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Abstract

Using a 3 MeV linac with negative hydrogen ion beam energy, multiple irradiation tests were conducted on tungsten
materials meeting the ITER requirements, in which temperature changes of heating and cooling were repeatedly given at

5 Hz cycles.

As aresult, protrusions and cracks were observed on the surface of the test piece using SEM device, which

were presumably caused by repeated expansion and contraction due to rapid pulse-like temperature change.
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Figure 1: Layout of the MEBT line of the 3MeV linac.
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Figure 6: The photograph of the tungsten shutter.

3. E—LEBHHER

FERHFABR Tl B — A= R /¥ —3 MeV, B — A&
54 mA. #5EL 5Hz BLOE—LP A X% —EIZL T,
B — 2L OLVABETZ 1 % 53 ps, 150 ps, 250 ps S LS
7oo ZHUZEY, ZEBEINDHEMOBA W22 2T,
AR R OB EIREET -, o, KB REO
BEZ LB X OBRE T ADE NI EZRIE LT,

3.1 RBRA R OWR N E

B — L)L AR 53 ps, 150 ps 380N 250 ps DFFOIR
FERE ORERAE RA Table 1 (2R, & RERBROD
AIFHIIA 21 FEE - Th D, B —L VAR 250 pus O
WRFOFER i R OY — IR E 3% Fig. 7 1R 7,
Figure 7 DY — 2785 AT N O BN R K — 7B K%
Y, EOERKRE—ZIREDGFTOIRERE4A Fig. 8
(27”7, Figure 8 (TR XOICE —2ZIREEIE 2530 °CH»
SRR R HREE EHIZ AL K 8 REHI DL EL
21 BEE121T 3170 °Cll7e o7z, B — A L RE
53 ps DGEIE K S RFRIB DL E LT, B — L7 VUL
& 150 us DAL, K9 8 K% O LE LTz, MG
R\ E bz —27BEN LR L-0X, FiEmica
BFAEL, BYRENIEL e o= 2 2 L5 DL HERIS L
b, Tz, BE—ZRENLELI-Z LMD, AR OERN
) 8 BTl Eo7- rIREMEDI Y, IO K K R %
1ToTC, BROEREAIZHOWTHRDLER DD,

PASJ2023 TUP45

Table 1: Main Beam Parameters and Temperature
Measurement Results

Test piece name ARDI5 | ARDI2 | ARDI3
Beam energy (MeV) 3

Repetition (Hz) 5

Beam pulse width (ps) 53 150 250
Peak surface temperature 680- 1640- 2530-
(°C) 710 1710 3170
Base temperature (°C) 30(BG) 80 350
Temperature rise (°C) 680 1630 2820
Number of particles per | 1.84E13 | 5.03E13 | 8.39E13
beam pulse

Total number of particles | 6.19E18 | 1.82E19 | 2.94E19
Energy flux in the area 0.14 0.38 0.64
where temperature was

measured (MJ/m?)
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Figure 7: Peak temperature distribution at 250 us pulse
width.
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Figure 8: Waveform of the
measured by the IGA740 pyrometer.
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Figure 9: Heat flux vs. radius of irradiation area on a test
piece.
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Figure 10: Trend of residual gas pressures and peak
temperature at beam pulse width of 250 ps.
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Figure 11: SEM image of a test piece after beam irradiation
at beam pulse width of 53 ps.
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Figure 12: SEM image of a test piece after beam irradiation
at beam pulse width of 150 ps.
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Figure 13: SEM image of a test piece after beam irradiation
at beam pulse width of 250 ps.
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