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Abstract

Human life and the economy of a country are becoming more and more dependent on electricity.
However, events that occur due to various factors in the power grids, affect the quality of electrical
energy delivered to subscribers. The human error of maintenance teams is one of the most important
causes of automatic outputs of electrical equipment. Human error, in addition to the economic
consequences of not transiting electrical energy due to equipment outages, may also cause health
damage to personnel. The purpose of this study is to propose a method for analyzing the human
reliability of maintenance teams in power transmission grids, which has been implemented as a case
study on power transmission grids teams in Fars. The first step is to identify the roots of human error.
So far, no comprehensive studies have been conducted on the root causes of human error in power
transmission grids. Therefore, in this article, the actual and potential roots of various aspects such as
organization, individual moods, supervision, etc. are identified and predicted in the framework of the
method of human factors analysis and classification system. Then, a method is proposed to estimate
the probability of the root event to use its results to prioritize the necessary control and corrective
measures to reduce human error.
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Figure (1): The automatic outage of equipment in the five-year period from 2013 to 2017
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Figure (2): MTTR of equipment in the five-year period 2013-2017
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Figure (3): Maintenance structure in the power transmission industry
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Figure (4): Pattern of steps to identify, prioritize and reduce the roots of human error.
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Table 2: The roots of human error at the level of preconditions for unsafe actions
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Table (3): The roots of human error at the level of unsafe supervision
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Table (4): The roots of human error at the level of organizational influences
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Table (5): Four scoring criteria for experts
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Table (6) Summarizes the probability of the impact of the roots leading to human error according to expert views in the framework of the
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Table (7): Summarize the opinions of experts about 60 basic errors in 5 categories of probability
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Table (8): Basic causes with "probable” probability between executive groups
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Figure (5): Estimation range of the occurrence of roots by a group of 30 maintenance experts
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Table (9): Proposed solutions to reduce human error by estimating their impact

756 Ol ,5e,
b L g 4SS ol il 4y ol il (ggine L )
ok ks Bsh> )0 (590,40 (po,5 8L
3k > Ll oo a5 oy b))
ol 59 0553l sl Ui 18 )13 by 50 S ded g 090 00y 4 diilen 3ygld
sb; Sy Jrw Sogs
sL; g g Syl b Cend S
o a,l5 5 b cond Wiy, ol Oglais
Lugio O o 50 olpen (5 09Xl pue

L ‘>|)'é‘ SR Lﬁj ‘:"‘)'tjb S ANt JL‘L‘“ S “:“)-“’-U.. 5 9 6)“)‘9;3 o <53L‘“’.‘ k5ua>. 6"‘”4*:*?.) «_s‘l'“’l"““ 4 e C)i‘
rhw o ans ) fe cass a8 0 alllas (pl 0 05l o Sludl (g9, 3 iU Gl S5 Sols> Sl ial58l 4 aso5
5 0leas )T guipend g olobis Sbojle u‘),..sl.u 5 ol ool el Jloel (6l sl i ion ccpaull Jlosl (glas
u;l_la:} 39— 0 ‘_gol.l)’ u..m (5‘)“) ode F oo ‘ssL..»LH» A.ul; ode £ U"")‘ ‘_g)L.\.e‘fj 9 oS ‘_gl).?‘ ‘_ngoB)f )l (f“‘“’)‘b"
5 LS e 5l ais )3 lis Jiwp (Kiad 5 Olya5 09065 ¢ 398> miamms 0ol Cawdds gl Gub 4 eboas i ls Sl
S9py ey (nl Sl 5 325 ok 22l oy 55, (55, 2 IS8 3l e 5 ol 5l caslio col il pae

(AY)



FA-AY N T el /s g Joz oyleds [003190 Jlu /3 G 40 Jiadigd sl g, 4 il

=16 A 00 i I mle ogas 4 glojle DI 3U glas mhaw gladiy ;) oS oo oo las Jiw y o, Slas
S92 Y I 50 L Jy iy Some Jole S ploe @ o o (nl sloats) s e 4l plulit) IS s,

References

&=y

[1] H.H. Alhelou, M.E. Hamedani-Golshan, T.C. Njenda, P. Siano, “A survey on power system blackout and
cascading events: Research motivations and challenges”, Energies, vol. 12, no. 4, pp. 682, 2019 (doi: /10.33-
90/en12040682).

