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Abstract

This paper describes the improvements achieved in the impedance matching circuit for the 1.3 MW beam
operation of the Japan Proton Accelerator Complex main ring injection kicker magnet. According to previous
studies, maximum surface temperature of the resistors will be exceeded 350 °C due to the joule heat of both
pulse excitation current and beam induced current during continuous 1.3 MW operation. In this regard, the
number of paralleled resistors was doubled, and the volume of each resistor was enlarged 4.5 times to lower
the temperature of the resistors under the higher repetition rate pulse excitation. In addition, the resistor
cylinders were filled with ceramic-based beads of 3 mm diameter to increase the heat conductivity. Moreover,
an aluminum-made water-cooled heat sink was attached to the resistors directly, and an air-cooling fan was
mounted on the side of the box containing the resistors. All resistors and their support structure in the matching
circuit were replaced in May 2022. The temperature increment of resistors during continuous pulse excitation
with 1.36's repetition rate was measured using a thermography camera, and the measured value was compared
with numerical calculations. Finally, the prediction results related to the beam image current obtained with

the simulation model were discussed.
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Flgure 2: New matchlng boxes before attachlng the
cooling fan (a) and after (b).
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Figure 3: Waveforms of the excitation pulse current
for original setup (blue) and new setup (red), which
are normalized to the flat top value.
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Figure 4: Temperature of the resistors of the coil side
for heating value of 324 W. (a) Maximum temperature
at the center of the resistor unit. (b) Temperature of
the resistor where a thermal label was attached. (c)
Picture of the thermal label.

5. ER
5.1 [EHRIZ & 5 HPIE o Nz

Figure 5 {2, CST Studio Suite {Z 3 % Conjugate
Heat Transfer Solver 2 FH\N, 324 W Tkt EF D
EHigs D a1 VA D REIRE OB R 2R
T, OST TIHHAKIZ LK 2 WHIDEHE D K72\ W 28
KET VI =YV TI120W DERELRH LD L L
TRHE U 7z, I TIEAUNEE Y 102°C TH - 72D
WXL, ETATIH I CTHo7, T/, Y—F
TRV ERM U7 Tk, JIED 94.2°C IR L.
ETIVIE 84.2°C TH o7z, ETIDMHEIHIEMHE L
DAKRWER & LT, EHISABICAELZE T Iy
JHOVY —ZXAHRHEE UTETNVIZHARENT WL
e, 5 3Iv o — Xt oEMBEEAE ST
NTIREZEREINTVWRWED 2O0HBLEZITNY
5, UL, REEEOFHKEE L LTE+2TH
HE¥WL, ZOETIVEHAWT 1.3MW EHERFD
BEERE2FHTEZ I,

5.2 VY —ALEBHRIZ LB EPIEOINE

INET, &SIy POERFHOB, v—A4IZ
X BFEE L U THEM»S PR 200W 12224
BEMNITTZ600W EWSEEZHWTCE 2, L2,
Z DREEEUNIMMEH BRI D 5 72, & - TEHHEL
VIalb—varvERAWTTREOKGEE L B2 Rk

DFE YT VT%%T% iz, K& m%%
¥— Aiﬁ%/ﬁ BHarzERETSE, V—LE
WEDBIGIZ L D1 A —VEFK L, M%L$5$%

EE(}IL.ﬁVJILﬂé A A —=VERDIEFIL, beam pickup

249 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 FROBI11

Figure 5: Comparison between (a) CST simulation
and (b) measurement by the thermal label attached
on the resistor.
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Figure 6: (a) Simulation setup modeled on the CST
Studio Suite. (b) Waveform of input beam current
(black) and image current of resistor for the coil side
(red) and the capacitor side (blue).
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Figure 7: Beam position dependencies of the average
power of each resistor units. (a) shows the vertical po-
sition dependency and (b) shows the horizontal. Both
plots are normalized to the value of the center (i.e.
x=0 and y=0).
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Figure 8: Simulation of the average power of the load1
for three different bunch length settings with £30 of
300 ns, 350 ns, and 400 ns, respectively.
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Figure 10: Estimation of resistor temperature for
1.3 MW operation. (a) shows the input power depen-
dency without cooling fan. Parameter f indicates the
safety factor to consider the uncertainty of the beam
induced heating value. (b) shows the wind speed of
the cooling fan for 1.3 MW operation. Dotted line
shows the temperature limit of the resistor (Tiimit)
for continuous operation.
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