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Simulation Research on High-speed Mechanical Switchgear with Gas Damper Based on
Multi-physics Coupling Method

FANG Chun’en'?, CHANG Xiaodan'?, LI Wei'?, REN Xiao"?, ZHANG Bide""?

(1. Sichuan Province Key Laboratory of Power Electronics Energy-saving Technologies & Equipment, Chengdu 610039, China;
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Abstract: The gas-insulated high-speed mechanical switchgear (HSMS) for high-voltage DC circuit breaker has the
shortcomings of short stroke, high separating speed and big mechanical shock. In this study, a gas damper system is
proposed to reduce the speed of contact movement and improve mechanical and electrical performances of switch-
gear. The motion of the HSMS with gas damper involves multiple physical fields such as transient electromagnetic
field, airflow field and mechanical field. The multi-physics coupling method is adopted, and a dynamic model of
HSMS with gas damper is established by using a finite element software. The motion characteristics of the HSMS with
gas damper are simulated, and the influences of the parameters of the gas damper system on the dynamic perfor-
mance of the switchgear are analyzed. Simulation results show that the high-speed movement of the metal plate in the
electromagnetic repulsive mechanism results in the change of internal airflow field, and the hence produced air resis-
tance can realize damping of HSMS effectively. At the last stage of the movement, the gas pressure gradually returns
to the initial atmospheric pressure to prepare next high-speed reclosing operation of high-speed disconnect switch.
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Fig.1 The schematic diagram of high speed mechanical

switchgear with gas damper
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Fig. 2 The work principle of electromagnetic

repulsive mechanism
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Fig.3 The dynamic characteristics of fast mechanical

switchgear’s opening operation
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Fig.4 The design chart of electromagnetic repulsive

mechanism including gas damper
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Fig.5 Coupled simulation process of Ansys software
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Fig. 6 The finite element model of gas damper
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Fig. 7 The equivalent circuit of electromagnetic repulsive

force mechanism
323 RAEAFHTRE
HL W4 Fs I HLAR 8l AR EAE AT B & L 3
J1VL S Rt S iE Jr FRE (B A
TR N |
9 dpu) Jdpv) Jdpw
a—€+ (apx)+ (;;)J’ (g’z):o )
KO : p HEEEE ; w v w53 B
Moy z TR ER
RPN

) ap,, 9
¢ P Py | 0P (10)

ot ox dy

ox ay 0z



- 52 - 201948 1 Ludx Hsst sl
E)(pv) B(puv) 6(p1}1}) + a(pwv) — % + ap}‘}’ ap)’l (1 1)
ot 0x Jdy 0z T ox dy 0z
ap.,
ot 0x dy 0z oox dy 0z
K (10)-(12) %1 : pF, | pF, . pF. R HICHEF |- REHLSFIH RN
B 775 p o8 B X AR 5K S, =pq (13)
2 2 2 2 2 2
o= 2(@)4. @ +(67w) + @.Fal + 6&4.@ +(87LL+67’M}) (14)
0x dy 0z ox  Jy dy 0z 0z  Ox
WpT) | Npul) | pvT) | Apwl) _ o[ kOT |, 0 kOT |, o[ kT |, gyg (15)
Jt ox ay 0z dx\ ¢, 0x dy\c,dy | dz\ c, oz

KA3)-(15)H: T A WAKIREE s bk AL TR

B e, TR EIE 5 g 9 B 8] N A2 B o

IR AT R S, AL AR AR @
324 FRiEHFE

1 T iz g i i vh s AL T G 32 B A T a2

H P e 0 AR B T R i R R g A [ ke P

LLiz 3l J5 R IV H H 1 37 O R AR AR O 27 7 R A

KA o T AR R, i =X (16) AT 3K Y HL

J¥ 77, AT G182l 5 8 T Rl

F,==S = [ B-HAV

ds -
F,-F,-F =ma

v= fotadt

(16)
(17)
(18)
8= vde (19)

K(16)-(19) . F, AHEET I15 F, AR
FORSREERAE 15 m R it ; o HINEEE; v

B ENHL ;S N s ik .
4 HEHESERSH

W48 B i R
DR g ) 3 2 T AR 7 ) T AR B PRSI o 1)
B DR B0 R A R L A v g i Sl () B
5 M TS RS E v JBa 4) XA a) o3 6 TFIRAARATS
FLAR M R OB, i T ARG A L 2 A D)
& RO % 22 K, T kR 0 LA R I A R R
2%, CH R Ansys ICEM 1445 & 6 i i1y —
Ak A5 AU SR DY 3108 25 48 Ak A% S 43, A D O 45
AILIE 8.

