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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. We have considered that the energy recovery scheme based
on capacitive energy storage is one of the best solution to compensate the power variation induced by a magnet power
supply. In order to achieve the idea, we have decided to innovate the floating capacitor method to produce the high output
voltage and return the capacitor energy with magnetic energy. However driving power supply with the floating capacitor
method needs to establish the charging method of them in each cycle and initialization. In this article, we report about the

recovery control of floating capacitor.
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Figure 1: Overview of power supply with floating capacitor
including control system.
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Figure 2: Control diagram of power supply with floating
capacitor.

_ - 1300 __
> 140} 1 <
& 120L . Voltage drop (~5Vicycle) 250 £
g LN e TT— ] =
§2 1 ()() E"i [ '1 .‘ 3 :,_—3 ::Ai? ;;;v<-’ F 22()() Eg
3] - | YR =
S 60 ’ S o
< - Ve, 1 114100
© 40 |out { I ]

20F

U \/ U \
OO

t [sec]

Figure 3: Test result of driving power supply with floating
capacitor by feed forward control.
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Figure 4: Example of referenced current (I,..y) and refer-
enced voltage (V,.r1,3) for chopper 1,3.
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Figure 5: Schematic of recovery control.
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Figure 6: Control diagram in recovering floating capacitor
voltage.
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Figure 7: The schematic circuit of power supply with float-
ing capacitor.
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Figure 9: Schematic view and picture of PWM control unit.
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Figure 10: Test result of driving power supply with recov-
ery control.
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Figure 11: Initial charging with recovery control (left) and
duty of gate pulse (right).

5. &b

J-PARC MR D7Ei# D il LALIC i <, FEBAOHTE
FHoEEEETH2 70 =74 v 7 F v 307 RO
TR Lz, B, Ny 2 avFrydBEoRE
FETH BNENIEZMSL L2 T, 7R —T 4 v
XY XY HFROFETH 5 AT NNy 72 v T
VY ORBBILOLENE L O, WHARE S EDMELIC
%%Ltoit\7u—r4zﬁ#?/y&ﬁﬁ@ ﬁ
BT, ZOMAERIE & DR L 2EE T B
JBAERLZE O ] 6] ﬁ*ﬁj*c FTWw3 It Mﬁiutfm
%, I5I12, X hEEE, {/lh@l_ ZBWTH, A

&ﬁLtEiﬁﬁ%@ ETHRE LAYy Ty

HETOMEIETE 5 Z & Mﬁwt’cb% (71

Output current [A]

SE 3R

[1] Y.Morita, et al., “POWER SUPPLY SYSTEM OF J-PARC
MAIN RING MAIN MAGNETS FOR HIGH REPETITION
RATE OPERATION”, Proceedings of the 10th Annual Meet-
ing of Particle Accelerator Society of Japan, Nagoya, Aug.
3-5,2013

C.Fahmni, et al., “ A novel 60 MW Pulsed Power System
based on Capacitive Energy Storage for Particle Accelera-
tors 7, 12th European Conference on Power Electronics and
Applications, Aalborg, Denmark, 2-5, September, 2007.

T. Isobe, et al., “ 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, June, 2006.

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

Y.Kurimoto, et al., “Precise Current Control in Accelerator
Magnets with a Digital Feedback System ” , IEEE Transac-
tions on Nuclear Science, vol. 61, p.546-552, February, 2014.

T.Shimogawa, et al., “ Test demonstration of magnet power
supply with the floating capacitor method ” , Proceedings
of the 2nd International Symposium on Science at J-PARC,
Tsukuba, Jul. 12-16, 2014 (will be published)

Y.Morita, et al., “Prototype Development Of J-PARC Main
Ring Mam Magnets Power Supply For High Repetition Rate
Operation” , Proceedings of the 11th Annual Meeting of Par-
ticle Accelerator Society of Japan, Aomori, Aug. 8-12, 2014

(2]

(3]

(4]

(3]

(6]

(7]

- 684 -



