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Design of high-power intrinsically safe power supply based on fault current change rate
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Technology, Taiyuan University of Technology, Taiyuan 030024, China;
2.Shanxi Key Laboratory of Mining Electrical Equipment and Intelligent Control,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In order to solve the problems of low output power, poor protection effect, and slow
dynamic response speed of existing intrinsically safe power supply, a high-power intrinsically safe power
supply based on fault current change rate is designed. The intrinsically safe power supply is equivalent to
an EC circuit, and the short-circuit fault characteristics of the EC circuit are analyzed as follows: the spark
discharge current rises rapidly at the initial stage of the short-circuit, and the current change rate changes
suddenly. By detecting the value of change rate of the fault current in the circuit after a short-circuit fault,
it is able to predict the fault state in advance, trigger the protection function before the fault current
reaching the protection threshold set by the conventional current protection method, and cut off the output
circuit at the initial stage of the short-circuit fault so as to increase the output power of the intrinsically safe
power supply. The high power intrinsically safe power supply includes 2 parts: the switching power supply

and the intrinsically safe protection circuit. The switching power supply adopts flyback converter
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structure. The core of the control circuit is UC3842, and the core of the feedback circuit is optocoupler and
three-terminal regulator TL431. The intrinsically safe protection circuit limits the energy of spark
discharge according to the change rate of the fault current, and mainly includes a fault detection circuit, a
comparison circuit, a self-recovery circuit, a soft start circuit and a drive circuit. The performance test
results of the intrinsically safe power supply prototype show that the power factor of the intrinsically safe
power supply is not less than 0.96 when the AC input voltage fluctuating in the range of 90 to 265 V, the
output DC voltage ripple is within 20 mV, and the efficiency of the power supply is above 85% . The short-
circuit test results show that the transient output energy of the intrinsically safe power supply after a
short-circuit fault is 65 1J, which meets the design requirements.
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capacitance; switching power supply; intrinsically safe protection circuit; flyback converter; EC circuit

0 3

I T ATE R 5 A D B R IR &) X g 2
SRAS 22 B YR T B T AR Bk & A R B i 7 A Y H KA
SN SR R R BURAEN . B T AR
7 B AR B BOR B T 2 1 A& A I 45
SRR WS E - 3 E A VNI ¥ N R
ANBE L S BR A = ok L R A R IE AR R 4
AT T e KRR B b 4 i A 2 W i HR T o, 2 AR
LR L B EE S X,

SCHRLA-6 1%5 52 & vy i LI OC Ha P& A R 2 42 %
P, 66 114 02 AR R AR IO 22 4 DR AR 48 4 1 A4S T 2 4
BReHEAT TR SE . SCHER L7 T30 i 7 [l % b e 05 R A
F, L A 5 R 1) B T T R SOR — . S
BRC8 IR AR BGies i B BOR L B ih 7 Ak 72 6 i
CTAREEN A N TR AN 8y a7 Y = RS e
P AF A J5T 8 2% 3 A A 0 R A R REL VR O R R 1
AP R R ) . SCEk (913 T B A HL AR R %
TH T i R O R R A R RIS RGN T K AR R
T ik [l i o AH Pl B 1152 2% o S B o FH AR IR HE . SC
Bk [ 10 ] 45 & 3 & 7 5 5¢ Wi ( Dynamic  Arc
Recognition and Termination, DART) & R #1455
BRI GH SR B RGBSR T —F
FE A2 R L I, SE I T B A S B0 P A
] A 52 e 0 DR H B v (H L L BR A5 A & 26 HL
(S & it T

BT A A 22 IR AE A IO B T RN AR P AL
2% LB A e Ny RS A ), AR SR T — R T
il I 72 A 3R DR By AR 2 L Y Sl e A T A 2
FL Y R A i AR I T P R A R PR A 2 F IR
PRAP H S Y DR 3 B L 42 T Fl, YA A o 22 4 1 E

1 BETHERRENRNEREESNEE

AR YR ] AR ME 1 BT R B Ao R
(Electric Potential Capacitance, EC) H &MY EC
FL 6 R 7 % I A R B R L I ] 1 () TR

i

TESE R B T O FL R R SRR rp L B O R R AL R,
s L RH L d o BB T . R A R DR B AR
B, S, R RAPOIT e 0F . 24 8 B i o e K e
S5 BREIRE T ST TT s R Sy S B (0] g6 HL BEL 3 9 0 T
R /N R LS KAE T L i A v X i I 4
M0 RS R AL D Ry O L R A
S, JRLHETT OGS, P A I R I A A R I R
EC H g & A T I 0 B i A F B A5 0 8T 1 () i
T o SRR T 5 L TR B R £ B A A 5
HERTARTR] o 75 S5 R0 B4 AR T v R v A A R i
KA T AL P JAE MK AL T L TR AN BE AL 2 97 L BT L
PV A5 A AL R L SR 30C. Uy SR AR K AE T
(1 AR BIC P s e Sy KA TR P P B 1% 3 L

i TF oK FRUR FL B AR E E PR LB E E k=7 b
i, Ry Agitos g i -
e ol 5 |
‘ T + H E: :
i“ E U TC ; E R LR ; E (IR, SzI
(a) J i
DOFRAAMEE 1 R L KRR |
L‘» 'R_()| l_g> Si .& i . H

...............................................

(b) M IS
1 Az o A R R Al
Fig. 1 Equivalent model of intrinsically safe

power supply
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Table 1 Main parameters of EC circuit
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energy and discharge time of EC short circuit
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Fig. 4 Overall scheme of high-power intrinsically
safe power supply
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Fig. 5 Main circuit of switching power supply
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switching power supply
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Fig. 7 Over-voltage and over-current detection circuit
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Table 3 Routine performance test results of

intrinsically safe power supply

WARIE/V EHDE/W o JRREE B/ % 8iE/mV
90 24 0.99 85.4 18.6
127 24 0.99 85.6 19.4
170 24 0.98 86.7 18.9
220 24 0.97 85.5 18.4
265 24 0. 96 85.8 18.6
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