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Fig.2  Physical picture and diagram of synthetic circuit
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Fig.3 Fusing test wave of diamonds
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Fig.4 Fusing test wave of air
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Fig. 6 Interrupter structure of micron size diamonds
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Fig. 7 Arc fusing wave of diamonds
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mechanical impact and CO, condition

ME 10 FTLLAE H, FTEA CO, S ARl FH ALK
F3 ek Xk 4 W R %) 2K I R T A A, BRI
(6] 47 26. 2ms, & 48 5 bR e K HLUE 1460A , Fe 24 Al 7K
ZYKAZ R 308V, 4 NIy H0REfff FH R Bl 2 1
TR RE e, BT LA SR A2 A T RARR , T
CO, SARTE LI A T4 B KN
4.5 FINRIELERSHT

T =R A 5 A 4R SIS (] RS (AR
LR ) 43 A R AN 11 iR,

R K 9 4 WA 0k 5 25 <0 Co, R
PRI R, AR [ X6 HE | AT LA & BRI 4 WA
WOkE 5 PR T T A BRI, Bb s SR I 2 7
5~61i5, 4N Uk A 4 20 ) 5, BEAE X B3I ™ A=
Sy EIWER , IO Fr A T s, 45 LI SR T
W&, FH LI A O AG AR 2 b il 26 mT DAHE T, A9
B R AR T8 1S5 A CO, AR FH AL A7 4
Bl & WA D00 RT LA BH I8 45 J R SRR (] | 4 2 U0 g 3k 3

90
v « &NIA
sor g’
20l M 4 CO MMk
v v COSATRB T2

eor v BUBR Iy o B9 S R
= 50 Y -

40

2ol - " -

A &
20 i *

0.02 003 0.04 005 0.06 007 0.08
t/s

El 11 &RIA Bk CO, A 2 S IRINIT A FN9T T Xt b

Fig. 11 Comparison of arc time and arc voltage between

diamond particles, CO, and air

PR A5 45 WA ) RS 3 348 n 24— £ .

XTHEIR 40ms PN Y 4 NI B0RL 25 <L €O, Ak
AR BELAEA T 204, 5 SR A 12 I . Poli g
W FERHL T B (10ms DY), 4 WA A7 198 5K Hi B
TG N, SEAE T LA 11,360, 1M CO, SARTE
IR S35 1. 430, 111 25 S ORBH AL, “F 39 K
0. 0200 ; 78 FL L4 R B [B] P, 4 WA A I RELSF- 2 6y
13.21Q,C0, SARINFHF-{E " 3.75Q, 25 KA
BHSF-HIEN 0. 55Q, PRI AT UK SE , 4 WA Bk 16
SRR 2558 e 1 = i PR S AR IR LA G R

20

15f m MM “W “J\,KME
mmm"fw WM WM rUmmumWWWM

t/s
K12 R ERL CO, U 23 RN B/ A 1
Fig. 12 Comparison of arc resistance between diamond

particles, CO, and air

5 #ig

ARICLA 50wm 283 W1 0K A 8], F 52 O F 18
T EZSTARBURAE S 400V 1% He B I U % 45 19 IR
A B AT BEME AR5 L IICHE K A S BRI 1 A R 1
075 R AR, i LA R L 458

(1) OR G WA [ A JI0RE AT LA R8s L 3



W, TR B E, % UK ENIA FUR T 400V B AR rl AT ST (], B T AEF IR, 2019,38(4) :89-96. 95

HUE AR TR s UKIIE IR S & 5~ 6 i, 2
111 ISR T 46 L Ry 25 UK IR 1/3 it 0120 5
TIE T TIOR8 <5 A T AU A S A B3 KA T
ik

(2) BEit 17—l B 4 WA BOREAT D DI
Jo R s A BT s A R L , BEAT 2 W7 0KL L CO, <
PR SRS , 73 B A 2 <5 M A JAE BE A8 2 T
P IR s AR RIS 18] Y 32 22 J PR O 2 AR ARSI
FHA R, ik 100 PLE . HHA] RS2 AP A L TR AR
XA, 5 Z i — 2L PEARZE R | B w8 73 IS8R

(3) [ 2t A SWURL ) S A Sy i B K A o,
R AF T B RE SR T8 25 X5 €O, UK,
HAT KNI () | ] AR S22 A A 5 A FR
] L S P AL A B S5 R A, AR SO 2B B 1 L K
SIVPERE , Ay 7 [ (A P 2 HIARR s B O W B i A 40T
il B 1Al

S ZLHK (References) :

[ 1] &g, BHCR, SEM, % (Huang Jingiang, Liao
Minfu, Ge Guowei, et al. ). B FifHMIEERFHIE
HRE WA (Zero-voltage-switch hybrid DC switch

[J]. EHEHAR (High Voltage

Engineering) , 2015, 41 (9). 3148-3155.

