Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan
PASJ2015 THPO070

J-PARC XY VIV ERMEEBEHAEDT=HD NPC F 3 v/ DS

DEVELOPMENT OF NPC CHOPPER FOR QUADRUPOLE MAGNETS AT STRAIGHT
SECTION IN J-PARC MR

AREH N, BRI, Pl D, TIEE Y, =JH—# ", Younghoon Jang®
Yuichi Morita™*), Yoshinori Kurimoto®, Ryu Sagawa B Tetsushi Shimogawa®™, Kazuki Miura®, Younghoon Jang®
» High Energy Accelerator Research Organization (KEK)

® Universal Engineering
o Dawonsys

Abstract

Japan Proton Accelerator Research Complex (J-PARC) aims at achieving a MW-class proton accelerator facility.
One of the promising solutions for increasing the beam power is to fasten the repetition rate of Main Ring (MR) from
current rating of 2.5 sec to 1 sec. However, in this scheme, the increase of output voltage is a serious concern for the
main magnets. At the same time, current ripple reduction is required in order to increase the beam quality for the hadron
experiments. New power supplies (PSs) for the main magnets at the straight section which have potentials to solve these
problems are necessary. We have been developing a neutral-point-clamped (NPC) chopper as one of the elements for
the new PS. This paper introduces the design of the NPC chopper, and also reports test results.
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Figure 1: Block diagram of new power supply for
quadrupole magnets at straight section.
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NPC chopper units

Figure 2: Front view of NPC chopper.
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Table 2: Specifications of NPC Chopper Unit
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Figure 3: NPC copper leg.
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Figure 4: Circuit diagram of NPC chopper unit.
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Figure 5: Reference current of NPC chopper unit.

o *5*5 #4’1‘ Az . ,/"?‘*4* [ HN\
) WEF gy = im ©F s w @ P
o & = N L
3 % B g g B TR
-5 mcll-g gulingr cmcll
a < CIIL - _T |
it E E il i% D B 4% S B
S Es ks B "“*\ -
-\ i N
[#/ % %W\'—" % e _,_é" — 1 = -
s m ol w  m g m- im g
[ ol _ -
(-8 -syj[-& -&:]-8 +&]
@ - - L IRE; - o CIE) . . 2]
= "8 HES %I I% INR
B . E @@ | ES | ﬁ?}@ Ei
\e24]|[F4] Ni===:1 +M —w

Figure 6: Location of IGBT chips, diode chips, and water
paths. The red chips indicate the IGBTs. The yellow
chips indicate the diodes.

S1,54 52,83
000 2000 |
1500 1500 1
z z |
Z 1000 G 1000 e
k] E, . t L~ E
] ) 3 | i 5 |
soof 1 500 ]
ok [l .
00 02 04 06 08 10 00 02 04 06 08 10
Time [s] Time [s]
D1,D2,D3,D4 D506
2000 2000 T !
1500 - - : 1500 - |
E =z |
7 1000 1 ; Z 1000
Z N H ]
500 y A . S snuf
o | E ol— .

0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
Time [s] Time [s]

Figure 7: Losses of IGBTs and diodes.
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Figure 8: Heat sink model of finite element thermal
calculation. The material of the heat sink is aluminum.
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Figure 9: Thermal equivalent network.
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Figure 10: Temperature variation of IGBT chip in S1-4.
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Figure 11: Circuit diagram of DC capacitor.
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Figure 12: Schematic diagram of test facilities.
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Table 3: Parameters of Test
Load Resistance 8.7 mQ)
Load Inductance 12.9 mH
Output Current 350 A (Flat Top)
Output Voltage ~+10V
Charging Voltage 1500 vV
Capacitance of Bank Capacitor ~ 50.4 mF
Switching Frequency 5SkHz
Repetition Frequency 1 Hz
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Figure 13: Bode plot of filter"’,
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Figure 14: Reference current, output current, and charging
voltage of NPC chopper in 1 Hz operation.
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