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Abstract: Low-voltage electrical apparatus serves as a crucial component in the construction of
new power systems. With the rapid development of fields such as renewable energy generation,
DC factories, and data centers, higher performance requirements are being imposed on these
apparatuses. This paper reviews the collaborative research and application progress in the digital
and intelligent design of low-voltage electrical apparatus conducted by the Chint group-Xi’ an
Jiaotong University joint innovation center, with a focus on four aspects; digital design, advanced
testing technologies, intelligent fault perception, and the development of new DC circuit breaker

products. In terms of digital design, emphasis is placed on the magnetohydrodynamic modeling
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method for arc behavior in air circuit breakers and its application in the optimized design of
arc-extinguishing systems. Regarding advanced testing technologies, techniques including grid
voltage measurement, X-ray imaging diagnostics, and arc temperature spectroscopy are
summarized and analyzed. In the area of intelligent fault perception, high-precision intelligent
detection methods for AC/DC arc faults and leakage currents are outlined, and research progress
on AC arc fault line selection methods as well as the integration technology of electrical safety
fault detection into circuit breakers is introduced. Finally, the progress in the development of new low-
voltage DC circuit breaker products is described, and the development trends of low-voltage DC
interruption technology are discussed. Results from engineering demonstration applications

indicate that the digital and intelligent design of low-voltage electrical apparatus has explored and

established an efficient research and development model for new high-performance products.

Keywords: low-voltage apparatus; electrical arc; test; digitization; detection
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Fig. 1 Flowchart of arc simulation process
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Fig. 2 Modification methods for gassing materials
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curve of arc voltage variation over time
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Fig. 4 Typical applications of improving the breaking capacity

and lifetime of circuit breakers
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Fig. 5 Schematic diagram of grid voltage structure

TR B A RN R R 2 A2 W iE 2 )
RERAEBEIIATRE T R UL AL HETH—K
PEAGIN . 395 2 W7 S 4 T WO e o v ) IS A R T
R R LI R S S RO 2R S A 25Kk, 18 6
25 th TR A R R A R R TR M e
FRGER A e 4 G T e L R A 0 N
WA 38 T A R e B RSt 4 28 5 W i 4 1 AE 22 iy
i s I A i s 0 4 5% it T K P il 2 AN [
T 9 5 MIHE 20 W S 5 MO A PR T PO TSR . i T PR
ARZREA A7 LI BT i 4% T DB 552 6 5 A vp 2 g i
AR S 2 A e R A5 R (2 e S 6 ), PR IE
) Al ) A P DN 5 5 I A 0
J7 B I i B9 /ML IE $ ST 5 | i L AT
L EETAE 5 T, — 5 B R AR B2
5 R B N [ | 388 T 506 AH S L BSR4 N [R]BRC |  TE
B 22 B8 RN B S RE I AR . D RAIE 2 i 1
ZZRAN NG L ER  RERAZ 2B Z IR
SR I A7 R A S AT R AIE SR AR KCHE A9 I 1 1 52 3
P sl G R GERT R IR A R I 1% R 8 L I A T
R % A Vel 4 A e fi 307 58 M el T 91 R T
B I B 45 3 42 i S 5 S [ 0 L AR N
e JIKTTE RR e .

wawE | wmes | wEes || s
7 ek Pt ] S B4 7 b 4B
WARRE AT ARIRES  VEMCAURIC AT

6 Al H i O A s R

Fig. 6 Schematic diagram of grid voltage testing process
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Fig. 7 Schematic diagram of grid voltage measurement
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diagnostic experiment
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Fig. 12 Principle schematic diagram of DC fault arc experiment
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