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ABSTRACT

ARTICLE INFO

The failure modes of products gradually show a diversified trend with the pre-
cision and complexity of the product structure. The combination of fault tree
analysis and generalized grey relational analysis is widely used in the fault di-
agnosis of complex systems. In this study, we utilize a method that combines
fault tree analysis and generalized grey relational analysis. This method is ap-
plied to diagnose the Expansion Adhesive Debonding fault of automobile doors.
Then, we analyse and compare the differences in actual fault diagnosis results.
The comparison involves three analysis methods: Fault Tree Analysis com-
bined with Absolute Grey Relation Analysis (F-AGRA), Fault Tree Analysis com-
bined with Relative Grey Relation Analysis (F-RGRA), and Fault Tree Analysis
combined with Comprehensive Grey Relation Analysis (F-CGRA). Subse-
quently, we compare the findings with actual production results. This compar-
ison allows us to discuss the differences between the three methods in the fault
diagnosis of complex systems. We also discuss the application occasions of
these methods. This study will provide a new method for fault analysis and
fault diagnosis in the actual production of the automobile manufacturing in-
dustry. This method can eliminate faults effectively and accurately and im-
prove product quality and productivity.

Keywords:

Fault tree analysis (FTA);
Generalized Grey Relation Analysis
(GGRA);

Failure mode;

Fault diagnosis;

Complex system;

Fault Tree Analysis

combined with Absolute Grey
Relation Analysis (F-AGRA);

Fault Tree Analysis

combined with Relative Grey
Relation Analysis (F-RGRA);

Fault Tree Analysis combined with
Comprehensive Grey Relation
Analysis (C-GRA)

*Corresponding author:
577345879@qq.com
(Lu, Z.C)

Article history:

Received 5 November 2023
Revised 19 December 2023
Accepted 21 December 2023

Content from this work may be used under the terms of
the Creative Commons Attribution 4.0 International Li-
cence (CC BY 4.0). Any further distribution of this work
must maintain attribution to the author(s) and the title of
the work, journal citation and DOI.

References

[1] Ortmeier, F., Schellhorn, G. (2007). Formal fault tree analysis - Practical experiences, Electronic Notes in Theoret-

ical Computer Science, Vol. 185, 139-151, doi: 10.1016/j.entcs.2007.05.034.

[2] Ren, L.H, Hao, L.Q., Lin, L., Wang, H. (2019). Qualitative analysis of thermal disasters of belt conveyor based on

fault tree method, Chinese Journal of Grain and 0il, Vol. 34, No. S2, 25-28.

[3] Arcidiacono, G. (2003). Development of a FTA versus parts count method model: Comparative FTA, Quality and
Reliability Engineering International, Vol. 19, No. 5, 411-424, doi: 10.1002/qre.537.



https://doi.org/10.1016/j.entcs.2007.05.034
https://doi.org./10.1002/qre.537

[5]

(6]

(8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[21]

[22]

[23]

[24]

[25]

Wang, X., Deng, ]., Xiong, ], Xiao, Q., Chu, B,, Liu, J. (2020). Construction and application of ICU sedative and anal-
gesic management strategy based on Fault Tree Theory and eCASH (early comfort using analgesia, minimal seda-
tives and maximal humane care) concept, Journal of Nursing, Vol 35, No. 4, 39-43, doi: 10.3870/].issn.1001-
4152.2020.04.039.

Yazdi, M., Zarei, E. (2018). Uncertainty handling in the safety risk analysis: An integrated approach based on fuzzy
fault tree analysis, Journal of Failure Analysis and Prevention, Vol. 18, No. 2, 392-404, doi: 10.1007/s11668-018-
0421-9.

Liy, ].Y, Leng, ].Q., Shang, P, Luo, L.J. (2022). Analysis of factors affecting the severity of highway accidents under
ice and snow roads, Journal of Harbin Institute of Technology, Vol. 54, No. 3, 57-64.

Zhang, L.G., Liy, S.M,, Li, K.F, Xu, ]., Wang, S.N,, Li, Q., Mei, Y.Y,, Li, C.H., Yang, B. (2021). Prediction of shield construc-
tion risks in subway tunnelling based on fault tree and Bayesian network, Modern Tunnel technology, Vol. 58, No.
5,21-29+55, doi: 10.13807/j.cnki.mtt. 2021.05.003.

Luo, C.K,, Chen, YX, He, Z, Li, Y,, Zhang, Y.M. (2021). Evaluation method for contribution rate of aviation equipment
architecture based on fault tree analysis, Journal of National University of Defense Technology, Vol. 43, No. 1, 155-
162,doi: 10.11887/j.cn.202101020.

Liu, J.F, Lj, Y.L, Ma, X.M,, Wang, L., Li, ].L. (2021). Fault tree analysis using Bayesian optimization: A reliable and
effective fault diagnosis approaches, Journal of Failure Analysis and Prevention, Vol. 21, 619-630, doi: 10.1007/
S11668-020-01096-1.

Shanks, K., Hamad, A., Ameer, A. (2020). Failure modes effects and criticality analysis and fault tree analysis case
study of waste heat recovery plant in a cement factory, United Arab Emirates, Journal of Failure Analysis and Pre-
vention, Vol. 20, 40-50, doi: 10.1007/s11668-020-00827-8.

