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Abstract: Insulators are the key parts of the EAST Superconducting Tokamak , which are used to insulate all cryogenic supply lines and
the conductor end of the winding. During all operation modes, insulators have to accept the challenge of the high voltage and hydraulic pres-

sure, simultaneously they are loaded with bending moment and force. The mechanics behavior analysis and thermal analysis including electri-

cal analysis for insulators using finite element method are introduced in this paper. Also, we carry out cryogenic experiments for further study

of insulators,
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EAST( Experimental Advanced Superconducting Tokamak ) # 346 £ SR 2 B RT & AR MHER LE—12
- BRREFDR EAST REZREE, HAE 2RI B FR, FARHTYEIE . B EASTREFIEH
BREARE RESERNESE 80K RIS R SNES A LR F X B EWE FEHFAR.

B 1 EAST 3B OG5 SRR 5K [E B
Fig.1 The cooling — paths of the toroidal field system in the EAST device
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ERYGRALEE L. FE,16 MGREES AN, KPP SN RBEN—-ARASKEERF SHb=
HHBEE, REAGBIUEREHAN KN E T IR A 0B E st KB LA (B —XF K
RELBE AR AMEALE) AR. B TRAGBSEEREFESIMRBETERNMM S, XD LBETE6
XTEWEI LR, e HEH N 15 3F, TPUsT KEBLEILFHE 8 X fiTI4R, AHEE N 28 3 (. IMrIELE K
VHIEE N 2 X KRR Y HEE N 12 XF LA R BRSNS AR B H H BB SR 10 4 %), B1E
PGB IBERG A E A,

BB R RS # R CICC(Cable —in — Conduit Conductor) S4E B 4R, BB 4 NbTi/Cu, 3 H
4. 5K BIEREHTETAH ., EEERRIE S, FHASUEAENZRRZE 4. SK REEABSRE, RE
R DU E R TR ST, H e FR AR # E A T BT R 4 5%, MRIE S RTRE N , R L BB AR
BERRYS 2 [ B Fe BB A M A G THREZEXEEN,

BANEASTRSHFIREERTEMMAL T E4L 10mm,398 4~;F4E 15mm,6 4>; @4 20. 6mm, 109
A ;BB 27Tmm 27 >, BEIBZ TR 26 1. BAEHFERTE L,

1 EASTESRFERKEFSAMHAZTHRE
Tab.1 The distribution of the composite insulators in the EAST device

e S ,
#H42 10mm 4 15mm % 20. 6mm 42 27mm BAZRT
PGB SRR RE 129
BRGESFUERSE 140
80K FiSNE R 109
BT IR S REARL 29 6 26 27

2 EAMBELGTHSH

5 A PRB 5T SEA R, FRE MR 316L SRR BN 8, FHAZNERRIBER SR,
WHRAE — LR . B EASTRERERMAZT MRNAKTFARENLKT. BELKT EERAREE
¥ BRSUARRRREE, AR E R MZ ARG RSN H, REEERFBIRS, BELEZTHE EAST
REEHAPER, BENEBEESRENER REFLBEEAERE, AN ERNA%K FEEEAEZNHK
SERER, BT R E% T FEERBHAEZMEE, EAST RBPRiEA%KTMEMEETERME?2 B
Ro

B2 ERN 10mm MEIEEL T (F) RS TFREHE(H)
Fig.2 The structures of ®10mm axial insulator (left) and radial insulation (right)
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M FIB RN R S RA% T FERBBITPUIE —ENTENN NS HEL TEZRBENTASE
%K. M, BRAAEZEHWEE RIFNEHSE, B TRHHE, B RS HEIR SR KRS 4
i, ERESHE . AT LEHERREMNEZTFRER, - FERATRIBF A TFHTTEHE
YERRRY ST ; 55— HE R SRR X A AR B — B ST
3.1 ABETFRIVIRIERES T

HEEMBAET (ZERMALET) MUBRER I ERRZ L TRIBER B EEARBIRESL
T2 B IA SMPa R ERESERBRT, RN, B R R R H W 58 Mk ey, iy TARGEAL A B DR AT F= R
MBSE, 2 W WX Fihr ) MBS 55 % 200kg 71 100kg - em, W4, HAMMLZTFRELHNER

