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Abstract

Vacuum components for SPring-8-1I storage ring are under development. We must consider the necessity of cooling
them and how to cool them if necessary because they are heated by the impedance and irradiation of synchrotron radiation.
In addition, the stress generated in the accelerator operation must be less than 0.2% yield strengths of their materials. We
have optimized their design via thermal and structural analyses using the finite element method.
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Figure 1: Cross-sectional view of SSC.
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Figure 2 (a)Displacement distribution of SSC. (b)Stress
distribution of SSC.

DED? S XS DOEFATHD (Fig. 3). FLEHZ
BUCHRDEEEZRLTWE, RIS DEETZHER
BEROHMNREB O THERELM LTS, ABJRE LT
FEFU— LB LB 4 2 — & AT L U E RS
BEZ D, WA Y —K v RIT K B ARSI, B
AR I 21— 3>y 7 +® CST Studio Suite [5] D
Wakefield Y L N—%FHWTRD 72, N> FEFIZ 0.5
mA, NYFE 14ps. NUFRIFFE 11.8 ns &L WE
Emigtr Uiz, AT 0.3 mW/mm? O ABRRZET
V—LAZEDORMEICE X2 20y FEBARRE X 13 it
HDOABART =D K EWEATIEE AL (Insertion
Device: ID) T#i®d SSC TH b. #7 8 m i DRI
F (043 T,05m) BZEDHFRTH %, BELITLBE A
% Spectra [6] E AWVWTEIE L7z, BT E—2F0H
535mm OEI DRy bEHICIERAT 1.7 pW/mm?
(RIAEIA 0.5 mrad & E) DARX RZ2, Zhidm
HDTNIVERDOTHEHATE S, L L, SSC OH#EH
ZRHEEG|ZICL D A0y MO, SSC OYEilH
TG EREEERT 3 LRGP EE 20 v FNEAHED
2Tk, AR -3 kEd k3 EZON5,
vy MERAOPIE (BEEHE 3.5 mm) DELD 185 &N
fllX, (11[FFF1-0.5[BERE2]-0.44[ D S NE])+2 - 2[R
JEI-0.5[E 2] =25 mm £ 2%, X SIZHEHER 1
mm 3 NEEICE Ay Y —2455 1.5 mm F
TiEDO<, ZOHEAT Yy MBAD ABY —1X, 85
puWimm? ¥ 72 %, ZAUIART =S DRAME L 72 % 53,
BEDEZHAT Y FEIZ—HIZ 0.1 mW/mm? 25 2T
R 21T o 72 REEARD D DBE),

WM LT, KISOEHE, HIANDOHREDE
DENTNDEMETHEN ZITR o7z, WHKDIREIZH
1E£®D SPring-8 ¥ [F] U 30°C CTii& X 4 L/min, 27°C D%
(BRI O EEIRE) (il 2 50 DEME

PASJ2024 WEP083

EERBUE 1 W/(m2K) & LTz, KiaE OB RN, L
A 7 VB R DIEWGEBIZ G T & 3 XD Gnielinski
DR [7] ZERWTKRD 72,

hd _ (f/2)(R. —1000)P,
AT fRr )

T ZT N, iZ Bl ML h GBI d 1ZRFBEE X,
[IZEEBRE. P 375 ABTH B, 30°C DK
OYIMEE (B p = 0.9956 g/em3, BRER \ = 0.6147
W/(mK), B C = 4.1797 J/(gK). KitER%k = 7.973 x
10=4 Pas) ZHWT, KICEB 2YMEMETH 2 75 > b
MIE P, = pC/\ =542 TH %, KGEDOWIHEHIZMT
RN, WIS S LR I oEHTE ZKNER (H
YER) PRRBEIE LTS 2N TE, d=45/l =
6.15mm TH 5%, WHHKDTE u = 2.24 m/s ¥ KON
A% FAWT, LA/ AVZBUE R, = pud/p = 17236 & 72
%o Re > 4000 DRHIIBVELZ T WELRE 12 5, HEE
BRBUE. f = (3.64]l0g,y R.—3.28)72 = 6.78x 1073 T
Db, Lichio T, BUREREIZ. h = N, /\/d ~ 12000
W/(m?K) 3Rk 53,

BRro—fle LT, Kind D, ZZRANDREL L,
REHEARD D DB TOIREDF % Fig. 3 1SRT, 7
¥ TEDRD S D REEERE D 40°C £ TLEAT
BIEebhrd, FEE X o THRET BISHITAKT 22
MPa ¥ /XL, BRI X 2EENDEEIEETE 3,
ETDEMETOEBEDES Table 1 IZF L 5, KiE%x
LEWEEIIIRETD 83°CTHH., HKTI0°C I
ET D, FUN—RENICIZHR>THF = N—
HIRICHE R WD, B > I ORE % FR X
VRN DIKIGIINATH 5, ZZRANDIREZ L DS
I Z A NG E 2 E L TV B D, ZB5A
DD EHDF BT/ NE W,

N, =

6]

Figure 3: Temperature distribution of SSC w/ heat input of
synchrotron radiation and water cooling, w/o heat dissipa-
tion into air.
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Table 1: Temperature Results of SSC under Each Condi-
tion
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Figure 5: Power density distribution of ID17 at y = 6 mm.
The distance from the light source is 6 m at s = 0 mm.
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Figure 4: Cross-sectional view of BSC.
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Figure 6: Temperature distribution of the long bellows.
The outer part is hidden for convenience.
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Figure 7: 3D model of BPM used for thermal analysis. The
model has a water cooling channel on single side.
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Flgure 8: Temperature dlstrlbutlon of the button elec-

trodes. (a)W/o water cooling. (b) W/ water cooling on
single side. (c) W/ water cooling on both sides.
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Table 3: Thermal Analysis Results for Maximum Temperature and Displacement under Each Cooling Condition

FeE (2,3) HEM (1,4) N (1-4) SSC fedEtm (2,3)  AHEM (1,4)

RKRIRE [°C] RKEE [°C] A& [um] RAMRE (°C] A¢ [pm] A¢ [pm]
Kmz L 43.6 443 8.6/12.8/8.8/7.6 44 0.60 0.63
REKE 33 33.1 3.1/4.2/29122 40 0.20 0.22
WiEKE 323 323 2.8/3.8/2.5/1.8 40 0.19 0.19

Table 4: Expected force F' acted in the accelerator op-
eration and earthquakes and permissible displacement A.

W2
2024/01/09 22:45

A.¢s indicates analysis results of displacement. seaeex l I i mggz;z::
F[N] A [mm] Apes [mm] ﬁ = : l E%ﬁ
S X y s X y s X y g u = oo
EiilE 0 100 350 0.1 0.05 0.05 0.01 0.02 0.01 s T 1 I e
120 100 350 00046911 &b 2.934e-5 Brh
HIEERE O 220 350 I
0 100 470 ﬂ
(@)L (o)L S U4

Figure 9: 3D model of BPM girder used for analysis.
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Figure 10: Stress distribution of BPM girder. (a) Shows
bolts only. (b) Shows the other.
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