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A parameter optimization method of snubber circuit of
thyristor under pulse current working condition
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Abstract: As thyristor valve is the core equipment of quench protection system of large fusion device, the
design and optimization of its snubber circuit parameters are related to the safety and reliability of the valve and even
the whole quench protection system. So far, most of the design and optimization of snubber circuit parameters are
based on DC steady-state conditions. However, there are few literatures on parameter optimization under impulse
conditions. In this paper, the buffer circuit parameters of thyristor valve are designed and optimized under the pulse
condition of superconducting magnet quench protection system. Based on the exponential model of thyristor reverse
recovery current, the current mathematical model at the turn-off time is established. The relationship between the key
parameters is obtained through experiments, and the reverse recovery model of thyristor current is established in
Matlab according to thyristor performance and system requirements. Considering the performance requirements such
as current drop rate at turn-off time, peak reverse recovery voltage and the cost, a parameter design and optimization
method of thyristor snubber circuit under pulse condition is proposed. The model of quench protection system is built
in Matlab, the simulation results show that compared with the original parameters, the optimal parameters reduce 11%
of the peak reverse recovery voltage and 43% of the peak reverse recovery voltage change rate. At the same time, the
manufacturing cost of the circuit is reduced to 1/7 of the original one.
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Fig. 1 Simplified commutation diagram of quench protection system (QPS)
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Fig. 4 Equivalent circuit diagram of snubber circuit
Fig. 3 Test circuit for thyristor reverse recovery characteristic during the reverse recovery process
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Table 1 Specific characteristics of thyristor during reverse recovery process

charge voltage/V /A Ta/A dildt/ (A-ps™) 0./uC
1,000 6622 895 37.10 8057.3
1500 9935 967 50.96 8412.8
2000 13 250 1100 76.54 9049.2
2500 16 560 1206 97.41 9568.7
3000 19 880 1330 121.22 10 153.0
3500 23190 1402 135.97 10 505.4
4000 26 500 1523 160.26 11076.2
4500 29 810 1627 179.44 11517.1
5000 33 160 1738 198.98 119624
5500 36 480 1 846 221.88 124715
6 000 39790 1915 238.76 12849.6
6 500 43090 2014 256.90 132447
7000 46 380 2132 279.01 13715.9
7500 49 880 2230 298.37 14 122.1
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Table 2 Design specification of RC snubber circuit for QPS in LSTF

symbol parameter value
L/uH external inductance 25
Virms Vrrm/V max. repetitive peak forward and reverse blocking voltage of chosen thyristor 5200
dVy/dt i/ (V-ps™) critical rate of rise of commutating voltage of chosen thyristor(di/d=500 A/ps, T,,~=125 °C) 3 000
T/ A peak value of reverse recovery current (di/d=500 A/us, 7,=125 C) 1825.7
Ng thyristor series number 2
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