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Abstract

Abstract: Aiming at the demands of equipment precision maintenance, based on the previous research
results of equipment parallel simulation, the algorithm of equipment remaining useful life (RUL)prediction
is optimized and a parallel simulation system for equipment precision maintenance with cloud-edge-end
architecture is designed. At the equipment end, the system collects equipment status data and
preprocesses it with edge devices. At the cloud end, based on simulation model, in parallel with the
equipment entity, the system dynamically predicts the RUL of equipment. The prediction results are
applied to the formulation and deduction of equipment maintenance plans to support the equipment
precision maintenance.
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results of equipment parallel simulation, the algorithm of equipment remaining useful life (RUL)
prediction is optimized and a parallel simulation system for equipment precision maintenance with
cloud-edge-end architecture is designed. At the equipment end, the system collects equipment status data
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Fig. 1 Working process of parallel simulation for equipment maintenance
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Fig. 7 Logic structure of equipment simulation system
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Fig. 9 Online evolution diagram of some parameters of degradation model

http: // www.china-simulation.com

* 1917 »

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 9, Art. 1

5 34 B8 9 1] ARG AR Vol. 34 No. 9
2022 49 Journal of System Simulation Sep. 2022

T 2 73 i TS SR FH 20 25 T8 A 1R R A B 06S 28 25 )R AR A b AT U0, P &5 SR an B 10 Bl
M 10 RTRLA H: B S0 I 5] (03RS, AR A 5 i M P8 PR HOBORGBR AR B, T R A5 A R N0 ) 45 R
KA A 5E

i BhAEAE T R Gl M 2% B ORI R A7 i TINS5 2R, B s b S PR S HRNTAL, ST L8 TR PR A
M, PRRIRZ BARHEERNE, RGBT %, FFT 4T B L TRGBEIMKM S, M
BRI E &, JE ICA IR R H AR . BUUH S T RGUE YR E T = .

Tl A 75 i R4 FEE R

K10 FR0 A 7 i ML =3 o R 050 S S A ot &5
Fig. 10 Probability density function and expected value for RUL prediction

5 ZWiE

A SCAEFTHISR T1AT 07 H B R SEWT Fu st b, 0 VAT E R G TARRAE, it VR TIRES
2 (AR AR 3R A A i PP AT O LB, W T — R “ -l B R AR T AR A2 T AT U K AR 4
FFHEAT T SRISKRAIE, AT R RGN TRESKBR M S, R MR 4RI SC B PR I S0 % . A0
“mil- T B R AR TS AT T R R G M T IERAT TP IR, R T RGRELE w At
PR A R AT SEESE R, B SR AT AR AW T

S Wk

[1] Martz H F, Waller R A. A Bayesian Zero-failure (BAZE) Reliability Demonstration Testing Procedure[J]. Journal of Quality
Technology (S0022-4065), 1979, 11(3): 128-138.

(2] &R, JoRAEAE TSt S B R G AL THI]. HeE B 5 N, 2000(3): 36-44.

Han Ming. The Synthesize Estimation of Reliability Parameter of Zero-failure Data[J]. Mathematical Theory and Application,
2000(3): 36-44.

B3] k&%, Wk, BIEE. RTSHORHEHRNBIES A a BID]. RE07ER, 2013, 25(5): 1036-1040.

Zhang Huihui, Zhang Wei, Hu Changhua. Inertia Device Lifetime Prediction Based on REM Method[J]. Journal of System
Simulation, 2013, 25(5): 1036-1040.

(4] sk#ide, fTRRN, ZAZE. 5 CPSO-RVM (4 R AR A7 ay TN Tk D). R G007 L4k, 2018, 30(5): 1935-1940.
Zhang Chaolong, He Yigang, Yuan Lifen. Approach for Lithium-ion Battery RUL Prognostics Based on CPSO-RVM[J].
Journal of System Simulation, 2018, 30(5): 1935-1940.

(51 FLEZA, sREM, BbkTr, & — i JORRIR 75 ar PRE TTADT]. HUE 2R, 2010, 22(3): 21-25.

Kong Guojie, Zhang Peilin, Qian Linfang, et al. A New Evaluation Method for Residual Life of Gun[J]. Journal of Ballistics,
2010, 22(3): 21-25.

[6] EAM, Wik, BER. e 2 UG B R4E90d FE AR AL ™ M T SEEIEAR(T]. HLT-224R, 2012, 40(5): 977-982.
Wang Xiaolin, Guo Bo, Cheng Zhijun. Reliability Assessment of Products with Wiener Process Degradation by Fusing
Multiple Information[J]. Acta Electronica Sinica, 2012, 40(5): 977-982.

http: // www.china-simulation.com

* 1918 «
https://dc-china-simulation.researchcommons.org/journal/vol34/iss9/1
DOI: 10.16182/j.issn1004731x.joss.22-0220



Di et al.: Parallel Simulation System of Equipment Precision Maintenance Bas

H3MBEIM Vol. 34 No. 9
2022 4£ 9 A W EnR, & mAumPERPESKBRAEE T ERSR Sep. 2022

[7] k&ML ZUE LR Bayes MUGHEEESE L] EPRHL AT EHR, 2001, 23(3): 93-97.

Zhang Jinhuai. Accuracy Detection Method Using Bayesian Multi-sensor Data Fusion Technique[J]. Journal of National
University of Defense Technology, 2001, 23(3): 93-97.

(8] E/KZE, KiLh, KEZug, & &P BIIRHELHT T[], F54% S22, 2017, 3(1): 48-56.

Ge Chenglong, Zhu Yuanchang, Di Yangiang, et al. Theoretical Framework for Equipment Parallel Simulation[J]. Journal of
Command and Control, 2017, 3(1): 48-56.