MM, XISCHE, fiK%, % (Chen Chao, Liu Wen-

jun, Yu Tianyi, etal.). FEFERRGBEEY =

Ui I B BT %S 0 FMIFSE (Topology research of three-

port solid state circuit breaker based on DC system fault-

protection) [J]. H THAEHH AR ( Advanced Tech-

nology of Electrical Engineering and Energy), 2018, 37

(6): 58-64.

[3] RIDR, L, B2, & (Wu Weimin, He Yuan-
bin, Geng Pan, et al. ). ELIIBMIBESE H 1Y S fEH A
(Key technologies for DC Micro-Grids) [J]. BT 3R
2## ( Transactions of China Electrotechnical Society) ,
2012, 27 (1): 98-106, 113.

[ 4] Uk, SIRIE, Rk, % (Cai Binggian, Jia Li-
hu, Zhu Yongqiang, et al. ). ELUIHH M HE R 2E 07
FELEA R K Z 5T (Research on influence factor
of voltage class series option in DC microgrid) [J]. H
THBEF AR (Advanced Technology of Electrical Engi-
neering and Energy), 2016, 35 (12). 45-51.

[5] 2®HE, EMIT, #EMH (Wu Junyong, Pei Con-
gxianzi, Bian Guochao). YGRITMIMELHL ¥ rp 22 PE 3 )
FFRMPAL B THE HI RIS 5E (Study on control strat-

egy for optimum operation of soft normally-open points

for DC microgrid )

[2

[

('snops ) in distribution network with PV generation )

[J]. HITHAEHHE AR (Advanced Technology of Elec-

trical Engineering and Energy) , 2017, 36 (9). 20-28.

[ 6] B+, 54, Xk (Xue Shimin, Qi Jinlong, Liu
Chong) . BRI LEER (A research review of pro-
tection for DC microgrid) [J]. [ B AL T 72 2% )
(Proceedings of the CSEE), 2016, 36 (13). 3404-
3412, 3359.

[ 7] Ak, SRR, ERNT (Zha Yonggiang, Jia Lihu,
Wang Yinshun). fLH RIZ5F) 5T A9 FEAE N ( Basic
design principles for micro-grid architecture) [J]. HT.
HLAE BT 5 R ( Advanced Technology of Electrical Engi-
neering and Energy), 2015, 34 (9). 44-49, 63.

[ 87 5KMS, 5EAS, K3, 5 (Zhang Peng, Zhang Jie, Zhu
Yi, etal. ). &5 U W7 B8 o JT W 450 14 19 20 BT 46 11
(Analysis and verification of the opening characteristic of
DC circuit breaker) [J]. #LH, T.# (Journal of Me-
chanical & Electrical Engineering ), 2017, 34 (4).
412-415.

[ 9] firRiE, =H, X, % (He Junjia, Yuan Zhao,
Zhao Wenting, et al.). B R 2R & Rk
(Review of DC circuit breaker technology development )
[J]. EAHEMEAR (Southern Power System Technolo-
gy), 2015, 9 (2). 9-15.

[10] BREA, Horlk, &+, % (Qiu Qingquan, Xiao
Liye, Zhang Zhifeng, et al. ). 7= & MM = He il s g
TR AR BT (Analysis of fault current limiting tech-
nology used in high voltage and ultrahigh voltage power
grid) [J]. ML THLAEHHAR (Advanced Technology of
Electrical Engineering and Energy), 2017, 36 (10).
46-54.

[11] Gilvanejad Mojtaba, Abyaneh Hossein Askarian, Mazlumi
Kazem. Fuse cutout allocation in radial distribution sys-
tem considering the effect of hidden failures [ J]. Interna-
tional Journal of Electrical Power & Energy Systems.
2012, 42 (1) 575-582.

[12] BRfEEE (Chen Degui). T Wi AR AY ke 5 87 AU
HIRW S (Development of modern DC switching tech-
no-logies and new type of DC circuit breaker) [J]. H
HE R E B H AR (Flectrical & Energy Management
Tech-nology, 2014, (21). 1-5.

[13] £7, FiR4: (Wang Lei, Chen Lesheng). JFCHLIN
5 ELECA B 98 1 ' ( Research status of simulation
mathematical medal of switching arc) [J]. HTAFE
(Electrical Engineering Materials) , 2013, (3). 32-40.

[14] Zi&Jr, R, £R, % (Yuan Zhifang, Zhuang
Jinwu, Wang Chen, et al. ). 33Z@X} 8w e
FFWres A BIR 2 PRS2 (Influence of silica sand
on dielectric recovery characteristic of high-speed electro-
magnetic repulsion isolators) [J]. EHJEF AR (High
Voltage Engineering) , 2014, 40 (1) . 294-299.



