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Research on Safety Evaluation Model of Coal Mine Electromechanical Systems Based on G1-FDEMATEL-Interval Approximation
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Abstract: In response to the complexity and ambiguity of safety evaluation for coal mine electromechanical systems, interval
approximation theory was introduced to improve the objectivity and reliability of evaluated results, and a comprehensive safety
evaluation model for coal mine electromechanical systems based on G1-FDEMATEL-interval approximation was established.
Firstly, according to the theory of accident causation intersection, 17 indicators were filtered from the four dimensions of
human, machine, management, and environment to construct an evaluation system. Secondly, the G1-FDEMATEL method
was coupled to obtain the comprehensive weights of indicators. Based on the principle of interval approximation, the interval
estimation method was used to determine the evaluation data of indicators. which compensated for the limitation of
discontinuous point estimation values and information missing in traditional models. By calculating the comprehensive distance,
the safety level of coal mine electromechanical systems was determined. Finally, taking 5 coal mines as examples, the G1-
FDEMATEL-interval approximation model was applied to analyze the safety status of the electromechanical systems. The
results show that the safety levels of the electromechanical systems in all five coal mines were relatively safe, consistent with
the expert conclusions. Compared with traditional VIKOR and TOPSIS models. it can effectively reflect the true safety status
of the electromechanical systems, verify the adaptability and scientificity of the models, and provide a theoretical support for
preventing and handling electrical system safety accidents.
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Table 2 Number of evaluation intervals for the

electromechanical system indicators of five coal mines

fHbr B K, 1l Ko W1l K il Ky 71l Ks
X1 (74~83) (82~91) (80~93) (78~84) (82~93)
X1 (79~88) (78~89)  (68~79) (77~82) (91~95)
X3 (78~84) (82~85) (65~73) (72~86) (93~96)
X1 (74~81) (77~85)  (83~93)  (79~84) (89~94)
Xo1  (82~93)  (82~91) (82~95) (84~93) (83~89)
Xo2 (77~83) (79~86) (83~89) (75~82) (84~95)
Xos  (82~88)  (84~93) (79~83) (79~88) (84~89)
Xo  (85~94)  (85~89) (73~88) (84~91) (87~93)
X3 (80~93)  (78~87) (82~92)  (87~90) (87~94)
Xs (76~84) (83~88) (85~94) (79~82) (85~93)
X3 (82~88)  (85~94) (92~96) (76~82) (85~92)
Xa (83~95)  (88~93) (75~83)  (84~90) (82~93)
X (78~83) (83~88) (82~92) (85~92) (88~94)
Xi2 (79~86) (75~82) (76~84) (82~89) (83~88)
X3 (74~89)  (82~93) (77~84) (73~88) (79~82)
X (82~91) (82~89) (73~86) (77~86) (82~91)
X5 (77~88)  (82~93) (79~81) (65~74) (81~89)
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Table 3 Initial weight of indexes

WIE EWE HREE R 2R

sbn HbRRE b RE mm PF
X1 0.183 6 X1 0.298 1 0.054 7 9
X2 0.225 7 0.041 4 15
X3 0.205 3 0.037 7 17
X1 0.270 9 0.049 7 12
""" X, 02626  Xu 03396 00892 2
X2 0.217 7 0.057 2 8
X3 0.261 3 0.068 6 5
Xy 0.181 4 0.047 6 14
""" X,  0.2387  Xs 02199 00525 10
X3 0.263 7 0.062 9 6
X3 0.316 6 0.075 6 3
X3 0.199 8 0.047 7 13
""" X, 03151  Xu 01223 00385 16
X 0.159 2 0.050 2 11
X3 0.191 1 0.060 2 7
X 0.229 3 0.072 3 4
X 0.298 1 0.093 9 1




110

gL B R S5 A

2025,45(9)

3.1.2 #i# DEMATEL AU 45 R
AR DEMATEL ¥ 3, 5 F DU dg ¥,
M & TS I 5 45 48 A5 2 (8] 52 Wi B2 B2, a7 90 U B

B WA . S5 R 1 Pbs B HUE S = A B0 RO
IO 3 N0 A 4 R R B A A iR A X (D B

(T 0 = A BERY 22 W0 R I figp 5 Ak L, 9 S 355 b £ 52

PA=1/
=4

pe=s

EZN

M) K 2 1 Wil B, O TF SRR A O EE . HR
WREAERWE L. K GL BRI ERES
B DEMATEL ¥ 5 09 45 b5 v o0 B2 AR 45 5 L
ETRFREE A BE IR R A REH #1745 6 HE
Jo L BTSSR U2 5. FRAR AU E HEP AR Bh 1
mE 4 piR.

