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CSNS RCS5\æ!à;^cóÀ>�O *
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³�9 �A /½�

(¥I�Æ�pUÔnïÄ¤ �® 100049)

Á� ¥IÑ�¥f (CSNS)¯Ì�ÓÚ\�ì (RCS)´��på6õÇ�f\�ì, RCS5\XÚ

´ò��\�ìý\��K�lfå6ÏL�l��ª5\�RCS�¥, 5\XÚæ^à;�YÚ�

�mæ!Eâ¿�¦æ!à;^cóÀ>ÑÑóÀ>6�eü÷U
�§S��, >æ^ IGBT

õÇ����ª�)óÀ>6, ^§S��>��½Å/, ÏL>�"��XÚ, ¦>�ÑÑ

Å/��>��½Å/, ����>ÑÑóÀ>6eü÷�8�. >ÑÑóÀ>6��lØ�

´æ!à;^cóÀ>���I, �
÷v�lØ��u2%��I, �¦ IGBTÿÀªÇ�u

400kHz. IGBTÿÀæ^ IGBT HxG¿é��ó���ª��©Ø!©6ÚJpªÇ��^. põ

Ç!pªÇ!¯���A�mÚ�Z��"��üÑ´æ!à;^cóÀ>äkûÐ5U�'�.

'�c IGBT Hx ��ªÇ D4¼ê �"��

1 Úó

¥IÑ�¥f�\�ìXÚd��\�ì

(80/130MeV Linac) Ú ¯ Ì � Ó Ú \ � ì (1.6GeV

RCS)|¤, EªÇ25Hz. RCS5\XÚ´ò�

�\�ìý\��K�lfå6ÏL�l��ª5\

�RCS�¥. 3RCS�¥, k8¬æ!à;^c, Ù¥

4¬´Y²æ!à;^c, ,	4¬´R�æ!à;^

c. §�©OGé¦^, �I���óÀ>°Ä, ù

ü�>´Y²æ!à;^cóÀ> (BHPS)ÚR

�æ!à;^cóÀ> (BVPS). æ!à;^có

À>�æ!à;^cJø�½ÌÝÚ/G�óÀ

>6, 4^c�^|UóÀ>6�ÌÝÚ/G�±Ï

5�Cz, ¦5\;�±Ï5/àå, ¦�f5\�

RCS�¥. å6��m>Ö�A´���\È6r�

�Ï�, �
~�å6��m>Ö�A, 5\L§

¥I�æ^��mæ!Eâ, Ó��
��þ!æ!,

7LÏL}Á��ª, UCà;�Cz5Æ, ���

Z�å6©Ù, ùÒ�¦æ!à;^c>ÑÑóÀ

>6�eü÷U
�§S��, ÏLUC§S5��

§�eü÷, é����Zó�:, ���Z�å6

©Ù
[1, 2]

. ¥IÑ�¥fó§©�.ÏÚ/, L1´

5\æ!;^cóÀ>�ëê.

L 1 5\æ!à;^cóÀ>ëê

BHPS-. BVPS-. BHPS-/ BVPS-/

EªÇ/Hz 25 25 25 25

þ,�m/µs 1000 1000 1000 1000

²º�m/µs 50 50 50 50

eü�m/µs 300-550Pro. 150-400Pro. 500-700Pro. 250-450Pro.

óÀ>6/A 13832 8205 17856 10593

K1>a/µH 6.16 8.52 6.16 8.52

K1Ú�>a/µH 3 3 3 3

��eü�Ç/(A/µs) 260 220 200 170

>a��>Ø/V 2399 2548 1855 1976

óÀ>6½Ý <0.5% <0.5% <0.5% <0.5%

�lØ� <2% <2% <2% <2%
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2 5\æ!à;^cóÀ>��O

2.1 >�Y�O

>  æ ^ IGBT õ Ç � � � � ª � ) ó À >

6
[3—6]

, ã1´>��nã.>�õÇ��£´d

IGBT HxG¿éÿÀ|¤, Hx�¿éå©6�^,

Hx�Géå©Ø�^, Ó�, Hx�å��ª��

^, Hx�G¿é�å�JpÿÀªÇ��^. z�

ã 1 5\æ!à;^cóÀ>�n

H xx:´dA�x:¿é|¤, å©6��^.

IGBTó�3m'G�, IGBTÿÀ�HxG¿é�

�ó�, þØæ^HxüÕø>�ª, HxSþ6æ

^x:�¿é, Hx�m�þ6æ^4���£´,

>��"��üÑ�'~Ú'~È©��, 	��

>6���, S��>Ø���¶^?¿&Òu)ì

�¬WE7121é�½Å/?§
[7]

, ò�½Å/�>

ÑÑóÀ>6?1'�, ÏL>�"��XÚ�)

PWM&Ò, �� IGBT»4>uóÀÓ�', ¦>

ÑÑóÀ>6�l�½Å/, ¤�É§S���óÀ

>6.