Lin, EF, Huang, X., Huang, X.X. (2021). Quality evaluation of tinosporae radix from different producing areas by
grey correlation analysis, China Pharmacist, Vol. 24, No. 10, 1942-1945, doi: 10.19962 /j.cnki.issn1008-049X.2021.
10.035.

Dong, X.J.,, Chen, YW, Li, M., Zhang, Y.X. (2013). A spacecraft launch organizational reliability model based on CSF,
Quality and Reliability Engineering International, Vol. 29, No. 7, 1042-1054, doi: 10.1002/gre.1455.

Liu, S.F, Xie, N.M. (2014). Grey system theory and its application, 4th Edition, China Science Press, Beijing, China, 66-
83.

Pang, J.H.,, Dai, ].K,, Zhou, H.Y,, Li, Y. (2022). A new fault diagnosis method for quality control of electromagnet based
on T-S fault tree and grey relation, International Journal of Reliability, Quality and Safety Engineering, Vol. 29, No.
4, Article No. 2141006, doi: 10.1142/S0218539321410060.

Tien, D.H., Van Bong, P, Hung, L.T. (2022). Applying improved fuzzy grey relation analysis algorithm in multi ob-
jective optimization for high-speed milling of 4Cr5MoSiV steel, Process Integration and Optimization for Sustaina-
bility, Vol. 6, No. 3, 587-601, doi: 10.1007/S41660-022-00238-2.

Wang, S.B., Li, C.W,, Sun, X.G. (2013). Search method for wind turbine gearbox failures based on grey and fuzzy fault
tree analysis, Journal of Applied Sciences, Vol. 13, No. 6,901-906, doi: 10.3923/jas.2013.901.906.

Wang, PS. (2010). The application of grey relational fault tree analysis in mine hoist overrelaxation accident, Ap-
plied Mechanics and Materials, Vol. 33, 185-189, doi: 10.4028 /www.scientific.net/AMM.33.185.

Zhang, G.J., Ye, Y.Q, Cui, TJ., Ma, Y.D., Wang, L.G. (2015). Fault mode analysis of tramcar falling by improving the
generalized grey relational fault tree analysis, Mathematical Practice and Understanding, Vol. 45, No. 23, 169-178.
Chen, X, Gong, B.G,, Jiang, P. (2019). Reliability diagnosis of LSSC for hazardous chemicals based on improved gen-
eralized grey correlation fault tree analysis, China Science and Technology of Work Safety, Vol. 15, No. 7, 149-155.
Wang, P--S. (2012). Analysis of mine shaft falling car accident based on fault tree analysis, Coal Mine Machinery, Vol.
33, No. 7,203-204, doi: 10.13436/j.mkjx.2012.07.066.

Yang, H.L., Huang, G.M. (2019). Fracture analysis of release piston based on the minimum cut set of fault tree anal-
ysis, Naval Science and Technology, Vol. 41, No. 1, 133-137.

Li, JW, Qiao, .G, Fu, X,, Liu, X.-L. (2019). Failure analysis of anti-floating bolt system based on fuzzy fault tree
analysis, Journal of Safety and Environment, Vol. 19, No. 4, 1128-1134, doi: 10.13637/j.issn.1009-6094.2019.04.
004.

Yu, L., Liu, Y.Z., Guo, X.H., Luo, X., Wang, M., He, ]. (2022). Distance analysis of railway tunnel emergency rescue
stations based on fault tree analysis method, Railway Standard Design, Vol. 66, No. 2, 111-116, doi: 10.13238/
j.issn.1004-2954.202012070002.

Yang, C.F, Zhuang, C., Sun, J.S., Yan, X.C. (2018). Multifactor analysis of road traffic accidents, Chin. Journal of Chong-
qing Jiao Tong University (Natural Science Edition), Vol. 37, No. 4, 87-95.

Tian, X,, Li, L., Zhao, L. (2020). Carbon emission reduction path and effectiveness evaluation of hybrid power grid
based on GRA model, Mathematical Practice and Understanding, Vol. 50, No. 2, 130-140.



https://doi.org/10.3870/j.issn.1001-4152.2020.04.039
https://doi.org/10.3870/j.issn.1001-4152.2020.04.039
https://doi.org/10.1007/s11668-018-0421-9
https://doi.org/10.1007/s11668-018-0421-9
https://doi.org/10.13807/j.cnki.mtt.2021.05.003
https://doi.org/10.11887/j.cn.202101020
https://doi.org/10.1007/S11668-020-01096-1
https://doi.org/10.1007/S11668-020-01096-1
https://link.springer.com/journal/11668
https://link.springer.com/journal/11668
https://doi.org/10.1007/s11668-020-00827-8
https://doi.org/10.19962/j.cnki.issn1008-049X.2021.10.035
https://doi.org/10.19962/j.cnki.issn1008-049X.2021.10.035
https://doi.org/10.1002/qre.1455
https://doi.org/10.1142/S0218539321410060
https://doi.org/10.1007/S41660-022-00238-2
https://doi.org/10.3923/jas.2013.901.906
https://doi.org/10.4028/www.scientific.net/AMM.33.185
https://doi.org/10.13436/j.mkjx.2012.07.066
https://doi.org/10.13637/j.issn.1009-6094.2019.04.004
https://doi.org/10.13637/j.issn.1009-6094.2019.04.004
https://doi.org/10.13238/j.issn.1004-2954.202012070002
https://doi.org/10.13238/j.issn.1004-2954.202012070002

