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Research on leakage protection of low pressure frequency converter in underground
coal mine

YANG Yang, WANG Yanwen, WANG Dong, ZHOU Xuan

(School of Electromechanical and Information Engineering, China University of Mining and Technology, Beijing
100083, China)

Abstract: In order to improve the voltage quality of long distance power supply system in coal mine, a topological
structure of on-load automatic voltage regulation system based on solid state supercharger (SSVI) is proposed. Due
to the use of PWM modulation technology, the occurrence of personal electric shock accident current increases,
much larger than the 30mA safety current; Due to the long inherent operation time of the existing vacuum circuit
breaker, the total power failure time of single-phase leakage is longer, and the risk of electric shock is greatly
increased. Therefore, the fast power off device must be used to shorten the failure time to 17ms in order to ensure
that the electric shock will not die; In addition, the wide range of line voltage regulation brings difficulties to the
setting of leakage protection and fault location. Using the phasor ratio between zero sequence voltage and relative
ground voltage as the criterion, the single-phase leakage fault of on-load automatic voltage regulation power supply

system can be correctly detected, and the line location where the leakage fault occurs can be roughly estimated.
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Fig. 1 The system of the dynamic voltage regulation based on

the solid series voltage source
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Fig. 2 SSVI internal structure diagram
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Fig. 3 Simple topological diagram of SSVI electric shock
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Fig. 5 Sectional linear equivalent circuit diagram of electric
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Tab. 1 Personal electric shock current calculation table

n AThns  LJmA || n ATms  I/mA

1 0.474 1223.73 21 0.528 2078.14
2 0.583 2012.25 22 0.420 2215.56
3 0.367 2322.80 23 0.635 1701.95
4 0.683 1513.62 24 0.318 2678.46
5 0.273 270191 25 0.727 1511.18
6 0.766 1210.66 26 0.234 2998.80
7 0.202 2997.34 27 0.797 1087.41
8 0.821 981.13 28 0.177 3211.41
9 0.159 3012.50 29 0.838 902.14
10 0.846 509.92 30 0.151 2998.29
11 0.151 3211.89 31 0.846 756.12
12 0.838 771.21 32 0.159 3215.08
13 0.177 3213.88 33 0.821 797.66
14 0.797 998.21 34 0.202 3017.64
15 0.234 1007.12 35 0.766 899.36
16 0.727 1120.54 36 0.273 2 877.64
17 0.318 21713.94 37 0.683 1120.11
18 0.635 1437.14 38 0.367 2607.45
19 0.420 2 377.60 39 0.583 1598.75
20 0.529 1798.56 40 0.475 2108.87
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Tab. 2 Sectional calculation of personal electric shock current

n A T/us 1, /mA I n A Tlus 1, /mA
1 0.24 691.64 41 0.26 939.48
2 0.27 788.65 42 0.23 653.29
3 0.21 788.94 43 0.29 817.85
4 0.30 714.57 44 0.20 766.94
5 0.18 844.77 45 0.32 731.32
6 0.33 672.06 46 0.17 832.15
7 0.15 899.89 47 0.35 665.20
8 0.36 580.72 48 0.14 945.67
9 0.13 1024.61 49 0.37 525.68
10 0.39 464.96 50 0.11 1 065.67
11 0.10 1110.96 51 0.40 433.39
12 0.41 398.55 52 0.09 1134.52
13 0.08 1160.50 53 0.42 380.43
14 0.42 360.44 54 0.08 1174.02
15 0.07 1188.93 55 0.43 350.04
16 0.44 338.58 56 0.06 1196.68
17 0.06 1205.24 57 0.44 332.61
18 0.45 326.03 58 0.05 1209.69
19 0.05 1214.60 59 0.45 322.61
20 0.45 318.83 60 0.05 1217.15
21 0.05 1219.97 61 0.45 316.87
22 0.45 314.70 62 0.05 1221.43
23 0.05 1223.05 63 0.45 313.58
24 0.44 312.34 64 0.06 1223.89
25 0.06 122481 65 0.44 311.69
26 0.43 310.98 66 0.07 1225.30
27 0.08 122583 67 0.42 310.60
28 0.42 310.20 68 0.08 1226.10
29 0.09 1226.41 69 0.41 309.98
30 0.40 309.75 70 0.10 1226.57
31 0.11 1226.74 71 0.39 309.63
32 0.37 309.49 72 0.13 1226.83
33 0.14 1226.93 73 0.36 309.42
34 0.35 316.85 74 0.15 1194.91
35 0.17 1151.81 75 0.33 378.18
36 0.32 438.30 76 0.18 1098.27
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Fig. 6 Leakage fault Davinan equivalent circuit diagram

MR HE 40 Hs o PR AT 40
R, _U - U-U,_ Uy _
ZO UO UO KA{D (7)
R =Z,K (8)

A (7) BT HRE U 7E 32 %



T PVZVR [0 HHKE V&SRS b IR DB AR 0 58

B AL A B B S, RS R E T
Fi7R,
o) bood buud T
1

UA—

UB

UC

U,

B7 TEH[EEREE(ETHEE)
Fig. 7 Transformer connection schematic (phase volume in the
figure)
25 1% ot b BELPL Z, I i B0l ok A R R e v
i 1BE AT N A S AR O PR AR SR s (2 0 e L A B
6) KA. T LU fl s R R AR 20 | v, R

N . R.U
AURO, TUMHZ, =0,

A~ Yo

32 (FE#MR
R TE 2, SRR SRR
BEAT IR HTIRIE . A T KRR, &
4 He 5 i ) i 2 ARG S R R R PR o i L
O GBI, A R R R
WL T g 7 S T DA R A5 A A (I 8 BT R

2A 3B 4C

1/3 —1000/7 1

17 2
L/nhu

B8 mEERFAEEINIPEN

Fig. 8 Internal structure of voltage transformer simulation model
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Fig. 9 Simulation result graph of measuring leakage resistance
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Fig. 10 Simulation result graph of measuring leakage resistance
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Fig. 11 Partially measured leakage resistance simulation results graph
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Fig. 6 Distribution of surface air velocity at different times at 1 600 A (unit: m-s™)
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Fig. 11 Partially measured leakage resistance simulation results graph



