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Numerical Simulation of Distributed Capacitance of NBI Accelerator Supply
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Abstract: Ton source is the key part of NBI. When accelerator breakdown occurs, the ion source can be destroyed by the
discharge of energy stored in the stray capacitances remaining in the circuit. The stray capacitances of accelerator supply are the
most important part of total capacitance, but it is difficult to solve the value of capacitance of the accelerator supply directly.
Numerical simulation model of accelerator supply was established and solved, and the 100 kV equivalent capacitance of accelerator
supply was obtained. The purpose was to provide reliable basis for design and operation of ion source.
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Fig. 1 Frame diagram of power supply system
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Fig. 2 Frame diagram of 100 kV PSM power supply



F10 H34

ARAESE  NBUBIER A I8 v A 5B - 119 -

SEFIAHIR , AU B LA AN ], B 5 AR e R
AN RIS R sg i 450 V, e Rl
oMW 900 Vo 4 15 T AR AR 104 4l i1 43
2, 53 3% 2 104 A S5 AR T) () FE DR AR B, 7= A i
H R BRI S5Ok BT 1215 V/100 A, RS
90.66 m x 0.33 m x 0.85 m, AL FH 4 4~ 7248,
R AR A BEE A 7B E 3 s . B2
AHARAR R HL AV 25 05 KON ELIAL 1400V, AH&BAR He 8] 1
BEE A 145 mmo FHAR)Z 1T P BHXT R A9 HL AV
ZIEHI 9800 V, I F JZ IR 230 mm.

I3 PSM LI L AR Hy
Fig. 3 Structure diagram of PSM power supply

SCORBRER TS B UL, 9 S 2R ) B Oy 2.75
mo Ef— AR ER S T A2 0.8 m, HoR =
5B HER SO AR A 1.9 me e A R Y ) R YR A
BRAR AL A IR T A TG e s R

2 ANSYS#EFEBREFITERIE

Xif i AR PSM L VRS i, R 451 L TR AR B
R AT SR AN [ 4 DRI R B P A AT O AR MR A
T SHAR PR A 6T b o A FLZS o R P ANSYS 1k
IR AR R SR A Hh Sk 5 (v 1
HLIHERE , FARYE I RE S A R SE R T
SR b A LR

SRR R R W T IR X
L7 R At e W R

1

W, =—|e-
© T 27

1
2 p—
E°dQ = ZLS | Ve Id2 (1)

e e I BRI B BG E VR8RS s 0
YRR RAL; VIR T Ve RO
JE.

M (D) LA, HEREE T R 8 AL o)
Aiv, Al AR RIERERI AN e BT BROCIE AR, 48
BEAIX IR OFN 53 A2 BT X0, 70 3R
AN FATTHYRRRE IS FERORT, A 21 7B X B
R RERE(E", W (2) (B —HEwfa 3, JFses
Jo A% 1o R AR R A ) o

_ £ )
We—lequldQ:

S0 (5) Jae @

MR A AL AT DA L3k RE
H RS A A S R ().,

W, = —CU’ (3)

K CHHE; UM R, SRS
(4),

(4)

3 ANSYS{HEEESKi#

FEfF ANSYS SR L 750, Y R IE RGN
BWIFEEIARIE T, 7T LR H i RE R A H 25 1Y
Jidi o SRMTIMEE AR H 5 41 FE RS A H (5 A A
R, DRt Tk i A R R g e e i vk R A
SRR TR . X T NBLES PRSI, s 56T
LSS RGN LR, T R G AT 1)
ABdE . NBIHL R L& &6 5 19 HL 37 i RE RS2 3L T 100
kV 5 T 5 40 AT A TS 0, X6 T b Fe U5
F) L 37t BE PT LA TE 3 ANSY'S X B 375 A 7R FifE 5],
SR W B I B RE S50 100 KV 3 R A 20 A FRLZS 3%
FEAG ) T B T U U ke 4t A ) A i o

TINTH Y PSM HA Y5 <2 400 A 1 FH B i B8, 5SS
He et 25 546 % . AR 55 5 T B DR 45 4 A
Jai , ANSY'S FEAR ) L Y5 S ZEASERY G &) 4 i

5B TR = RS, R L AN R
AETEIGF i X B 20 mx 10 m x 15 m
(14 77 HE 55 Hb 1T 28 1l — A2 F AL R SR SR it



- 120 - 2 & B 8 I &

2013 4% 06 H

4 PSM AR
Fig. 4 Model of PSM structure

Rl FH #5 A5 HE 3 — 4 A% B0 SOLID 123 %] 43
K, SR T XA TR v g A F VRSB (14 S5 BT AR U
AR R AT, AP HE Y S B TT g LA, feJim b
BT HEA TSR A , 75 3] 45 25 (A F RS U 11 i 3 o0 AT
i T SRR IO A B N B
A7, 3 B U ARY (14 18 L DTV S REAR , WA — 2 A
RUPEBIA FL A A o A3 04 55 5 1 R PSR AR ) i e
PO UE S R

23111
11556

45222 59333
34667 57778

92444
80889 104000

Pl5 BRI A FL R A

Fig. 5 Potential distribution diagram of model profile

WIS H R LA 2 7 i3 fR A B fL A Y
Thimn, A IEURREBR o B 2 AN WIS K il X 4
AT R AT L R REEA TSR A AT AT RE AR Y
HLAERE , i i A R I R RE AR 6 iz