[9] Darema F. Dynamic Data Driven Application Systems[EB/OL]. [2021-03-02]. http://www.cise.nsf.gov/dddas.

[10] Aydt H, Turner S J, Cai W T, et al. Research Issues in Symbiotic Simulation[C]// 2009 Winter Simulation Conference, WSC
2009. Austin, TX, USA: IEEE, 2009: 1213-1222.

[11] EKER. $84% 5.0: “PATH AR ReiBIE SEGMA R[], f81F 5524k, 2015, 1(1): 107-120.

Wang Feiyue. CC 5.0: Intelligent Command and Control Systems in the Parallel Age[J]. Journal of Command and Control,
2015, 1(1): 107-120.

[12] Wang F Y. Parallel Control and Management for Intelligent Transportation Systems: Concepts, Architectures, and
Applications[J]. IEEE Transactions on Intelligent Transportation Systems (S1524-9050), 2010, 11(3): 630-638.

[13] B, DRWERN, EI7R-F. B RALH AT SR TEA]. RETH AR, 2017, 29(9): 2064-2072.

Chen Bin, Qiu Xiaogang, Wang Yiping. Intelligent ACP Based Experimental Approach[J]. Journal of System Simulation,
2017, 29(9): 2064-2072.

[14] £ KER, Bk, #REXOW, 5. FT-PAT RGERH AT ZRMIT]. $a45 5123, 2016, 2(1): 71-77.

Wang Feiyue, Yang Jian, Han Shuangshuang, et al. The Framework of Parallel Network Based on the Parallel System
Theory[J]. Journal of Command and Control, 2016, 2(1): 71-77.

[15] &&ZE, Kond, BBE, &5 R&-PAT0 HAORFEEG ). 2% LR SR THR, 2017, 39(5): 1169-1177.

Ge Chenglong, Zhu Yuanchang, Di Yanqiang, et al. Basic Theoretical Issues of Equipment Parallel Simulation Technology[J].
Systems Engineering and Electronics, 2017, 39(5): 1169-1177.

[16] B, T, EE, & MATEERE SR AT ERAT A, S5 EH1224R, 2016, 2(4): 315-321.

Mao Shaojie, Zhou Fang, Chu Wei, et al. Parallel Simulation Systems for Command and Decision Support[J]. Journal of
Command and Control, 2016, 2(4): 315-321.

(17] &%, Kouh, ME, & REMWMYEE- T 0 B RSB BRI, BB TR, 2016, 44(6): 162-168.

Ge Chenglong, Zhu Yuanchang, Di Yanqiang, et al. Parallel Simulation System and Essential Technology for Equipment
Precision Maintenance[J]. Modern Defence Technology, 2016, 44(6): 162-168.

(18] &57&2E, KouE, RREE0E, 55 M2 & RUL TN K-TAT 07 HEZR[]. R EE07 I #4), 2018, 30(6): 2216-2224.

Ge Chenglong, Zhu Yuanchang, Di Yangiang, et al. Equipment RUL Prediction Oriented Parallel Simulation Framework[J].
Journal of System Simulation, 2018, 30(6): 2216-2224.

[19] &K, Koud, BEE, & K& AT B PR BHESEIT L[], K77 SR, 2018, 43(5): 72-77.

Ge Chenglong, Zhu Yuanchang, Di Yanqiang, et al. Research on Evolution Modeling Framework for Equipment Parallel
Simulation[J]. Fire Control & Command Control, 2018, 43(5): 72-77.

[20] B57KZE, Koo B, KBEHR. %4 RUL TGP PAT 0 BHEARD]. JERHS MR K554, 2018, 44(4): 725-736.

Ge Chenglong, Zhu Yuanchang, Di Yanqgiang. Equipment RUL Prediction Oriented Parallel Simulation Technology[J].
Journal of Beijing University of Aeronautics and Astronautics, 2018, 44(4): 725-736.

[21] Ge Chenglong, Zhu Yuanchang, Di Yanqgiang. Hybrid Degradation Equipment Remaining Useful Life Prediction Oriented Parallel
Simulation Considering Model Soft Switch[J]. Computational Intelligence and Neuroscience (S1687-5265), 2019, 3: 9179870.

[22] B7K2E, RouE, BBEZ5k, 5. AR B AT 05 PR RS TR ]. ERTRHR #2741, 2019, 41(4): 118-127.
Ge Chenglong, Zhu Yuanchang, Di Yangiang, et al. Model Dynamic Evolution Method of Parallel Simulation for Equipment
Remaining Useful Life Prediction[J]. Journal of National University of Defense Technology, 2019, 41(4): 118-127.

[23] B&2ZE, Kouh, R, 45 T —RRAERNEE S RUL TNESPAT 01 AR ], JERTEE TRF254K, 2019, 39(4): 399-405.
Ge Chenglong, Zhu Yuanchang, Di Yanqgiang, et al. RUL Prediction Oriented Parallel Simulation Technology for Hybrid
Degradation Equipment[J]. Transactions of Beijing Institute of Technology, 2019, 39(4): 399-405.

[24] Si X S, Wang W B, Hu C H, et al. Remaining Useful Life Estimation Based on a Nonlinear Diffusion Degradation Process[J].
IEEE Transactions on Reliability (S0018-9529), 2012, 61(1): 50-67.

http: // www.china-simulation.com

* 1919 -

Published by Journal of System Simulation, 2022 11



	Parallel Simulation System of Equipment Precision Maintenance Based on Cloud-Edge-End Architecture
	Parallel Simulation System of Equipment Precision Maintenance Based on Cloud-Edge-End Architecture
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/XRDY4IKhn0/tmp.1688100843.pdf.f27KV

