Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 11, 2021, Takasaki, Japan
PASJ2021 MOPO010

BEATULAREFE - AOREO——I)LORHE

DEVELOPMENT OF A LARGE-DIAMETER PILLOW-SEAL USING WELDED
STAINLESS-STEEL PLATES

IR 20, (LEFHE Y, JEE SR, PR IR
Ruri Kurasaki®#), Yutaka Yamanoi®), Hiroaki Watanabe »), Tetsuro Nakamura ®
A) Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK)
BMIRAPRO CO., LTD.

Abstract

At the J-PARC Hadron Experimental Facility, a new beamline is now under construction for the COMET experiment
using 8 GeV protons, in which a large diameter superconducting solenoid magnet with an inner diameter of 1200 mm is
adopted. Since a target for muon production is installed in the center of the solenoid magnet, radiation level is expected
to be very high around the magnet. In order to reduce the radiation exposure of workers, we plan to employ a large-
diameter all-metal pillow seal for the vacuum connections around the magnet. To fabricate such a large-diameter pillow-
seal, a stainless-steel plate with a radius of 1.5 m and a thickness of 0.2 mm is necessary. However, as of now, it is not
able to procure such a large “seamless” plate. Thus, we have examined two types of a “welded” plate using a small-size
pillow-seal to measure an airtightness performance. The results show that the airtightness of the welded-plate pillow-seal
meets our requirement. We are now preparing a real-size pillow-seal using a welded plate to establish a fabrication
procedure and to evaluate the performance.
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Figure 1: Plan view of the Hadron Experimental Facility at
J-PARC.

YL/ A4 FEHE

5424y b KI—7 AOBEO-Y =

————T"%

T . ’- T = T T4k py— —
e i LA FERE 2
7 | . % — |t

=11

e

V
-

6400mm

Figure 2: Drawing of a large-diameter pillow-seal and a
solenoid magnet with a radiation shielding unit.
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Figure 3: Schematic drawing of a pillow-seal.
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Figure 4: Schematic drawings of the welded plate for the
diaphragm.

Figure 5: Photographs of the diaphragm made from a 45-
degree welded plate.

Table 1: Results for Hardness Measurement by a Micro
Vickers Hardness Tester, Where the Unit is HV

Hardness measurement

(HV) Base plate ~ Welded seam
After the welding 372 244
After the heat treatment 129 135
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Figure 6: Photograph of the pillow seal with the

diaphragm made from the welded plate.
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Figure 7: 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 8: 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 9: An example of pressure distribution in case (c).
The pressures on the diaphragm and bellows are 0.35 MPa
and 0.35 MPa, respectively. The dark red area indicates
high pressure.
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Figure 10: Results of the contact width 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 contact width of the diaphragm as
a function of the diaphragm pressure, where the bellows
pressure is fixed to be 0.35 MPa.

3.4 KOREE—L—LOEA

A Rl DB A FEHE O 0 £% 1200 mm DE m—3 —
WMICHE AL OKRELRREE RO, 4RO 0%
110 mm DOET—1— LD~ L)—7 &5 (Ro—X [+
77 035 MPa,¥ A% 7 F A7 0.35 MPa) 2»5 L £
1200 mm O —3— LD~ L) — 7 BEE2 T2,

IEBNE DY — 7 EQ, WRIFEMEREE R T, QuIXTE IR
N7 THILAYTTLDALZITH A CIZED, (kDX
NTERKHEB[3],

__C?p
Q==

C:HEAXTITLDALEIE A
Py K&E
Sy P PR

ZITaVE I A C ik, IHLE A (B S
Ra) . ZAYT7ILEE L. ZAY7 7406 w, LTS
£ F. 73V A 0WMMERI S R 2H VT
Roth[8IITED | IRD IO 7RBARAH LT LN RENTND,

3F

C = 3447 (=) exp[-

w LWR

HAXT7TLOHEME A, ERASEETHLM LTS
£ F. 74V 2 G OB ) R IZRCET S,
exp [— i]&;’cio‘i% | L7250 AAYTTLER L &
18 w IR A R CHBIS DL LT,