96 HL T OH BB BT R 55 38 & 55 4 1)

[15] BB, PMEM, KK, 5 (Zhao Zhongkui, Sun [19] =&, his, KRRV, % ( Yuan Zhifang, Shen
Qingzhou, Zhang Puqing, et al. ). £ Jefb et i 48 Bing, Yu Yueting, et al. ). TLJPRFEE WA A B
A SR EIT S (Phase transformation and expansibili- 5 (Research on synthetic circuit of direct cur-
ty of quartz sands during heating) [J]. #f K T 7 rent-limiting fuse) [J]. flREHEAY (Low Voltage Appa-
(Journal of Materials Engineering), 2006, (10). 25- ratus), 2011, (24). 10-13.
27. [20] Yu Haibo, Kesim M Tumerkan, Sun Yu, et al. Extended

[16] W% 1% s ] IZ\, H 3 jpf, & ( Yang Jingsui, Xu aging of Ag/W circuit breaker contacts: Influence on sur-
Xiangzhen, Bai Wenji, et al. ). W&k R4 MG 1) 4 face structure, electrical properties, and UL testing per-
fiE (Features of diamond in ophiolite) [J]. &= 2F4Rk formance [J]. Journal of Materials Engineering and Per-
(Acta Petrologica Sinica) , 2014, 30 (8): 2113-2124. formance, 2016, 25 (1). 91-101.

[17] &%, £iEW, SEMA, % (Cheng Xian, Jiao Lian- [21] Pei Xiaoze, Smith Alexander C, Shuttleworth Roger, et
yao, Ge Guowei, etal. ). ELZS[E]BE5 CO, <A E] B al. Fast operating moving coil actuator for a vacuum inter-
RICIIR AW 25 B3 05 EiT 58 (Simulation of elec- rupter [ J]. IEEE Transactions on Energy Conversion,
tric field distributions in vacuum/CO, gaps of hybrid cir- 2017, 32 (3): 931-940.
cuit breaker) [J]. Ea R 548 R2¥%M ( Chinese [22] Nevzlin B I, Dyachenko Y Y. Analysis of methods of cal-
Journal of Vacuum Science and Technology), 2016, 36 culation of electric field in granular material [ A]. 1998
(12): 1356-1362. International Conference on Mathematical Methods in E-

(18] 2 &, Bk iy, T &, % (Cheng Xian, Chen lectromagnetic Theory [ C]. Nevzlin, 1998, 1. 234-

Zhanqging, Wang Yaoqiang). FL25 AP CO, KA
Bt ERIGC TR L LB ELBFSY. (Simulation of high-
current interruption of circuit breaker with vacuum and
CO, gaps connected in series) [J]. HZRl2EEH R
#z ( Chinese Journal of Vacuum Science and Technolo-

ay), 2016, 36 (9). 1010-1016.

236.

Wang Haichao, Hu Shengsun, Wang Zhijiang, et al. Arc
characteristics and metal transfer modes in arcing-wire gas
tungsten arc welding [ J]. International Journal of Ad-

vanced Manufacturing Technology, 2016, 86. 925-933.

Discussion on performance impact of micron sized diamond particles
to interrupt DC 400V arc

CHENG Xian'?, WANG Hua-qing"?, GE Guo-wei'”*, YANG Pei-yuan', CHEN Zhan-qing’
(1. College of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. Henan Engineering Research Center of Power Transmission & Distribution Equipment and
Electrical Insulation, Zhengzhou 450001, China)

Abstract; In order to explore the application of the solid-state fluid particles, a new arc extinguishing material, in
the 400V DC micro network, and to provide a new method for the arc extinguishing for low voltage DC circuit
breaker, this paper choose the micron diamond particles as the arc extinguishing medium for the 400V DC circuit
breaker. A DC synthesis circuit is designed, which can provide 2kV, 3. 5kA fault current, and its fault current ris-
ing rate is 1. 3kA/ms. An interrupter that is used to test its arc extinguishing performance is also built. At voltage
of 800V and peak value of fault current of 1-2kA | the diamond particles fuse arc test and control mechanism of arc
test are carried out. Using air and CO, to break short faults the different influences between these three kinds of ma-
terial are analyzed. The experimental results show that using 50 micron diamond particle as arcing medium, it can
effectively enhance the arc voltage, about 5-6 times as compared with air. Using mechanical force to flush the dia-
mond particles, or inflating CO, gas to change the air condition, can both effectively enhance the arc extinguish ve-
locity. At last the paper puts forward the measures of using micron diamond and similar substances in the low volt-
age DC circuit breaker as arc extinguishing medium and other improving methods.

Key words: micro size diamond particle; circuit breaker; low-voltage DC circuit breaker; DC interruption



