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Abstract

A new secondary production target system for 95 kW primary proton beam in the Hadron Experimental Facility at J-
PARC is now under preparation. The target made of gold is located in an airtight target chamber, which is filled up by
inert helium gas at 90 kPa. The most important function of the target chamber is airtightness in order to confine
radioactive materials produced and accumulated in the target. Since transportation beam line is kept in vacuum at the 1
Pa level, a beam window is necessary between the chamber and the beamline vacuum duct. Since the proton beam
directly passes through the beam window, high thermal load together with gas-pressure load are applied to the beam
window. In order to keep appropriate design-safety margin, we have adopted beryllium metal for the material of the
beam window, as reported in the previous annual conference [1]. However, since the beryllium is a toxic substance, a
partition wall should be equipped to prevent scattering of beryllium fragments in the vacuum duct even if the beryllium
window is broken. In this paper, design and examinations of the partition wall are reported.
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Figure 2: Photograph of a new airtight target chamber for
the 95-kW primary proton beam.

2. E—LBREFILEEDRE
2.1 FEREIZROMEE

BRI OMEAN % Fig. 31077, —REFE—2A
PN T DR AR O FREEE /7 13 — L% (beam window)
EREIEAL, IO BV D E W THDHIEND | R
AR DEEAVEITEE I — DB DA MEDN R D HZ
L7 D, BERIR AT AT (faxHETHI 90 kPa) D~V
DA AZFELTEY . E— LT NTEZZD DK
0.9 [RIEDEENE —LRBICAMESNLZLERD,

WSO, W ROV TIEARUY 7 A8
E—ABEBRHATHIEEL, B BT EREATEICHL
FEIGTLL T THD, LNLRBNS N —HR LS54
1, XUUT LD NEZEX IR A~TRECT D2 LT
b, 2T, AN LT D720 OWEEEA R T 72508, &
VEETHD, T2 T, Fig. 3 lORTE), E—LRIVE
ZENZH D 18 DOFRREZ BT B D IO AR AR
TV R T AL,

Downstream
beam-window

Upstream
beam-window

1=
helium gas(0.095MPa)

vacuum
primary
proton
beam
! | %:
]

Upstream '“I—L_F i
partition-wall | | Yﬁﬁ } ¥ Downstream

ih_’—"'—’: partition-wall

Gold target

Figure 3: Schematic drawing of the new target chamber
with the partition walls.
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Table 1: Candidate Materials and its Properties

Material Density  Thermal  Young Ultimate
(g/em) conductivity modulus strength
(Wm/K) (GPa) (MPa)
Carbon-fiber 2.1 120 520 3830
140)
C/C composite 1.6 120 70 100
(FS140)
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Figure 4: Tensile-test species made of C/C composite.
The left and middle photographs show before and after
the tensile test. The right figure shows a von-Mises stress
distribution just before rupture, which is calculated by the
LS-DYNA.
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Figure 5: Results of the tensile tests for the C/C
composite, showing displacement vs load. The blue
dashed line shows an output from the FEM model, which
is reproduced the average data of three tensile tests.
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Figure 6: Results of the von-Mises stress calculation as a
function of thickness for the ¢428-mm C/C-composite
disk by LS-DYNA, in which the load to the disk is a
differential pressure with 100 kPa.
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Figure 7: Photographs of the carbon-fiber fabric. Two
sheets with a different phase are piled up and clamped by
stainless rings with bolts. Left figure shows a photograph
during being clamped and right figure shows after
installation on the test flange.

Figure 8: Photograph of a prototype of the C/C composite
disk. The large-diameter disk with 2-mm thick was
successfully fabricated with enough machining accuracy.
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Figure 9: Photographs of an experimental setup for the
ceramic-debris inrush test.
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Figure 10: Photograph of the carbon-fiber fabric after the
ceramic-debris inrush test. Rupture area can be seen
around inrush position. The 30% ceramic debris were
penetrated to the opposite side.
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Table 2: Results of the Partition-Wall Examinations

Carbon-fiber C/C composite
fabric (two layers)
Thickness | 0.3mm(284g/m?)| 2mm 6mm 8mm
Productivity Passed Passed | Passed Passed
Inrush test Passed Broken | Passed Passed
by air
Inrush test Passed — Passed Passed
with Iron- (no penetration)
balls
Inrush test Broken — Passed Passed
with the
ceramic
debris

WIZ C/IC AL Ry "D Bl OWTCERIR T2,
JEX 2 mm OEGAIL, KAZEAREBRO 1118 H Tl
72 ZAUX Fig. 6 @ FEM FHEMNDITZ S ERENZ
5o JEX 6 mm & 8 mm F, KERZEA, HHERZZ AL
YIIVvI R OEANRBRETT R TIIT LIz, EHIT 6
mm ([ZOWTIEAE 10 BovI3v7 g Nikiae =2
MEL7223, Fig. 11 IR TIDNTHEMT 52 L7 FFb 27
ZDTENTET, BTIv 7 s L& b o5
WINSWE NI NN, R E IS KT
FTHARX(RES, TS TR -T2, KRBRIZB W T
1, BRI A NI T HO T 4 VA E % E LT
723, IR FEDORE oMy BEZ2 S I I B AL S R o 7o 2 e
5. B2 2 7 MAI~D BT AW b RS T,

LU EORRERAE R0, BREBELL TIL, C/C av ARV yh
MOWE 6 mm LLEBRFCEAHZ LN IRENTZ,

Impact -point

Figure 11: Photograph of the 6 mm-thick C/C-composite
disk after the ceramic-debris inrush tests. The close-up
photograph shows an impact point of the sharp edge of
the ceramic debris.
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Figure 12: Photograph of the new airtight target chamber.
The left figure shows the beam window made of
beryllium, and the right figure shows the partition wall.
The metal-sinter filter is equipped on an evacuation hole.

5. Summary
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