2 LB SFAAXT =5 LA T I 1 5 w2, )
B ARG ph g 0 E R ¥R 0.45 MPa, 1
I M, R BRI k- o BB, s HLAR T
K fr)is sh 38 B T 7.0 ke, 48 % 1 35 F

4.1

B8 SEZMHAMEESE
Fig. 8 The grid of mechanism including gas damper

2 P 1 A RH R D SR A, TSR LR O 1100V, fif g
2504700 wF, 288 S5 BH R, L R, Y90 2 mQ,
LR PR SRR L, L L, 430 2.2.01 pH, LY
AU JE R AL AR 124> B £ 3z B AT
FEH 20 mm, 5 H ALK 6.25 ps, T 7 R R
PR IR SIMPLE 53.3% . % IE 36 )8 v i itiz ghid
T R AR AL 23 B 2 B 47 R T B 2l I A A5 28
B 2543 )2 0 Jmy 35 100 A R R ASE A | ] K 2 S A Y
UDF F 38 4 2 12 AN 305 A Fluent B4 AT 52 B
HLE T+ I B Sh S22 it
42 HEEMSERS5SH

e LA S AE 43 ) dzs 2l o A% v i A S 22
MRS BT B ) LR LA KGR BE WL 9, &9
(b) (o) FT T, RUAE Hhy T e 3 0 20 ) 23 77 A — 7
AR 7 5 B0™ A= 1 1 2 24 1 AN W) A B 9 4 3, (H
5 0 B8 2k 5 B A F S B AE 1.4 ms T3
&3 o W 9(a) A, B JE R D EEAE 1.4 ms BT AE
18 15 22 B 3 388/ , B R 368 e SRR g s
YEMl o 1 1.4 ms 7= AR B 22 R0 5 A G e JIARAE:
()N < e S E IR BB R 9.0 m/s. B G IRk
B a2 AR, 3 1.65 ms 74 5 {5 20.09 kN,
1E 2 ms BRI il Sk a2 s 250 10.7 mm, RIS 4A
2 v} e S AIUAOT S 52 7 A5 0T I FL T TIV | i
SRR AL/, SEBUT O fih Sk bR Az Bl 2 i} 52 B
TP TIV R 2 00 85 1B 3 s 3, th TR %
R BEL R A v LB O A B A S50 A B2



BRI

TR, WIS, 4541, . ST YRGS Y R U O UR G i BT +53 -

e, BT i T B i sk /) i o5 X6 T SE AU A i )
SO, PRAIE T R AU O A9 L LB DL S
T RGBT Al FENE

60
1-HREF
2-JEZE S
40t /1
g
20t 2
0 . . ,
0 1 2 3 4 5
t/ms
(a) IHILLA:
20

[ kA s
|| IR

t/ms
(b) PrAEI L AL
15

=R AR G i
I 2N ARG A L

0 I > 3 4 5
t/ms
(c) IEFEMI LA
B9 MANSEERE R IEVN I LM S i 2

Fig. 9 The dynamic characteristic curves of high speed

mechanical switchgear before and after adding gas damper
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Fig. 12 Influence of inlet stomatal diameter on switching opening characteristics
25 10r
1 HE
20 sl 2 1-d=1 mm
£ 15 2-d,=2 mm
g 6l 3-d,=3 mm
9 v
- 10 £
é F gl
= 5
0 2F
,5 1 L L L ] 0 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4
t/ms t/ms
(a) K2R A1 5 6 (b) HZ
E13 HOSFAEEMNFAXS EEEFIERZm
Fig. 13 Influence of outlet stomatal diameter on switching opening characteristics
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Fig. 14 Influence of gap of metal repulsion plate and gas chamber on switching opening characteristics
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