ARl ORERIEE Do H 72 A% C(110), KR
VR A C(1200)ET D, FNENDE AT TT L
DOIEwIL20mm & 30 mm, B L1X 570 mm & 4340 mm
THHN.,

20

£(1200) o 230 €(110) = 5.1 x C(110)
o =5.
(1200) x —5—=75

HAXTTLH T (A B IRLOGE.
e,  10E-7
P,—P, 101325 -0.93

€(110)=

= 9.9F — 13 m3/sec
€(1200)=5.0E — 12 m?/sec
C(1200)2P,  (5.0E — 12)? x 1E5
s 3.0E -5
= 8.3E — 14 Pa-m3/sec

ERFELDD, FIERICHEE OB L7 1 (B), (C) D
C(1200)%kHHL, (B)iX 8.3E-12 Parm’/sec, (C) %
1.3E-10 Pa*m’/sec L TPHEII, WTHOL AL
HEPERE 1B-8 Parm/sec LA T &7zl T D, fiE- T,
kS B OBHDAT VA E L ST AT THED
KA R — — L ERORGERTREMEME O,

Lol ZIETO A 300 BLW 500 O a——
NETIT V= EiTb L BWLERT 1E-11 BT
bt TDIH, EFEOAMER 7L T 2 M2 5 0]
BEMEN DD, O B)B L ONTIBWTHIRIERIZ 2 K
SIRDFREMEN B D)3, BXFHEEYEMERE 1E-8 Pasm?/sec LA
TEMEI AR ES+odd, FODIich, O
££ 1200 mm DOEREY A XD 11— — )L CHREZ IR EE
TLOMENHD,

4. FEH

AT L A A T2 K O E o — 2 — LD B3
DT=HIZ, A& 110 mm A XOEE——/ /W20, &
AT UV AL AN 7T LOPEREMER AT -T2,

VREAT LV AR B HZEIZID, 2 FETHAHL T
72— BV AR E AR TR EE N EL 2D FDORET
KEMREOEAL RSSOV, ERkEhia~UY
L) —ZMEREIZZV T L CWOBEWHFE R EHNTZ, 2D
FERID, FERICHE A FTRE Ch D L RENT,

SBITEMTHDOEL 1200 mm DK AR T— —
NZEBEL | SR T IEDRESL B L OVRBEMERE DO MGk x
35T ETHD,

S5 3

[1] A list of experiments in the J-PARC Hadron-hall;
http://research.kek.jp/group/nuclpart/HDeppc/Exp/

[2] COMET experiment; https://comet.kek.jp

[3] Y. Yamanoi et al., “Development of Pillow Sealing for J-

- 246 -



(4]

Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan

August 9 - 11, 2021, Takasaki, Japan

PARC Hadron Beamline”, Proceedings of the 2nd Annual
Meeting of Particle Accelerator Society of Japan, 2005, pp.
736-738, LAM736.

Y. Yamanoi et al., “Development of Vacuum Sealing
Devices for J-PARC Hadron Beamline”, Proceedings of the
3rd Annual Meeting of Particle Accelerator Society of Japan,
2006, pp. 472-474, WP68.

Y. Yamanoi et al., “Effect of surface roughness on leak
tightness of pillow seal”, Proceedings of the 4th Annual
Meeting of Particle Accelerator Society of Japan, 2007, pp.
826-828, FP59.

R. Kurasaki et al., “Development of a long-stroke pillow-seal
for the J-PARC Hadron High-P beamline”, Proceedings of
the 16th Annual Meeting of Particle Accelerator Society of
Japan, 2019, pp. 302-306, WEPHO13.
https://www.fujifilm.com/products/measurement
film/en/prescale/product/

A. Roth, Vacuum technology, Fourth impression 1998, ISBN
0-444-88010-0 (Elsevier).

247 -

PASJ2021 MOP010



