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Non-communication protection of coal mine DC distribution lines based on transient current derivation
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Abstract: The fault current of coal mine DC power supply and distribution lines has the features of large
amplitude and high rise rate, which is an important factor threatening the safety and stability of the power supply
system. The method of using electrical features of DC distribution systems to achieve fault recognition rarely
considers the actual situation of protective equipment. It makes it difficult to handle equipment errors and
disturbances, and it does not meet the reliability requirements of relay protection. The active protection methods
based on power electronic converters rarely utilize fault electrical information and rely solely on equipment action
features to achieve fault removal. It often fails to meet the quick action requirements of relay protection. In order
to solve the above problems, a non-communication protection scheme for coal mine DC distribution lines based
on transient current derivation is proposed. The second derivative of the discharge current of the parallel capacitor
on the DC side is used as the protection acceleration criterion. If the acceleration criterion is met, it will start the

acceleration action. If the acceleration criterion is not met, it will act according to the established delay of the
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circuit breaker. When a fault occurs, the current is directed towards the fault point. The change in power flow
direction can be used to preliminarily determine the direction of the fault, forming a non-communication
protection. It will accelerate the tripping of the circuit breakers at both ends of the fault line, thereby shortening
the fault removal time. The simulation results show that under different fault positions, transition resistors, and
fault types, if the acceleration action can effectively start, the non-communication protection scheme of coal mine
DC distribution lines based on transient current derivation can quickly remove faults and reduce fault time. If the
acceleration action cannot be started, the protection scheme can also cooperate with the established delay to

determine the fault type and section and remove the fault.

Key words: coal mine power supply; DC distribution line; fault recognition; non-communication protection;

transient current derivative; acceleration protection; monopole to earth fault; pole to pole fault
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Fig. 1 Equivalent circuit of DC distribution system with

monopole to earth fault
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Table 1 Calculation of simplified circuit parameters
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Fig. 4 Relationship between fault location and the second

derivation of capacitance discharge current
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Table 2 Difference between the first and the second derivative of

discharge current

i Y L BH/Q by by b’ b
0.5 1.255 1.412 1219 1.858
1 1.255 1.464 1.199 1.699
3 1.256 1.524 1.114 1.47
5 1.257 1.541 1.021 1.451
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Fig. 5 Double end power supply type DC distribution line protection
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Fig. 6 The principle of non-communication protection in double end DC distribution network
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Table 4 Acceleration criteria for line protection at all levels during

pole to pole fault
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Table 6 Protection action during monopole to earth fault

T SR Z0/s R Mo
it /Q HEERE km ——————————— e
o B A PR A S /km P, P Sl /ms T
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
0.2 L-G
3.03 — 1.003 7
4.50 — 1.003 7
5.97 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
1 L-G
3.03 — 1.003 7
4.50 — 1.003 7
5.97 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
3 L-G
3.03 — 1.003 7
4.50 — 1.003 7
5.97 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
5 L-G
3.03 — 1.003 7
4.50 — 1.003 7
5.97 — — 14
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Table 7 Protection action during pole to pole fault

" . I R Z/s WO e
SEEHLH/Q (B fkm ————————————— ol
o HL R R FE S /km P 5 B lms FILE R
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
0.2 L-L
3.03 — 1.003 7
4.50 — 1.003 7
597 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
1 L-L
3.03 — 1.003 7
4.50 — 1.003 7
597 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
3 L-L
3.03 — 1.003 7
4.50 — 1.003 7
597 — — 14
0.03 1.003 — 3
1.50 1.003 — 3
2.97 — — 21
5 L-L
3.03 — 1.003 7
4.50 — 1.003 7
597 — — 14
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