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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 in the future. However, in this scheme, the increase of output voltage and the power
variation on the electric system are serious concerns for main magnets. At the same time, current ripple reduction is
required in order to increase the beam quality for the hadron experiments. We have been developing power supplies
which have potentials to solve these problems and plan to replace the current power supplies with them. The new power
supply system has following features. The number of power supply is twice so that one power supply drives half
number of loads compared with the current system. The power supply is consists of some choppers which are wired in
series. The energy recovery scheme based on the capacitive energy storage is introduced. Parallel connected choppers
increase the equivalent switching frequency so that the switching ripple is possible to be reduced by the filter. This
paper introduces the power supply system of J-PARC MR main magnets for high repetition rate operation.
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Table 1: Main Magnets of Main Ring
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BMi1~6 1.47 190 1570 26/58
QFN 2.93 86 710 2.7/5.6
QDN 3.46 86 710 3.1/6.7
QFX 2.39 88 730 2.6/4.8
QDX 1.75 86 710 1.6/3.4
QFR 0.57 77 640 05/13
QDR 0.44 75 620 0.4/0.7
QFP 0.20 77 640 03/04
QFS 0.30 81 670 03/0.5
QDS 0.35 110 890 0.5/0.9
QFT 0.32 95 780 0.4/0.7
QDT 0.37 90 750 0.4/0.7
SFA 0.42 23 200 03/04
SDA 0.41 19 160 02/0.3
SDB 0.41 19 160 02703

Power  Total Flat Base Flat Top  Output Voltage

Supply  Inductance Current  Current  [kV]2.5sec/
[H] at 30 GeV [A] [A] 1 sec
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Figure 1: Block diagram of current power supply.
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Figure 2: Block diagram of new power supply. The load
for each chopper is half compared with that of current
power supply.
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Figure 3: Block diagram of large power supply.
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Table 2: Specification of Choppers for Large Power
Supply
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Table 3: Specification of AC/DC converter
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Figure 4: Current pattern of BM. In the case of Arc-QM,
flat top is 800 A and flat bottom is 80A.
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Figure 5: Output and charged voltage of BM.
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Table 4: Capacitances of Large Power Supplies
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[mF]/ E& [kg] [mF]/ BHE [ke]

BM 110/ 1100 230 /2300

QFN 40/ 400 160/ 1600

QDN 90 / 900 360/ 3600

QFX 20 /200 100/ 1000

QDX 10/ 100 60/ 600
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Figure 6: Result of mini model test").

5. F&EH

J-PARC £V 7 O E#R LK OV E— AMERER
ooz, FEMOBREIT-ICHEET TS,

KA 2 2 0E LER 1L B4 O EES

BT 2L Eblc, BERASHIEET 2 v EGE
Fa v\ FEINZLIEHERICL, KRERMEEZES,
Fa v ROWHLERDY, KEFa v/ L FHE
Fa v RXTAMA VAT R AEGHETHZ LIZL
D, 77 v b by TEREEWAAL v F U TR E
EHCTE, WH7 4 NVZTERY v IV EKHTEE
Do
aryF oY ARG R LR —ETE R AR L
TEEOLEa T YOl TEHELYIRY T 5,
XoT, B OZBITIEIHRES O L 725,
EFa v O HBEEEFEEELZHEL, Th
FNORMENIME RN T arT U RREER
7,

TIA T F XU RO FESEGERER 21T,
EHM A RTZ ENTET,

SE X

[1] Y.Kurimoto, et al., “A Common Mode-less Power Supply
Operation with NPC inverters”, Proceedings of the 9th
Annual Meeting of Particle Accelerator Society of Japan,
Osaka, Aug. 8-11, 2012

[2] Y.Kurimoto, et al., “Hybrid Control of Low and High
Voltage Power Supplies for High Voltage and Low Ripple
Magnet Power Supply”, Proceedings of the 10th Annual
Meeting of Particle Accelerator Society of Japan, Nagoya,
Aug. 3-5,2013

[3] C.Fahmni, et al., “A novel 60 MW Pulsed Power System
based on Capacitive Energy Storage for Particle
Accelerators”, 12th European Conference on Power
Electronics and Applications, Aalborg, Denmark, Sep. 2-5,
2007

[4] T.Isobe, T.Takaku, T.Munakata, H.Tsutsui, S.Tsuji-lio and
R.Shimada, "Voltage Rating Reduction of Magnet Power
Supplies Using a Magnetic Energy Recovery Switch," IEEE
Transactions on Applied Superconductivity, vol. 16, no. 2,
pp. 1646-1649, Jun. 2006

[5] T.Shimogawa, et al., “Test demonstration of magnet power
supply with the flying capacitor”, Proceedings of the 10th
Annual Meeting of Particle Accelerator Society of Japan,
Nagoya, Aug. 3-5,2013

- 1021 -