[2] M. Prasad, AJ. Gaikwad, “Human error probability estimation by coupling simulator data and deterministic
analysis”, Progress in Nuclear Energy, vol. 8, pp. 22-29, May 2015 (doi: 10.1016/j.pnucene.2015.01.008).

[3] O.P. Veloza, F. Santamaria, “Analysis of major blackouts from 2003 to 2015: Classification of incidents and
review of main causes”, The Electricity Journal, vol. 29, no. 7, pp. 42-49, Sept. 2016 (doi: 10.1016/j.tej.20-
16.08.006).

[4] Z. Wang, M. Rahnamay-Naeini, J.M. Abreu, R.A. Shuvro, P. Das, A.A. Mammoli, N. Ghani, M.M. Hayat,
“Impacts of operators’ behavior on reliability of power grids during cascading failures”, IEEE Trans. on
Power Systems, vol. 33, no. 6, pp. 6013-6024, Nov. 2018 (doi: 10.1109/TPWRS.2018.2825348).

[5] Y. Bao, J. Guo, J. Tang, Z. Li, S. Pang, C. Guo, “Analysis of power system operation reliability incorporati-
ng human errors”, Proceeding of the IEEE/ICEMS, pp. 1052-1056, Hangzhou, China, Oct. 2014 (doi: 10.11-
09/ICEMS.2014.7013625).

[6] J. Tang, Y. Bao, L. Wang, H. Lu, Y. Wang, C. Guo, J. Liu, B. Zhou, “A Bayesian network approach for
human reliability analysis of power system”, Proceeding of the IEEE/APPEEC, pp. 1-6, Kowloon, China,
Dec. 2013 (doi: 10.1109/APPEEC.2013.6837128).

[7] R. Peach, H. Ellisl, J.K. Visserl, “A maintenance performance measurement framework that includes
maintenance human factors: a case study from the electricity transmission industry”, South African Journal
of Industrial Engineering, vol. 27, no. 2, pp. 177-189, Aug. 2016 (doi: 10.7166/27-2-1492).

[8] H. Silva-Santos, T. Araljo-dos-Santos, A.S. Alves, M.N. Silva, H.O.G. Costa, C.M.M. Melo, “Error-
producing conditions in nursing staff work”, Rev Bras Enferm., vol. 71, no. 4, pp. 1858-1864, Jul-Aug. 2018
(doi:10.1590/0034-7167-2017-0192).

[9] H. Akbari, M. Motalebi-Kashani, Z. Asadi, M. Kaveh, H. Saberi , “The relationship between job satisfaction
and the incidence of unsafe acts in metal smelting industry workers in 2017, International Archives of
Health Sciences, vol. 6, no. 3, pp. 127-13, Jan. 2019 (doi: 10.4103/iahs.iahs_40_19).

[10] B. Song, Z. Wang, Y. Lu, X. Teng, X.Chen, Y. Zhou, H. Ye, S. Fu, “A multidimensional workload
assessment method for power grid dispatcher”, Proceeding of the EPCE, pp: 55-68, Las Vegas, USA, July
2018 (doi: 10.1007/978-3-319-91122-9_5).

[11] Y. Bao, C. Guo, J. Zhang, J. Wu, S. Pang, Z. Zhang, “Impact analysis of human factors on power system
operation reliability”, Modern Power Systems and Clean Energy, vol. 6, no. 1, pp. 27-39, Jan. 2018 (doi:
10.1007/s40565-016-0231-6).

[12] L. Peng-cheng, C. Guo-hua, D. Li-cao, Z. Li, “A fuzzy Bayesian network approach to improve the
quantification of organizational influences in HRA frameworks”, Safety Science, vol. 50, no. 7, pp. 1569-
1583, Aug. 2012 (doi: 10.1016/j.s5ci.2012.03.017).

[13] X. Pan, Y. Lin, C. He, “A review of cognitive models in human reliability analysis”, Quality and Reliability
Engineering International, vol. 33, no. 7, pp. 1299-1316, Nov. 2017 (doi: 10.1002/qre.2111).

[14] “Fars power transmission network events analysis report-2018”, FREC Annual Report, 2018 (in Persian).

[15]V.N. Aju kumar, M.S. Gandhib, O.P. Gandhic, “Identification and assessment of factors influencing human
reliability in maintenance using fuzzy cognitive maps”, Quality and Reliability Engineering International,
vol. 31, no. 2, pp. 169-181, Mar. 2015 (doi: 10.1002/gre.1569).