2.2 IGBTÿÀ��O

>� IGBTÿÀ� IGBT Hx�G¿é, 5�G

é�Hx����¬, 10��¬¿é, z�Hxx:

d4�x:¿é|¤. IGBT�½ëê�450A/1200V,

ù�>�±«É���>6�450A × 4 × 10 =

18000A, >Ø1200V×5 = 6000V, XJz� IGBTó

�ªÇ�10kHz,@o IGBT��m'ªÇ�±��

10kHz×2×10×5= 1000kHz, U
÷vL1¤«�>

ëê. >ÑÑóÀ>6��lØ�´æ!à;^

cóÀ>���I, IGBTÿÀªÇ��, �lØ

���, Ï� IGBTÿÀªÇ��, ��¡Å/�1w

��C�½Å/, ,��¡>�ÈÅ>a>Nëê

��, ù��lØ���. >>´�ýL², �
�

�<2%��lØ�, IGBT��m'ªÇ> 400kHz.

2.3 �"��XÚ

>��"��æ^²;��Ø, ��üÑæ^

'~Ú'~È©��, 	��>6���, æ^'~

��ì, Jp>�A�Ý; S��>Ø���, æ^

'~È©��ì, ~��Ø�. ïþ�"��XÚ

�¬��¦kn�: ½5!¯�5!O(5.

�âNd½5�â, XÚ½�¿©7�^�

´XÚ4�D4¼êA��§��ÑäkK¢Ü
[8]

.

ÏLO���>4�D4¼ê:

2.748×10−20s5 +1.096×10−11s4 +4.988×10−6s3 +0.4236s2+33.67s+504

6.545×10−28s6 +2.801×10−19s5 +1.108×10−11s4 +4.998×10−6s3 +0.4236s2+33.67s+504

Ï L O � � � A � � § � � © O �:−383920000,

−43590000, −340000, −120000, −59.5, −20

A��§��ÑäkK¢Ü, �âNd½5�

â, >�4��"��XÚ´½�.

ã 2 >4�D4¼ê"4ã

XÚ���A�¯�5�4�4:åJ¶�ål

k', ål��, �A�¯
[8]

. ã2´>4�D4¼

ê"4ã, A?�"4:´��ó4f, é��Ø�)

K�, C?�"4:åléC, �±w¤�ó4f, §

�é���K��±�ÑØO, B?�4:�Ì�4

:, åJ¶107(rad/s), ´åJ¶'���4:, ¤±

>��"��XÚ´¯��AXÚ.

O(5´��XÚÑÑþEyÑ\þ�°Ý.

�Ø�ess ´£ãXÚ�5U��«5U�I, ´

XÚ��°Ý��«Ýþ
[8]

. �Ø���, ÑÑþ

��CÑ\þ, ��XÚ�O(5�p. �Ø�:

ess = lim
t→∞

e(t) = lim
s→0

sE(s) = lim
t→0

sR(s)

1+G(s)H(s)
, (1)
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Ù¥R(s)�½Å/3�m���§ª².Ê.dC

��, ���Eª��§ª. �ý¥, �½Å/^4^

��[Ü¤, §´¢S�½Å/�4�/ª, U


÷v¢S�½Å/�4��¦.

G(s)H(s)m�D4¼ê. ²O�, >�½Å/

.¼C��§�

R(s) =
337028

s
−

246×106

s2
, (2)

G(s)H(s)�

2.748×10−23s5 +1099.2×10−14s4 +498.8×10−8s3 +0.4236s2+33.67s+504

2.517×10−29s6 +1.007×10−21s5 +2.285×10−15s4 +1.942×10−10s3 +3.822s2+1.588×10−6s
, (3)

ò (2), (3)ª�\ (1)ª��>�Ø�ess = 0.8A

2.4 >>´�ý

>  > ´ æ ^ MATLAB+PLECS ^ � � ý,

MATLAB�ý�"��XÚ, PLECS �ý IGBTõ

Ç��>´, PLECSi@3 MATLAB ¥, Ó�é>

´�ý. ã3�>ÑÑóÀ>6�ýÅ/, óÀ>6

13832A, IGBTÿÀ��ªÇ400kHz, ��eü�Ç

260A/µs, �lØ�1.95% ã 3 >ÑÑóÀ>6�ýÅ/
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Design of Injection Painting Bumper Magnets Pulse

Power Supply for CSNS/RCS *

SHEN Li
1)

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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