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BRI o RN EEAAR, AT HARERZNT2% W4, ERIGBTHIMAR AT
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FAUAE, LR LK I B S 42 et FLL R 14 i 2 AN TR A 40

rh [ S R TR 16 0 g R 40 el TRk A%
(80/130MeV  Linac) 1 PR 7 FF 7] 25 in k2% (1.6GeV
RCS) 41 i, T E W% 25Hz. RCSTEAN RL AW 1
S T THC A TOUI T 119 7 S 1 R g 1 A
FIRCS A Hh. fERCS I, 7 8 Huyrk ik,
A HEACPIRER N PEER, 5) Ak 4 B T B R U
B e B B A, A5 T B Bk p FL R B, X
W 5 L5 KPR ™ PURE Bk ik rp YR (BHPS) A4
ELR PR R K e F YR (BVPS). ¥R K™ SR Bk ik
T PR R A o I K R A R RN TR R P ik

PERIAR AL, AEVE AN BUOE P R, AT AR
RCS PR JRUR K 25 [ VLA 200 A2 PRI SR AU 54 1
FLEAER, 79 AL R 2 8] WL ar O, Y E N R
HR i R A A (RO, [N T 43 B 200 4K,
WS K T 3K, SR BN AR, 45 B i
AR AL A1, S SR URA M PR Bk B U Bk o
HLJL AT B R R o4 o, U el SR e P ol o
EIR R, B A SR AR AL A5 R AR
oAt A R R LR T WAL, 1A
TEANURIRPURE R LIS I S 4

S SN W W77 L 7R 37N TS ERTIE

BHPS- 1 BVPS- 1 BHPS-1I BVPS-1I
TEEMNHE /Hz 25 25 25 25
T /s 1000 1000 1000 1000
SETR ] /ps 50 50 50 50

N BB 1) / s 300-550Pro. 150-400Pro. 500-700Pro. 250-450Pro
i QLI TWIN 13832 8205 17856 10593
fdg HLER /uH 6.16 8.52 6.16 8.52
Gl yms| 3 3 3 3
BN /(A ps) 260 220 200 170
HE R KR/ V 2399 2548 1855 1976
Jikrh FRL R AR R S <0.5% <0.5% <0.5% <0.5%
BREFIRZE <2% <2% <2% <2%
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H By 58 J2 th JUAS B B B 4 B, 2 0 9 1 A .
IGBT TAEAEIT R AS, IGBT 4 1 0 H A £ I B4l
FHTAE, ¥ 1R H A sl gl v o7 50, HOMR I 3 3R
FHM R (1) IR B, HLAr 2 8] 149 380 9 SR FH P R 42 ol [l e,
FEL YR P 5 Tt s 1) S s Ay LE B RN L B 43 4 1 AR 3R

SR % £t 1B S EE N G E AR 1 N E R R VX R B
R WET121 % 45 52 B an BT, 4545 52 B 15 L it
i bkl R R REAT R, A I SR B R R G R
PWM 55, £ IGBT Ak fik A fik b o 23 LE, A il
i L I PR B R A S WO, RS2 R R ik e
HLR.

2.2 IGBT#R#MEYIEIT

HLE I IGBT 4640 0 IGBT HAEF) H 3FEE, 54
R HOMR R — AN AR 10 AMBEER IR, B4 HMR A i
4R IFIRZL . IGBT 4iE 2504 450A /1200V,
TR HL Y5 AT B 52 1) e K LI A 450A x 4 x 10 =
18000A, HiJ% 1200V x 5 = 6000V, @1 4N IGBT T.
V5% Ky 10kHz, 5 4 IGBT 25 2% JF %45 % 1] LAk 5]
10kHz x 2 x 10 x 5= 1000kHz, Wi /% 1 B (1)
PESH YR K H A T R B 2 S VR R L
BRIk HL R K TR R bR, IGBT 4R MR, IR ER R
ZE/, B IGBT $h MoK, — 7 T RO
BRI 45 € PRI, 53— J7 TR IR 8 L i 2 2 4L
N, IXREIR AR SN, YR T BRI, O TIA
< 2% IR EEIR 2, IGBT 24 200T 4% > 400k Hz.