F4 FEEXMWER
Table 4 Comprehensive impact matrix
T X X X Xuo X X Xz X Xa X X Xao X Xu X Xu X5
X1 0.053 0.104 0.029 0.083 0.029 0.030 0.110 0.085 0.084 0.086 0.109 0.103 0.035 0.037 0.048 0.045 0.058
X1z 0.079 0.037 0.023 0.054 0.022 0.023 0.079 0.056 0.073 0.075 0.079 0.074 0.028 0.029 0.037 0.035 0.044
X3 0.095 0.114 0.016 0.052 0.020 0.021 0.077 0.053 0.053 0.055 0.058 0.054 0.023 0.024 0.031 0.030 0.038
X1 0.071 0.086 0.018 0.026 0.019 0.019 0.072 0.049 0.049 0.050 0.053 0.050 0.021 0.022 0.029 0.027 0.035
Xo 0.095 0.087 0.051 0.077 0.056 0.116 0.133 0.125 0.117 0.141 0.147 0.116 0.124 0.110 0.143 0.140 0.159
Xz 0.126 0.136 0.063 0.091 0.091 0.055 0.129 0.119 0.095 0.119 0.125 0.096 0.099 0.101 0.133 0.131 0.148
X2 0.122 0.099 0.062 0.124 0.107 0.111 0.087 0.117 0.092 0.117 0.124 0.111 0.063 0.063 0.131 0.111 0.162
X2 0.144 0.135 0.073 0.123 0.119 0.122 0.147 0.096 0.146 0.136 0.161 0.128 0.112 0.115 0.150 0.147 0.185
X3 0.138 0.114 0.079 0.104 0.047 0.048 0.121 0.094 0.067 0.128 0.117 0.108 0.091 0.094 0.106 0.104 0.137
X3 0.127 0.119 0.065 0.093 0.053 0.055 0.128 0.119 0.113 0.078 0.142 0.131 0.098 0.101 0.132 0.129 0.147
X3 0.143 0.136 0.081 0.126 0.050 0.051 0.127 0.115 0.129 0.116 0.083 0.112 0.076 0.114 0.110 0.107 0.142
X3 0.158 0.131 0.089 0.121 0.062 0.064 0.159 0.148 0.123 0.129 0.154 0.084 0.122 0.109 0.142 0.138 0.177
X, 0.157 0.133 0.088 0.120 0.099 0.100 0.143 0.148 0.124 0.130 0.138 0.107 0.068 0.145 0.144 0.141 0.161
X,z 0.133 0.142 0.067 0.116 0.095 0.063 0.154 0.126 0.119 0.126 0.133 0.120 0.103 0.066 0.139 0.136 0.172
X3 0.159 0.150 0.071 0.122 0.100 0.120 0.162 0.151 0.126 0.133 0.141 0.126 0.126 0.112 0.090 0.143 0.164
X4 0153 0.129 0.068 0.135 0.096 0.116 0.156 0.145 0.121 0.127 0.135 0.122 0.104 0.107 0.124 0.081 0.158
X4 0.184 0.158 0.103 0.142 0.149 0.153 0.206 0.192 0.166 0.192 0.202 0.166 0.146 0.149 0.173 0.151 0.138
x5 EREAENE
Table 5 Comprehensive weight of indicators
s i B R ) s B rfls BE JEL IR A %% W) IR AL M, Xa, LA AUE AL
F; H; M; ey N; J& 1 a; W, Hey
X 1.127 3 2.136 0 3.263 3 12 —1.008 7 HERNE 0.054 7 0.178 6 0.049 2 11
X1 0.845 1 2.009 7 2.854 8 15 —1.164 6  ZERKNE 0.041 4 0.118 3 0.032 6 16
X3 0.813 0 1.046 1 1.859 1 17 —0.2330 HRHEREK 0.037 7 0.070 1 0.019 3 17
X 0.696 6 1.708 5 2.405 2 16 —1.0119 Z5RRE 0.049 7 0.119 6 0.033 0 15
X 1.935 8 1.213 8 3.149 6 13 0.722 0  JRHEHEZE 0.089 2 0.280 9 0.077 4 3
X2 1.855 8 1.266 6 3.122 4 14 0.589 2 JFERHEHHE 0.057 2 0.178 5 0.049 2 12
X3 1.802 7 2.189 4 3.992 2 4 —0.386 7  HERHE 0.068 6 0.273 9 0.075 5 5
X 2.238 3 1.936 5 4,174 8 3 0.3018 JFHEMHEE 0.047 6 0.198 9 0.054 8 8
X5 1.697 5 1.794 0 3.491 6 11 —0.096 5 ZERHEEK 0.052 5 0.183 3 0.050 5 10
X2 1.825 9 1.934 8 3.760 6 8 —0.108 9  ZEREE 0.062 9 0.236 7 0.065 2 7
X3 1.816 1 2.100 7 3.916 8 5 —0.284 6  ZERHEE 0.075 6 0.296 0 0.081 6 2
X3 2.110 6 1.808 4 3.919 1 6 0.3022 JHEEHEE 0.047 7 0.186 9 0.051 5 9
X 2.146 6 1.440 5 3.587 1 9 0.706 1 JFRHERHEZE 0.038 5 0.138 2 0.038 1 14
X2 2.009 6 1.499 4 3.509 0 10 0.5103 JFHHEHEE 0.050 2 0.176 0 0.048 5 13
X3 2.195 6 1.861 4 4.057 0 2 0.334 2  JFHEHEE 0.060 2 0.244 3 0.067 3 6
Xu 2.079 6 1.796 1 3.875 7 7 0.2836 JRHERMKEHE 0.072 3 0.280 0 0.077 2 4
X5 2.770 4 2.224 8 4.995 2 1 0.5455 JFEHEZE 0.093 9 0.469 2 0.129 3 1
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Fig.4 Comparison of changes in the

