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760 V-Class DC Switch Breaking Characteristics
Using Tandem Type Magnet Extinguisher

Hyosung Kim™

Abstract

Magnetic arc extinguishing technology is effective as an extinguishing device for low-voltage direct current
(DC) circuit breakers with a resistive load of <4 kW. The separation distance between the magnet and the
electrical contact must be shortened to increase the magnetic arc extinguishing force. However, if the magnet is
installed too close to the electrical contact points, the magnet is exposed to high temperatures due to the arc
current generated when the load current is cut off and the magnetism is lost. To solve this problem, the
effective magnetic flux density at the electrical contact can be maintained high by placing the arc extinguishing
magnet in a tandem structure with the electrical contact point between them, and the proper separation distance
between the contact points and the magnet can be maintained. In addition, an electric arc extinguishing
technology that emits arc energy using a series circuit of diode and resistor is used to suppress the continuous
arc voltage generated by the inductive load. For the proposed circuit breaker, the breaking characteristics are
analyzed through the breaking test for the DC load of the 760 V level, the load power of 4 kW, and the time
constant of 5 ms, and an appropriate arc extinguishing design guideline is proposed.
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TABLE I
EXPERIMENTAL CONDITION
Parameter Value Unit
Supply voltage 760 Vdce
Load current 5 [A] A
Time constant 5 [ms] ms
Contact material AW18-Cu -
Opening speed 50 - 150 mm / S
Magnet material N35 (NdFeB)
Magnet size Diamete.ri 8 Lmm]
Length: 10 [mm)]
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Fig. 4. Waveform for DC breaking experiment (Gap opening
speed = 150 [mm/s]).
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Fig. 5. 3-D graph of DC switch breaking characteristics.

TABLE I
TRIP TIME ACCORDING TO MAGNET DISTANCE AND
GAP OPENING SPEED.

Opening Magnet Distance [mm] . Std.
Speed [ ] Dev.
[mm/s] 20 25 30 35 mSI 1 rog
50 257 247 242 242 247 7
75 171 191 192 202 189 13

100 156 163 172 178 167 10

125 143 136 152 157 147 10

150 130 163 157 161 153 16
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Fig. 6. Switch breaking characteristics according to magnet
distance and gap opening speed.
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Fig. 7. Principle of Rorenz's force using paralleled magnets.
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Fig. 8 Concept of increasing Rorenz force using triple
paralleled tendem magnet pairs.

TABLE Il
TRIP PERFORMANCE OF PROPOSED CIRCUIT
BREAKER USING SINGLE TANDEM MAGNET PAIR
AND TRIPLE TANDEM MAGNET PAIRS.

Load Current Trip Time (ms) Ratio
(A) Single Triple (%)
5A 71.6 11.6 16
9A 1187 214 23
14 A 130 419 30
18 A Fail 419 -
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