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Abstract

At the J-PARC Hadron Experimental Facility, a new proton beamline at 8 GeV is currently under construction for
COMET experiment. Since the pion-generation target is located in the center of the solenoid magnet, the radiation level
is expected to be very high around the magnet downstream. To reduce radiation exposure to workers, we have developed
a large-diameter all-metal pillow seals for vacuum connections around magnets.To fabricate a pillow-seal with an outer
diameter of 1400 mm, a stainless-steel plate with a diameter of 1500 mm and a thickness of 0.2 mm is required, but it is
not able to procure such a large “seamless” plate. Thus, welded plate was adopted for the large-diameter pillow seal. The
fabrication of the large-diameter pillow seal was successfully carried out as designed, and subsequently vacuum tightness
was measured with a newly constructed test bench. In this paper, results of the vacuum tightness are reported.
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Figure 1: Drawing of a large-diameter pillow-seal and a
solenoid magnet with a radiation shielding unit.
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Figure 2: Schematic drawing of a pillow-seal.
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Figure 3: Drawing of the large-diameter pillow-seal. The
pink and blue lines in the left figure show the weld seam
position of the diaphragm. The unit in the right figure is in
mm.

Figure 5: Photographs of the setup for the large-diameter
pillow-seal performance test.
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Figure 6: Results of the helium-leakage rate as a function
of the bellows pressure, where the diaphragm pressure is
fixed to be 0.35 MPa.
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Figure 7: Results of the helium-leakage rate as a function
of the diaphragm pressure, where the bellows pressure is
fixed to be 0.35 MPa.
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Figure 8: Results of the helium-leakage rate of the outside
diaphragm at the weld seam point and at the seamless point
as a function of the bellows pressure, where the diaphragm
pressure is fixed to be 0.35 MPa.
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Figure 9: Results of the helium-leakage rate of the
outside diaphragm at the weld seam point and at the
seamless point as a function of the diaphragm pressure,
where the bellows pressure is fixed to be 0.35 MPa.
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Figure 10: Results of the helium-leakage rate of the
diaphragm as a function of the bellows pressure, where the
diaphragm pressure is fixed to be 0.35 MPa.
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Figure 11: Results of the helium-leakage rate of the
diaphragm as a function of the diaphragm pressure, where
the bellows pressure is fixed to be 0.35 MPa.
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Figure 12: Results of the contact width (unit: mm) of the
diaphragm measured with the PRESCALE [8], where the
bellows pressure and diaphragm pressure are fixed to be
0.35 MPa. The left and right figure show the width for the
inner diaphragm and the outer diaphragm, respectively.
The pink circles (90° and 270° in the left figure, 45° and
225° in the right figure) show the weld seam position.
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Figure 13: Results of the contact width (unit: mm) of the
diaphragm, where the bellows pressure and diaphragm
pressure are fixed to be 0.35 MPa. Orange triangles show
the result with a metal seal for fastening the mirror flange
to the test flange, and blue circles shows the result with an
elastomer seal (same result as shown in Fig. 12).
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Figure 14: Results of the helium-leakage rate as a function
of the bellows pressure, where the diaphragm pressure is
fixed to be 0.35 MPa. The red line at 1E-8 Pa-m?>/s shows
the requirement for the helium-leak rate. The difference
from the result shown in Fig. 6 is that the mirror-flange
was fastened to the test flange with a metal-seal.
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