ranking of indicator weights

HEHE 2% 5 Al A, 27 G B HEF AT A e bR R &R
O3 R (X ) ALK (X o) HLHLIR A8
i (X)) R A BE 730 B M (X ) B RS R 1B KO
(X)) Rm LR 5 MEIRRHET LR REN EE
AR KR, R R 4 R, & B
DEMATEL At a  d6brsi A EHT £ T8
KAF, Horpr 48 b 8 20 HE 7 B 4% = AT . Bl
B A B (X o) L W ALK B (X5 | Ml 5T A 3
HRTREE (X ). PHTIACH Bk 3 A R 48455 i
JE R 75 Gy W FLAB R 2 7= A 52 i, AR B AR N £

HEHAHLE W T . S FEN A R L 2R,
T EAE H R TAE R &S S, Rt 76 HE 17 I AL
HL RS04 A VAl L 5 B aE — 20 58 i R O OC i
P, e bR BB PEHE S BT R A R LA R A
i F A BR (X000 43 BT A S HIL H 352 %l P 41 PR [
FEVER S TEAT A HL 2 1 AF BRI PLHL 3 2 & A Pk 2
FeE 1Y, 78 HOR A R B s 1R A, A
3Bk AL
3.2 REZRIEMN
3.2.1 R4 XA £ 4k 3

SEA RN PR e R PL R R G ) AT 3
PR R 25 AR A, B — B0 I ) [ ),
RHER () B (14, HREEXHE AR X ) Bk 710 —1k
AbFE A B A8 AR X BOT M A . BRI
GBI 6,
3.2.2 A EEIMALAE bR X ] HRCRE B

DA 1l Ko A ) 6 48 br vE A X TR B4 A S5 4R
Br o AR UESE G AT 41 A8 2 DX A) R0 A 4 B 5 8
DX ) BCPF- A0 6 P 5 4 A A A e, S 57 AR X [] £
MR, BRI 7,

Fo6 EMERREHEA—LLEER
Table 6 Normalization results of interval numbers of evaluation indicators

R 1l Ky 71l K, 71l K w1l Ky 71l K

X1 (0.74~0.83) (0.82~0.91) (0.80~0.93) (0.78~0.84) (0.82~0.93)

X1z (0.79~0.88) (0.78~0.89) (0.68~0.79) (0.77~0.82) (0.91~0.95)

X3 (0.78~0.84) (0.82~0.85) (0.65~0.73) (0.72~0.86) (0.93~0.96)

X1 (0.74~0.81) (0.77~0.85) (0.83~0.93) (0.79~0.84) (0.89~0.94)

X1 (0.82~0.93) (0.82~0.91) (0.82~0.95) (0.84~0.93) (0.83~0.89)

X2 (0.77~0.83) (0.79~0.86) (0.83~0.89) (0.75~0.82) (0.84~0.95)

X3 (0.82~0.88) (0.84~0.93) (0.79~0.83) (0.79~0.88) (0.84~0.89)

X4 (0.85~0.94) (0.85~0.89) (0.73~0.88) (0.84~0.91) (0.87~0.93)

X1 (0.80~0.93) (0.78~0.87) (0.82~0.92) (0.87~0.90) (0.87~0.94)

X3z (0.76~0.84) (0.83~0.88) (0.85~0.94) (0.79~0.82) (0.85~0.93)

X33 (0.82~0.88) (0.85~0.94) (0.92~0.96) (0.76~0.82) (0.85~0.92)

