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Abstract

The accelerator system at The Wakasa Wan Energy Research Center consists of a Cockcroft-Walton rectifier type
200 kV ion implanter, a Schenkel rectifier type 5 MV tandem accelerator, a 200 MeV proton synchrotron, of which
injector is the tandem accelerator, and 5 and 3 beam lines dedicated to the tandem accelerator and the synchrotron,
respectively. The tandem accelerator is used for all experiments except for the use of the ion implanter, therefore, we have
focused on the stable and continuous generation of the acceleration high voltage in the operation and maintenance of the
tandem accelerator. Although the acceleration tubes and insulation column sustaining the tubes and the high voltage
terminal has withstand voltage of more than 5 MV, the apparent power of the RF driver for the generation of acceleration
high tension has often reached rating of 60 kVA and caused trip of RF driver following the error of the grid driver of the
oscillation tube. The system of the oscillator and Schenkel rectifier forms a kind of DC-DC converter using a triode as a
switching device, where the DC bias is ineffectual power for the generation of the acceleration voltage. In order to
generate only RF component, we introduced new RF driver adopting half bridge converter using transistors as switching
devices. By using new driver, it takes only 18 kW RF power to generate the acceleration voltage of 5 MV. In this report,
we will present maintenance of the withstand voltage performance of the acceleration tubes and supporting insulators and
insulation structure and performance of new RF driver.
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Figure 1: Schematic layout of the accelerator system at
WERC.
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Figure 2: Tandem accelerator.

Table 1: Specification of the Tandem Accelerator

Generation of HV 58-stage Schenkel rectifier
Max terminal voltage 5 MV

Max conveyer current 1 mA

Voltage ripple 2 kV@5 MV

Insulation column UNILATE®

Insulation gas SFe 0.6 MPa gauge

Accelerator tube glass(borosilicate)—metal (titanium)

organic bonding

Charge exchange Ar gas stripper

recirculation and concentration by
4 TMP’s (50 L/s/pump)
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Figure 4: Examples of discharge mark. Upper picture
shows the discharge in the insulator and the lower the creep

discharge on the surface of the insulator. Both the
discharge cases caused burnout of the diode stacks.
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Figure 5: Discharge on the surface of Schenkel column
(high energy side column). Such discharge by-passes some
rectifier circuits, which act as damping resistors for the
resonance circuit of RF coil and RF electrodes (top). Q-
factor decreases and resonance current increases. Finally,
over current error is activated and trip the RF driver.
Sometimes before trip of RF driver, the shorten circuits are
burned out (middle and bottom).

BANEZ BND, B —llaT L5 R, #
AF—RRZ 7 NBRFRHL, OIS /> R, 2
IO DOIRPUEI T EE AR R =D E I NS, KT
BEOIXHHSXE M2 HIHNTTHETHEEEY o
TN AT D — AL &2 1d0° %,

HAF—R ALy 1 BHIZDOESUE I Ik
T HIEUER 2D E A1 0.9%NICEHSN TS, Fiz.,
FAF—RRAZ S 7NIET Z7UNVAEFRAR i 14 Hox

- 896 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

AF—R&E 14 FORRITRFIAEIIL TS, AF VTN
TORMEZHER T, IRPUEO EEME IR DI e
TRZDEIEIL 0.3% R EITEEHIN WD,

R ¥ —a7 D4y El ?EE# X 2 SOEHRIC
BESND, HAED R TIZETOSEIRGULS Hﬁéh
BHUEL I ET 5, RETE ODmb%@é:ﬁb%@%ffE?f
BB DHTEIY, AR DIE R ZE O E 51X
0.1%LANIZHNZ BV TV D,

TR 73 BT TR PUAR 3 T O B~ HLY
R 5% 2022 A8 B L7228 HRPUE O S %)
T O ZDOE S 0.4% Th D,

B R FITEED RO L, BT 52 ST S
H UMK A~D AR AL R LT DI TS,

iz, MR RITEER G ENT DI 70> TND, #Ef%k
EYRCTE T OEEEZE L IBEDOEWIZESIK
FUEDIZHSE AT 2N IS TVA,

3.4 REEEROER

K F A OMRIR DB E LN DOREDT=D | B
&R F BT BN EIRIRDOIREX v 7
TS5 0] 4D EDICFRE L CTdD, B I D HEIR <

Ga L IR FEER LS WEOUFELRVIDD T,

WHEICIVERETDEOICL TS,

35 R

F T O¥ I X DA% E Y _E OB AT DY —
{EDOEDFAE 2016 LEFED HIRNDHIT > TUD, Hafk
&Y EOERITR LN, 5 MV OHEL
2016 4EFE T ATREL 72072,

4. RF RIRFBEH

4.1 IH3EIES

Figure 6 (Z 2023 £ 1 HETHWTWRIRZRO T
Ty IR AT T T AR, REEIEN VA =L a|
KECTEOILEZME LA T VT RBTETHTHT—
K% DC-DC a2 =% —Tho, AL vF 7 JEHE LI
KH DR IR RTO FEPLIFEFRHFEIERR) OFMT T 28
PG EA, RF FF A 1 IRIAMZIE 2 IRaAL
OIIEBRICHEINIBENEAET IR
(a7 T 5ICA BB AR A T — X —BRE) T3
Do X—IFNVEBILIFANY T T DT 2a—T 41— A&l
I HZLETIIETS,

RF Xformer Schenkel Rectifier

| requen
phase lacked at resonance il o
detector j

Figure 6: Former RF driver and Schenkel rectifier.

Figure 7 1% 2023 4£ 1 H 4 A% DOERRT 5 MV %
EEATHTEN TE L&D, = WE 7'V —N&EE, RF7

PASJ2023 FRP23

VAR AA N TREBEERB IO L —MERERL TV D,
T —NEWMILTT 2—T 4 — IR U= OV AR THDY

1R A L s :@ib?yxzwﬁmjﬁﬂi@ﬂélﬁlﬁ%&:?ﬁ
NAHIIEERICH TV L= RF BENEAETDL, 7

L —NER OV ABIZEE [’ 5 & B S EE L
TWB, IAJVET B G FAHE I ILER D 60 kVA
WL TWAIENR DD,

Figure 7: Current through the primary coil of RF
transformer, the voltage of plate of the triode and the
voltage between both ends of the primary coil at the
generation of terminal voltage of 5 MV. The primary
current is displayed in green, the plate voltage in blue and
the coil voltage in orange. The units of current and voltage
are 0.25 A and kV, respectively. Coil voltage and current
is 5.62kVrms and 10.68 Arms, therefore, the apparent
power amounts to 60.0 kVA.
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Figure 8: New RF driver and Schenkel rectifier.
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Figure 9: Comparison between resonance currents of old
(a) and new (b) RF driver at generation of 5 MV.
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