EERRECE ARE: ! BOE % e B o R Vol.35 No. 11
20254F 11 H China  Safety Science Journal Nov. 2025

B 5| AR XAk, By, R AR BT SR I — U S T R T AL PR (1], P R AR, 2025,35(11) ¢
81-91.

5| A& LIU Jin’e, JIANG Ming, YUN Ke, et al. Safety evaluation of lifting machinery based on game theory-improved cloud model[ J].
China Safety Science Journal ,2025,35(11) :81-91.

ETHEZFRE—NEZRBENEENHZ N

X 24K mmaem, F B, 7 A aeoem, A saan,
FRR smoam, IR e un
(1 TZEMLEBIAAMB, BT L 710065;2 K% K% MR TESMAL ¥, kT TL 710064 ;
3 T A AR &R FH R, BT N 31002054 4 Ak A #F R 6 100029)

PEDES X952 SRS : A DOI:; 10. 16265/j. cnki. issn1003—3033. 2025. 11. 0420

RENE : PEFIPIRB NI NSRBI SR ( CASEI-RKT2024-37)

[# ZE] FAALARENRL2IFNFIRAAERR A E L R EHE LB F A, T 2019—

2023 S 95 mAE EYMEFEORAEWME, & A A K& AW IFRIFEAEE (4M) B b A 2 2 YR

ZATMIEARE R KA &M & S = (BWM) # € EWAE, I 5| NFeArAH x5 # R P (CRITIC)

TEHRTEARNEBRN, ETHEREERE EUAREHATHGEMN, PR EERE, TRBERE

TN EN TN ER, UL THEAEAR I AN AREEA3 SRR EN N LIEXNE,E

FAB# AL LRI ETINIRIE, EREAAREZERENMERG T EZHE, EX

IV AR#TELMER NEAXFEELARNL2ERE L2 AKT £ L EIMITL

it m  EXELZARPRENUERENREXRER AN TEE, BARE SAHRLITTH

KL otarrmE— 3L T A R EH L 2N oA Bk,

[X@iA)] #HEbAeMMN, =HA,;, "REVH, Z2IFM; TH&EFHEF(BWM); fHirf
K M5 R M (CRITIC)

Safety evaluation of lifting machinery based on

game theory-improved cloud model

LIU Jin‘e',JIANG Ming*, YUN Ke',XIE Xumeng’ ,LI Yongquan', WANG Bangiao’
(1 Xi’an Special Equipment Inspection Institute, Xi‘an Shaanxi 710065, China;
2 College of Geological Engineering and Geomatics, Chang’an University, Xi‘an Shaanxi 710064, China;
3 Zhejiang Academy of Special Equipment Science, Hangzhou Zhejiang 310020, China;
4 China Special Equipment Inspection & Research Institute, Beijing 100029, China)

Abstract To address the issues of an incomplete indicator system and oversimplified weight
determination in current lifting machinery safety evaluation, a safety evaluation indicator system for lifting
machinery was constructed based on Man,Machine , Milieu, Management(4M) factors theory and 95 lifting
machinery accident investigation reports from 2019 to 2023. The BWM was employed to determine
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subjective weights, while an CRITIC method was introduced to determine objective weights. By applying

game theory combination weighting, the subjective and objective weights were integrated to form composite

weights, thereby enabling the weighting and evaluation of the established indicator system. The results

reveal that human factors are the primary cause of lifting machinery accidents. During safety inspections of

operators, particular attention should be paid to their safety awareness and technical proficiency. In safety

inspections of lifting machinery, the effectiveness of safety protection devices and the structural integrity of

key components should be emphasized. The model outputs are highly consistent with key safety indicators

in the on-site inspection records, confirming the effectiveness of the proposed model in the safety

evaluation of lifting machinery.
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Fig.2 Safety evaluation model of lifting machinery
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Table 1 Weight and ranking of each indicator in BWM
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