X3 (0.83~0.95) (0.88~0.93) (0.75~0.83) (0.84~0.90) (0.82~0.93)

X (0.78~0.83) (0.83~0.88) (0.82~0.92) (0.85~0.92) (0.88~0.94)

X2 (0.79~0.86) (0.75~0.82) (0.76~0.84) (0.82~0.89) (0.83~0.88)

X3 (0.74~0.89) (0.82~0.93) (0.77~0.84) (0.73~0.88) (0.79~0.82)

X 44 (0.82~0.91) (0.82~0.89) (0.73~0.86) (0.77~0.86) (0.82~0.91)

X5 (0.77~0.88) (0.82~0.93) (0.79~0.81) (0.65~0.74) (0.81~0.89)

®7 HUK MRREHEFENEETEER
Table 7 Calculation results of weighted interval number evaluation matrix for mine K,

Eisgap IV IXC (i) K5 7 i 4 B
Xn (0.036 4~0.040 8) (0.000 0~0.029 5) (0.029 5~0.034 4) (0.034 4~0.039 4) (0.039 4~0.044 3) (0.044 3~0.049 2)
X1z (0.025 8~0.028 7)  (0.000 0~0.019 6) (0.019 6~0.022 8) (0.022 8~0.026 1) (0.026 1~0.029 3) (0.029 3~0.032 6)
X3 (0.015 1~0.016 2) (0.000 0~0.011 6) (0.011 6~0.013 5) (0.013 5~0.015 4) (0.015 4~0.017 4> (0.017 4~0.019 3)
X 14 (0.024 3~0.026 6) (0.000 0~0.019 7) (0.019 7~0.023 0) (0.023 0~0.026 3) (0.026 3~0.029 6) (0.029 6~0.032 9)
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X1 (0.063 5~0.072 0) (0.000 0~0.046 4) (0.046 4~0.054 2)
X2 (0.037 9~0.040 8) (0.000 0~0.029 5) (0.029 5~0.034 4)
X3 (0.061 9~0.066 4) (0.000 0~0.045 3) (0.045 3~0.052 9)
X o4 (0.046 6~0.051 5) (0.000 0~0.032 9) (0.032 9~0.038 4)
X1 (0.040 4~0.047 0) (0.000 0~0.030 3) (0.030 3~0.035 4)
X2 (0.049 6~0.054 8) (0.000 0~0.039 1) (0.039 1~0.045 6)
X33 (0.066 9~0.071 8) (0.000 0~0.049 0) (0.049 0~0.057 1)
X3 (0.042 7~0.048 9)  (0.000 0~0.030 9) (0.030 9~0.036 1)
X (0.029 7~0.031 6) (0.000 0~0.022 9) (0.022 9~0.026 7)
X2 (0.038 3~0.041 7)  (0.000 0~0.029 1) (0.029 1~0.034 0)
X3 (0.049 8~0.059 9) (0.000 0~0.040 4) (0.040 4~0.047 1)
X4 (0.063 3~0.070 3) (0.000 0~0.046 3) (0.046 3~0.054 0)
X5 (0.099 6~0.113 8) (0.000 0~0.077 6) (0.077 6~0.090 5)

(0.054 2~0.061 9)
(0.034 4~0.039 4)
(0.052 9~0.060 4)
(0.038 4~0.043 &)
(0.035 4~0.040 4)
(0.045 6~0.052 2)
(0.057 1~0.065 3)
(0.036 1~0.041 2)
(0.026 7~0.030 5)
(0.034 0~0.038 8)
(0.047 1~0.053 8)
(0.054 0~0.061 &)
(0.090 5~0.103 4)

(0.061 9~0.069 7)
(0.039 4~0.044 3)
(0.060 4~0.068 0)
(0.043 8~0.049 3)
(0.040 4~0.045 5)
(0.052 2~0.058 7)
(0.065 3~0.073 4)
(0.041 2~0.046 4)
(0.030 5~0.034 3)
(0.038 8~0.043 7)
(0.053 8~0.060 6)
(0.061 8~0.069 5)
(0.103 4~0.116 4)

(0.069 7~0.077 4)
(0.044 3~0.049 2)
(0.068 0~0.075 5)
(0.049 3~0.054 8)
(0.045 5~0.050 5)
(0.058 7~0.065 2)
(0.073 4~0.081 6)
(0.046 4~0.051 5)
(0.034 3~0.038 1)
(0.043 7~0.048 5)
(0.060 6~0.067 3)
(0.069 5~0.077 2)
(0.116 4~0.129 3)
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Table 8 Safety evaluation results of electromechanical system for five coal mines
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