g LA 1]
HLT i AT AR SRR, 2021, 39(1): 94-100.

WU S, (LU/LV/LU/LYU) J J, LI X K. Review of Reli-
ability Accelerated Life Test[J]. Electronic Product Reli-
ability and Environmental Testing, 2021, 39(1): 94-100.
CHEN W H, GAO L, PAN J, et al. Design of Accelerated
Life Test Plans—Overview and Prospect[J]. Chinese
Journal of Mechanical Engineering, 2018, 31(1): 13.
NELSON W. Accelerated Life Testing-Step-Stress Models
and Data Analyses[J]. IEEE Transactions on Reliability,
1980, R-29(2): 103-108.

GIB 5103—2004, 5245 PFhNid 75 B0 75 [S).

GJB 5103—2004, Accelerated Life Test Method for
Ammunition Components[S].

KR, BrEam, mm, S APRER s A e £



<64 -

2024 4E 2 A

[12]

[13]

[14]

(18]

TR KA A rh B D). KT, 2003(1): 19-21.
ZHENG B, YANG B Q, NAN B, et al. Application of
Stepping Stress Acceleration Life Test in Forecasting
Primer Storage Life[J].
2003(1): 19-21.

XIFRT . ZVERESBRIRTIE T iy v] FEE A 5 PP
TIEWFED]. dbat: JERUHAs iR Ko, 2014,

LIU Z Y. Reliability Modeling and Assessment Method
for Dependent Systems with Multiple Performance Char-

Initiators & Pyrotechnics,

acteristics[D]. Beijing: Beihang University, 2014.
2R, "N, XU, S RBAE T RO Sl i R ATL
B AL B A AR N R 9], A sl ki, 2022,
48(9): 2119-2141.

LI TM, SI XS, LIU X, et al. Data-Model Interactive
Remaining Useful Life Prediction Technologies for Sto-
chastic Degrading Devices with Big Data[J]. Acta Auto-
matica Sinica, 2022, 48(9): 2119-2141.

WE, J%E, BRou, . L HEN I nE A e i g A
bR EEAE " it AR T BN HI[D]. A PR TR,
2017, 14(1): 30-33.

TAN Y, ZHOU K, LUO TY, et al. Application of Data
Processing Method for Step-up Stress Accelerated Life
Test in Product Life Testing[J]. Equipment Environmental
Engineering, 2017, 14(1): 30-33.

BN, SEaE, BRRE, AF SR TODEINEIR i
AT AT REPEPPAGHOR[T]. RaE RIS S Lk,
2010, 30(7): 1279-1285.

JIAZ Q, CAIJ Y, LIANG Y Y, et al. Reliability Assess-
ment Technology for Electronic Equipment Based on
Step-up-Stress Accelerated Degradation Testing[J]. Sys-
tems Engineering-Theory & Practice, 2010, 30(7):
1279-1285.

FETQITTR N 2. 2 APl N O 5 2 ) [ B S E A L )
BT A F A ). T oot 508, 2014, 33(6):
72-76.

GAO L N, ZHAO L. Life Prediction of Electronic
Equipments Based on Step-Stress Accelerated Degrada-
tion Test under Temperature Stress[J]. Electronic Com-
ponents and Materials, 2014, 33(6): 72-76.

BUINBR, TRAE. T HL T E AP RNy gt B i e A P
THE]. PR TR, 2008, 29(6): 87-89.

LUO X L, ZHANG Y. Data Processing Method for Stepping
Stress Acceleration Test of Radio Fuze[J]. Journal of Ordnance
Equipment Engineering, 2008, 29(6): 87-89.

FOL, BRa M, sk, 2 ARLMEL BN EuR A
a1 AT FEME VR AL T R (3], LRt S i K R AR A

[19]

[21]

[22]

[23]

[25]

2016, 42(3): 576-582.

CAIZ Y, CHEN Y X, ZHANG Z M, et al. Reliability As-
sessment Method of Nonlinear Step-Stress Accelerated
Degradation Data[J]. Journal of Beijing University of
Aecronautics and Astronautics, 2016, 42(3): 576-582.
XN, FEELE, RIRT, 5. HATBENLRO 4E9 i 7
1825 5 R g nsER AR IR O AL BT[], 4 S PR,
2019, 34(12): 2558-2566.

LIU X P, CUI D J, WU Z Y, et al. Optimal Design of
Step-Stress Accelerated Degradation Test Based on Wie-
ner Process with Random Effects[J]. Control and Deci-
sion, 2019, 34(12): 2558-2566.

DUAN F J, WANG G J. Optimal Step-Stress Accelerated
Degradation Test Plans for Inverse Gaussian Process
Based on Proportional Degradation Rate Model[J]. Jour-
nal of Statistical Computation and Simulation, 2018,
88(2): 305-328.

SUN L, GU X H, SONG P. Accelerated Degradation
Process Analysis Based on the Nonlinear Wiener Process
with Covariates and Random Effects[J]. Mathematical
Problems in Engineering, 2016, 2016: 5246108.

SRAET, BAE. BT ARZ Mg i P i AR il 4 5
P A C RS A A A T E (D], SRR TR AR,
2019, 40(4): 75-78.

ZHANG (H /X)G, MU X H. Evaluation of Optocoupler
Storage Life of Terminal Guided Projectile Based on
Nonlinear Wiener Process[J]. Journal of Ordnance
Equipment Engineering, 2019, 40(4): 75-78.

bt MATLAB Seit o475 0 40 DZE G134 [M].
2 . deat: JERTES IR RS R, 2015.

XIE Z H. Statistical Analysis and Application of
MATLAB: Analysis of 40 Cases[M]. 2nd ed. Beijing:
Beijing University of Aeronautics & Astronautics Press,
2015.

PR, BETT, MR, % MEMS BitEgsm £5
KRB R EHLIRR 5T [T]. AL SRS, 2017,
36(3): 1-5.

CHENJ G GU Z Y, HE C H, et al. Study of Main Failure
Modes and Failure Mechanisms of MEMS Inertial De-
vices[J]. Transducer and Microsystem Technologies,
2017, 36(3): 1-5.

KRk, TR, PEBMUPERESHGRAE SIPE]. S
¥, 2010, 9(2): 33-35.

ZHANG S X, HE K P. The Performance Parameters and
Selection on Gyroscope Characterization[J]. Navigation
and Control, 2010, 9(2): 33-35.