[16] V.N. Aju kumar, O.P. Gandhi, “Quantification of human error in maintenance using graph theory and
matrix approach”, Quality and Reliability Engineering International, vol. 27, no. 8, pp. 1145-1172, Dec.
2011 (doi: 10.1002/qgre.1202).

[17]1P.M. Salmon, M. Cornelissen, M.J. Trotter, “Systems-based accident analysis methods: A comparison of
Accimap, HFACS and STAMP”, Safety Science, vol. 50, no. 4, pp. 1158-1170, Apr. 2012 (doi: 10.1016/j.-
s5€i.2011.11.009).

[18] M.T. Baysari, C. Caponecchia, A.S. Mclntosh, J.R. Wilson, “Classification of errors contributing to rail
incidents and accidents: A comparison of two human error identification techniques”, Safety Science, vol.
47,n0. 7, pp. 948-957, Aug. 2009 (doi: 10.1016/j.ssci.2008.09.012).

(AY)


https://doi.org/10.3390/en12040682
https://doi.org/10.3390/en12040682
https://doi.org/10.1016/j.pnucene.2015.01.008
https://doi.org/10.1016/j.tej.2016.08.006
https://doi.org/10.1016/j.tej.2016.08.006
https://ieeexplore.ieee.org/author/37086219154
https://ieeexplore.ieee.org/author/37086004363
https://ieeexplore.ieee.org/author/38235009500
https://ieeexplore.ieee.org/author/37276198300
https://ieeexplore.ieee.org/author/37270637200
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://doi.org/10.1109/TPWRS.2018.2825348
https://ieeexplore.ieee.org/author/37085376328
https://ieeexplore.ieee.org/author/37085378000
https://ieeexplore.ieee.org/author/37085385004
https://ieeexplore.ieee.org/author/37085374641
https://ieeexplore.ieee.org/author/37085388112
https://ieeexplore.ieee.org/author/37085374225
https://doi.org/10.1109/ICEMS.2014.7013625
https://doi.org/10.1109/ICEMS.2014.7013625
https://ieeexplore.ieee.org/author/37085543757
https://ieeexplore.ieee.org/author/37272011800
https://ieeexplore.ieee.org/author/37086742874
https://ieeexplore.ieee.org/author/37086745007
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.7166%2F27-2-1492?_sg%5B0%5D=iCVwbFi6q6IhaBSjr1-uuKVUc64254XTYdvuK208uHnKIAXd1p7pqFhRue8mFttLRmTiB13Il0ac3FB6LDWjXvo9kw.1AaCm9XmxDb3ZQHfAOg8DtbSbM6HEz0yqaF_Le-fYiu8xM-wXKxlqkUDgBDPOiNODbsBiBOS3AtM9cvC7P7I5w
https://pubmed.ncbi.nlm.nih.gov/?term=Silva+MND&cauthor_id=30156670
https://pubmed.ncbi.nlm.nih.gov/?term=Costa+HOG&cauthor_id=30156670
https://pubmed.ncbi.nlm.nih.gov/?term=Melo+CMM&cauthor_id=30156670
https://www.researchgate.net/scientific-contributions/Mahdieh-Kaveh-2161729557
https://www.researchgate.net/scientific-contributions/Hamidreza-Saberi-2073677258
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4103%2Fiahs.iahs_40_19?_sg%5B0%5D=XnHqSpPpZqkYeZLz8MTeI72F2zzgDCXauYvBEvtFb1hG8vVVNL4F3iMrg6YbEe1bSC_i-gnPxVtFFvnxJJxpBy2icA.Y0bYopXb10aBjidcRgsIK4UOngkC6jkxpyqQH9o8q5WJ8jh_RC_QTrvRMMSthW8sUPevLu7kOBjVfQ1uG3JRGA
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/40565
https://www.sciencedirect.com/science/article/pii/S0925753512000811#!
https://doi.org/10.1016/j.ssci.2012.03.017
https://doi.org/10.1002/qre.2111
https://doi.org/10.1002/qre.1569
https://doi.org/10.1002/qre.1202
https://www.sciencedirect.com/science/article/abs/pii/S0925753511002992#!
https://doi.org/10.1016/j.ssci.2011.11.009
https://doi.org/10.1016/j.ssci.2011.11.009
https://www.sciencedirect.com/science/article/abs/pii/S0925753508001689#!
https://www.sciencedirect.com/science/article/abs/pii/S0925753508001689#!
https://doi.org/10.1016/j.ssci.2008.09.012

8 e — IS g fon 3] Sl e ol 33l

[19]AY. Daramola, “An investigation of air accidents in Nigeria using the Human Factor Analysis and
Classification System framework”, Journal of Air Transport Management, vol. 35, pp. 39-50, Mar. 2014
(doi: 10.1016/j.jairtraman.2013.11.004).

