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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 flying capacitor method to produce the high output voltage
and return the capacitor energy with magnetic energy. However driving power supply with the flying capacitor method
needs to establish the charging method of them in each pattern. In this article, we report the test result of magnetic power
supply with the mini model of the power supply using the flying capacitor method.
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Figure 1: The mini model of the power supply.
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Load (magnet x8)
L=12.9 mH x8
R 8.7 mQ x8

F1gure 2: Picture of test bench.
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Figure 3: Schematic view of main circuit.

RLU-EMA 8B

2.2 IR

I O & X % Figure 4 1287, HlERIZ, Fi
AD I FOIINT 4 — BNy 7B SRS,

74— RNy 75 J-PARC D ERGAFE IR ICBEFE
RPN TH D, Field-Programmable Gate Array
(FPGA) £~ Z7mvavitu—F (MCU) »oiERIE
Tw 5, FPGA T3, &Eifi/N¥ — v DiiAEEE LU,
ARl S N7 KT — 7 OIS, MCU ~NDORXEFE%21T9,
MCU Ti&, B E, BERAEES X OGHIl S 17z
BT — & 2 BB AT L, BIRANDOIE S EDFH
P, N TOZMITEITY ., SO =€ T ILER
DYG. 52 EHoNY — v LA Bl DCCT i
X ’)“Cfﬁﬂﬁéf NI B R % s, B (ER 7 4 — F
Ny (IFB)) i%*ﬁA{ﬁ%ufﬁ—g—% F 7=, %774
¥ 7 X vy F ORGEETAL & B RS — v 0 HEHRE
NBELNY — v 2o TEIEGIM (ELE74—F 74—
7—F (Vrr) QEDJZU‘, BIE74—FXv o (Vg)) IZ
X 2T 5, FHE SN BIEAEIZ. MCU
IZHEH X 41T V> % Pulse Width Modulation (PWM) F&HE

EANC L L, A e L,

F.B. board
V@ CqP (FPGA + MCU)
FPGA | daas | MCU
| pattern
DCCT calculation
Ipattetrn PWM
external trigger
(parameter input, pattern, emergency stop
DAC ] [ DAC }

G

[ monitor output J

Figure 4: Schematic view of control unit.
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Figure 7: Current (magenta) and voltage patterns (Cq,p (cyan) and Cgyn (green)) and measured current (blue) and
voltages in each capacitor (Cpank (gray), Cayp (red) and Cgyn (orange)) in 1 shot and continuous 10 shot drive with Iy g,
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Figure 5: I pattern and V pattern in this test.
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Figure 6: Control block diagram in Ip 3. + Vr F..
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Figure 9: Current (magenta) and voltage pattern (Cgyp (cyan) and Cqy (green)) and measured current (blue) and voltages
in each capacitor (Cpani (gray), Cayp (red) and Cgyn (orange)) in 1 shot and continuous 10 shot drive with Ir 5. + V. r.
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