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Research on Short-Circuit Transient Energy Suppression Method for Overcurrent Protection of
Intrinsically Safe Power Supply in Explosive Environments
LONG Tengwu'?*, ZONG Lewen'*®, LIANG Long'*, FEI Hangiang""*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.State Key Laboratory of Metal Mine Safety Technology, Changsha, Hunan 410012, China)

Abstract: In explosive hazardous environments, transient energy still transfers to the load when the semiconductor switching
element of the current-intercepting intrinsically safe power supply cuts off the overcurrent main circuit. In view of this problem,
a scheme was proposed to add transient suppression components in the overcurrent protection circuit to reduce the rising rate of
short-circuit current and thereby suppress transient energy. Through the analysis of the short-circuit discharge process. a
mathematical model of short-circuit discharge was established. Multisim was used to simulate and analyze protection circuits
with different inductance values, and the nonlinear relationship between inductance parameters and transient energy was
obtained. Increasing inductance can suppress the amplitude of transient current, but excessive inductance will prolong the
protection response time, leading to energy accumulation. Based on the short-circuit discharge model, an intrinsically safe
power supply was designed and fabricated. The test results show that increasing inductance can effectively suppress short-circuit
current and transient energy. A 47 pH inductance can reduce the short-circuit current to 0.988 A and the transient energy to
1.17 pJ» which are 87.3% and 33.9% lower than those of the inductance-free circuit, respectively. Combined with the parallel
freewheeling diode, the peak transient voltage has been limited within the safe threshold, which provides a theoretical and test
basis for the transient suppression design of intrinsically safe power supplies.
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Fig.1 Current-intercepting overcurrent protection circuit
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Fig.2 Short-circuit transient waveform

in overcurrent protection
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Fig.3 Enhanced overcurrent protection circuit

with transient suppression
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Fig.4 Principle of current-interrupting

overcurrent protection circuit
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Fig.5 Output transient waveforms of overcurrent protection under different inductance values
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Fig.6 Output transient current and transient

energy under different inductance values

MBS 1T U oK o 4w SR e i oL 3 A I
ASRE R IR A B B 132 A R SRR A L i RO
/)N 5 T I 2 A DU 5 D/

JAE 50 pH ik E|
- 16 1E-3
| (1000, 8B.76087) ==HE
" 2o - Rl
13..----,! . _551_15_4
o =
= _HE
_—-:__1 AN IB—Dﬂ
B 1E-6
i
1E-7
998 1 000 1002 1004
ﬂ'i'[l!‘[f,-ts
(a) FBHEBEE
B7 2AERENT

B AE S SR M Rt . I P B AR 10 P R (R R
i 5 1 2 P O T R R I (] 5 R A (HL RS
Ui W (T A8 A2 AL /N L R T BU7E 100~200 pH HLJEE
(B R 7725 1 DR 25 R i AH B 2 s kg k. i1 6 T
R A (LT P O R R A B R AR SRR R A RS
AR AL TV 52 B W E T AR A SRR, PO
A £ 2 1) R AR B O, T g 3t R B f A IR S A R Y
RIOR R EEAR IR 92 B 15 0 1 5 3 1Y R
22 AREREIPETBENER
S ECIO IR T A AR AT A A e L e
TGRS RE B OF Ho2r A 1 A [R) A SR 0 T R B Y
MHIHOR . AT 10 o H G BFSE T BT
() A 3L PR 4 0 1 (L S P B 2 A o R, o ol o e R
a3 PR 3P E B A DA R BEL A9 LA mT AR AN TR ) o
TR S . AR 22 L YR I A 37 20 A i B (B 1
A2 ACARSCIESE 2 A RS O B EAT 20T
B 7 ok B e ST A3 42 10 pH LR 2 A S0
(ELAY 3 U O 4 i o B S O

10 - 16 1E-3
--HE
. — - Hf
1 12fe -y —itk| .,
1 (1004, 1.200 TIE-5)

6 I s &5
=k é I(lﬂﬂ-1. 3.88-168]\ s “E
= E ] -2
g - & ' ﬂ

]
B : 1E-6
]
0 ool
1E-7
998 1000 1002 1004 1 006

i [/
(b) B4 10 uH B

I}IL{%*FWH:II EW'L»\ l& ﬁé

Fig.7 Overcurrent protection output transient waveforms with 2 A overcurrent value
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Fig.8 Protection circuit and inductance voltage transient waveforms with added freewheeling diode
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Fig.10 Waveforms of output current and transient energy suppression under different inductance values
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