[20] T. Diller, G. Helmrich, S. Dunning, S. Cox, A. Buchanan, S. Shappell, “The Human Factors Analysis
Classification System (HFACS) applied to health care”, Am J Med Qual., vol. 29, no. 3, pp. 181-190, May-
June 2014 (doi: 10.1177/1062860613491623).

[21] S.A. Shappell, D.A. Wiegmann, “Applying reason: the human factors analysis and classification system
(HFACS)”, Human Factors and Aerospace Safety, vol. 1, no. 1, pp. 59-86, Jan. 2001.

[22] S.W.A. Dekker, “Reconstructing human contributions to accidents: the new view on error and perform-
ance”, Safety Research, vol. 33, no. 3, pp. 371-385, Oct. 2002 (doi: 10.1016/S0022-4375(02)00032-4).
[23]A. Boquet, C. Detwiler, S. Shappell, “A human factors analysis of U.S. emergency medical transport

accidents”, Air medical journal, vol. 23, no. 5 pp. 34-44, Sept. 2004 (doi: 10.1016/j.amj.2004.08.014).

[24] G. Grigoras, C. Barbulescu, “Human errors monitoring in electrical transmission networks based on a
partitioning algorithm”, Electrical Power & Energy Systems, vol. 49, pp. 128-136, Jul. 2013 (doi: 10.101-
6/j.ijepes.2012.12.016).

[25]V.R. Renjith, G. Madhu, V.L.G. Nayagam, A.B. Bhasi, “Two-dimensional fuzzy fault tree analysis for
chlorine release from a chlor-alkali industry using expert elicitation”, Journal of Hazardous Materials, vol.
183, no. 1-3, pp. 103-110, Nov. 2010 (d0i:10.1016/j.jhazmat.2010.06.116).

Low i)

1. Mean time to repair

2. Human factors analysis and classification system
3. Technique for human error assessment

4. Predictive human error analysis

5. Hazard and operability analysis

6. System theoretic accident model and processes

(A%)


https://www.sciencedirect.com/science/journal/09696997
https://doi.org/10.1016/j.jairtraman.2013.11.004
https://pubmed.ncbi.nlm.nih.gov/?term=Dunning+S&cauthor_id=23814026
https://pubmed.ncbi.nlm.nih.gov/?term=Cox+S&cauthor_id=23814026
https://pubmed.ncbi.nlm.nih.gov/?term=Buchanan+A&cauthor_id=23814026
https://pubmed.ncbi.nlm.nih.gov/?term=Shappell+S&cauthor_id=23814026
https://doi.org/10.1177/1062860613491623
https://www.sciencedirect.com/science/journal/00224375
https://doi.org/10.1016/S0022-4375(02)00032-4
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.amj.2004.08.014?_sg%5B0%5D=J1ZYIaKdBdKByAmpG5FzHAZ-s0RkNVdtVmv1Ll7Zn6WjUUnv5mN7uiPpjVo10gg1Smzarn9HQGg_rU10_1TIZemK0A.KZLH98JfmLys3xoYOUXORBa9jTOuTPN8FNUd2kXd-xMbGC1OcFfLY7tM3jfE6TYMP1NlJ_1pljOEAyx4HeSG3Q
https://www.sciencedirect.com/science/journal/01420615
https://doi.org/10.1016/j.ijepes.2012.12.016
https://doi.org/10.1016/j.ijepes.2012.12.016
https://www.sciencedirect.com/science/article/abs/pii/S0304389410008691#!
https://www.sciencedirect.com/science/article/abs/pii/S0304389410008691#!
https://www.sciencedirect.com/science/journal/03043894
https://doi.org/10.1016/j.jhazmat.2010.06.116