TSR E R AHRE N 1.568 61 T, 1% LAY Y
Gt RE T LLAE ALK 100 KV HL XTI 1 437 FLZS L iR
P (4) TAR B0 A 4 0 0.32 nF e IR HLIR |
g VR L A TS R A LR B RN AT LR
BT IR —— BRI b AR B B HR K
Y, ELURZE vhai RS M R R AT A 0 AL 0 A8 A i i

File

SUM ALL THE ACTIVE ENTRIES IN THE ELEMENT TABLE

TABLE LABEL TOTAL
VE 1.56861

K6 s e i e 7 e 25
Fig. 6 The output results of energy storage of the accelerator

power supply
BB AR RE R
4 Hig

NBI 2 P2 P o A i i SR A , 2 U
FT B WAL ) i et AS BB R Ao — i A, PR I 2™
&4 i NBL B U545 A RS A e o ARSI I
PR PSMHL Y5 45 1 HEL 5B B FL A7 AN B 19 R 0 K
PSM H1, 5 i fiE 5 500 100 kV B 3 A oL 5, I it
ANSYS B {H (5 FLARPF AT S8 555K A, 75 2 Ak
PSM HL B A4 40 A B 25, oA NBL &S FUR A 312 4
s TR TR

Sk

[1] BAKER W R, HOPKINS D B. Present and Future Technol-
ogy of High Voltage Systems for Neutral Beam Injectors[ DB/
OL]. [1978-01-27]. http://www.osti.gov/energycitations/purl.
cover.jsp?purl=/6462678-siMToR/.

(2] s, s, L B R s BT R ). M
JEHEAR,2010,36(5) : 1269—1274.

(3] 248, KNG (MG, 25 EAST h e AR RS ZR
B2, R R ,2008,34(8) - 1662—1666.

[4] FINK J H, BAKER W R, OWREN H M. Analysis and
Application of a Transformer Core that Acts as an Arc
Snubber({J]. Plasma Science, 1980,8(1) :33—38.

(51 XV, S AAR. )P 2 B 5 5 B 1 TR ik i L [,
SEBOL ST, 2000,21(9) : 1331—1334.

[6] #5%. HL-2A %8 NBI & [ Z w9 AT FE[D]. 200 - 4
hRHER,2009: 10—11.

[7] PRAEG W F. Overcurrent Protection for the TFTR Neutral

(F#% 124 W)



- 124 - ¥ & B & I # 2013 4F06 H
®1 BEREXENAMHFEEEREAR
Table 1 Composition of anti—static svstem in electrostatic safe rezion
J¥5 Bl 4P el Ik sERE
1 TAEG/TAL AT Az =i n] S 5V E N BLRC B FH B b IR A2 By i e A B i L T i <
2 WA ARG I £ S5 2R R A 1 B e RS R B T LR AT R Y Bt R 455
3 M T FIA 5K EA R G A A R s A B DG DX S B By i R
4 B LA T I e EL T [ P A Skt LS 7 P A ¥ 2 T L LI 23 R A AL B AP bR S T 1) e el P PR (LTS
7 7 SR
5 W E RGAPTEEYE S RE IR R LR R SRS A R G
6 mEEEA kIﬁiFﬁ*ﬁ¢fﬁFﬁ%ﬁ%§ﬁ%lﬁ$ElOS Q - m Ui e L, ANy e B R ek ook
B TAER AL RS
7 PREN B B NGB RCR, E Rl 2 B B R B B B R R O
S 3Hk: Rt SHFSE]. AR 2R (A AR L 2010

(1]

TN ZE, R I, ok T 4 el i e b e TV FH AL B
ST SIRIRATFE[T). Tolk 224 53M%,2010(5) : 43—44.

BRT& M, 2862 4. 2 SRR K Tl B4 5 i e AN

S AR JRRE#SHE,2010(3) : 32—36.
SRR, X430, 222500 , 45 RESD—1 A A A il Fi A 75

(5):157—160.

W RS HL KT S B B TS [D). B 50 g BB TR
2008.

HOHO, e, ol N AE AR R MR 22 kT & K
BRI, 24 FRE T, 2012,9(2) : 80—84.

ALEAEAEA A A LAt Eat Eatlat Lal L al Uat Fat Fat Fal al tal Lat Cat Cat b at Lal Lal Fat Fat Fat Fal Ll tal Lat Cat Fat At Lal L alt Fat Fat Fat Fal Ll tal Lat Cat Cat At Fal L alt Fat Fat Fat Al Al bal Fat fat Fat P at fal tal fat

(E#EH120)

(8]

Beam Sources during Spark Down[C]// The 8th Symposium
on Engineering Problems of Fusion Research. 1979:1260—
1266. (A1)

MAYHALL D J, SHIMER D W. Design and Testing of Low
Capacitance, 80 kV Source Cables for MFTF Sustaining
Neutral Beam Power Supplies|C]// Proceedings of 8th

Symposium on Engineering Problems of Fusion Research.

1979:709—713. ($ATE)
T, 2R, W EAST HPE s A S8 = R 2% nh s
ST SRIEOG SR TR, 2010,22(6) : 1374—1377.

[10] TAKEIRI Yasuhiko. Negative lon Source Development for

Fusion Application[]J]. Review of Scientific Instruments,

2010,81(2):114—121.

[11] Bek, f5id%. ANSYS10.0 Z5# 23 Hr[M]. Jb 5t . SE 8 Tolk il

fAt, 2006:60—61.