2.3 RIBRIEHIRSE

FL YL FAY S A R P 2 s ol 8, 7 ) SRS R
ELART EL AR 3 P21, SRR D gt g2 B A, SR B A5
PR, P L O RE s R R IR, SR
IR 2 4%, J AR IR 22, T B IS R
BRI SR =AY RUETE . PRadE . HERRPE.

R 57 B MU, 2R G AEUE A 7 70 e B AR A
FE RGP E AL 396 50 B IF U5 R O B S s,
T TS B ALY AT I 3 R

2.748 x 107296° +1.096 x 10~ s* +4.988 x 107%s% 4+0.42365%+ 33.67s + 504

6.545 x 102856 +2.801 x 1071955 +1.108 x 10~115* +4.998 x 1076534 0.423652 + 33.67s + 504

T3k vE S AT B0 RR AR U7 R AR 2 ) A —383920000,
—43590000, —340000, —120000, —59.5, —20
REAE 5 T2 (AR L A 7 SIS, AR 7 307 A e 1 )

ARG IS S 3 1 bR g P AR B R il O
A7, BEBEROC, iR RS 2 2 e P B A 3 R
BRI, A AR Z AR AR AR 1, X AN
S, C AR A B BRI, W LUE BN T, B
ATTXH ISk PR S M AT L2 AN T, B AR AR Ol A
A5, BRUREA 107 (rad /s), o B R Sl b B g AR A, BT A
FLSE ) B 547 2R G0 BRI i [ AR 4.

HER L2 RS I AR gkt i R B A A\ R K T
FREIRE e, EMIB RARSVERN—FiPERE AR, 2
RYAEHIRE RN — PR ™ RS RIEBUN, e
B AR, R SHMER B, RARRE:

L L L sR(s)
€ss = tlgg e(t)= £1£I(1)SE(S) = lgm . (1)
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Forb R(s) 25 %€ BOBAER A4k 1K) 5y RE R p i Ay S IRASH T RE A
Hom, A2 iR, G BIEH 4% 337028 246 x 10°
FLAAUATI R, &t brg & BB IRTE S, fig Rs)=—————73—> (2)
T AL S P 03 5 T (R AR PR SR
G(s)H (s) FEAEIBIEL. Zil58, PG EsE | G(s)H(s) N
2.748 x 1072355 41099.2 x 10~ **s* +498.8 x 107853 +0.42365% + 33.67s + 504 ’ 3)
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5 L % % HI MATLAB+PLECS % 1 1) 2,
MATLAB fjj 5 J i ¥ il & 48, PLECS {/j L IGBT )
RN LM, PLECS i E&1E MATLAB H, [F] B4 HL
P . T 30k PR P R B T, Bk LR
13832A, IGBT #i #1545 25051 %6 400k Hz, 5 K B %
260A /ps, ERERRZE 1.95%
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Design of Injection Painting Bumper Magnets Pulse
Power Supply for CSNS/RCS”

SHEN Li” CHI Yun-Long HUANG Chuan TANG Jing-Yu
(Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract The China Spallation Neutron Source (CSNS) Rapid Cycling Synchrotron (RCS) is a high beam power
proton accelerator. The task of RCS injection system is to inject the negative hydrogen ions coming from linac into RCS
by stripping method. This power supply demands that its output pulse current falling edge be controlled by the program.
The power supply uses the IGBT power amplifying method to generate the pulse current and makes it follow the setting
waveform by the power supply’s feedback control system. The tracking error is one of the important specifications of
the power supply. To satisfy the tracking error less than 2%, the frequency of the IGBT topology requested is more than
400kHz. The IGBT topology is connected by the IGBT H bridges in series and parallel, and works in the phase shifted
method to divide the current, the voltage and improve the equivalent frequency. High power, high frequency, fast speed
response and optimal feedback control strategy are the key to the good performance of painting bumper magnets pulsed

power supply.
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