. (300K) BB R (4K) XA BEE R ZRMGHGR, XN, B TEET HERAREHBRER

BB R %, B X B8 TS L% T LB MM 046 , KB AR MERBEREN,
A 3CLAEER 10mm RRRIZE T ABTSRITR, FIF ANSYS S48 #E47 7124347, SR SOLID92 D4 [ 4 & T2
B, RInS, A RGN R T P AR BRI bk, B :316L RBMMAZE SR, b4 % E AR M
MSHRER PRBIRRE P OHATIATG &, RAEET R 2, B 3 hmsas T 0E Bus i,
HEAMTUTHHESERTAES, THERRN . EHGTH T 25T HAZTAMN ERAS - XE
BRIJ10 294.23 MPa, HBREEHAERE S HRIORE L, B 4 W% T HEf T4 MR,

AW' AN ::?5533:“06
B e
=
SMX =294.2
XV =-. 407582
YV =.425526
v =,807436
*DIST53. 321
*xr w8.209
*YF =-3,808
*IF =, 745
i
g i
=
99. 143
B L
[ ETTE)

B3 EAN 10mm Bl 4% T A9 BRIT Ao R 4 BEETTREEI SR LRS54
Fig.3 The finite element model of ®10mm axial insulator Fig.4 The stress distribution in ®10mm axial insulatdr
#£2 HEAKBRTAKTFHEZESHHOHESE
Tab.2 The parameters of the composite insulator at 4K
Y B R (GPa) By YT & (GPa) E 2124 LKA (E -6m/(m - K) )
E, E, E, 6m, G, G, v, v, v, ALPX  ALPY  ALPZ

24 32.715 35 9.7 11.6 8.2 0.11 0.27 0.42 15.2 4.83 7.88

R x NEZTPEZISPROBE Ny M 2 HEEZ T PAZESH BRI SRA T,

F£3 ERI0mm KRABBZFHREANASRATHRE

Tab.3 The maximum von stress and distortion of ®10mm axial insulator

BRI - KEHR S (MPa)  BAZEFE & (mm)

IR1 SMPa J< & 14,132 0.011842
T/2 SMPa HFE + 200kg fr 13.181 0. 128165
TH3 S5SMPaifE + 200kg i f7 + 100kg/cm Z4E 13.877 0.2594
TH4 5MPa4FE + 200kg HIf7 + 100kg/cm B4E + M H 294,23 0. 1899

3.2 B/ETFHRIFBESW
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Y RRIEE THRRNESEARENENESWRES T, 5 3161 &8 B HAR M (TN REEES ) Hi=
R HREE (BX 15kV) , RS BB ERR R R REENEER, B RS KRB EEE R TFH%
ALK . 4 3CF A ANSYS 25 ) Emag B3B8 12 10mm 4 ) 48 % F A2 [ 4 5% T H1T 4
B, 4 BB R T8 AR | A AR FIE T 2T Plane121 AT %24 5T INF110 FFIER . 4% FIN4%
AN B (50Hz) BUE R 2.0, S K AHM AR E R 1.0,

ZA BITER b BTSRRI TR, BeRE R A G &, MairRREE, R MRS
WA EER BN ETYER, ERRERGMT, BEROBRRA RAE — MR S i E, R
H—3RIn 15kV SRR ETI S —S BB E, B 7 48084 10mm HHAL%FRRALEFHBEBREST
B, %4 FER 10mm ML ZTFRRBALEEFEEARSRETARZ S BERETREMNE. HEA%KTFHSR
HERE TG R, R F R A PR T S 40585 /N T HAR BR 63 E 20kV/mm,,

JAH 5 2006
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TEPuL

JAK 17 2006
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HODAL 3OLUTION
STER=L

suB =1

SHN =.100135
SHX «3963

EA Y

ssssss

635.538
763.842

R [ o947
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1148 b e

BS5 @ 10mm WRIR LK T (X)) IRREEKT (6) BHRELH
Fig.5 The electric field strength distribution of ®10mm axial insulator (left) and radial insulation (right)

®4 EE10mm PHEEZTFRENBETE

e P P P PP Y 4 BLMESET
Tab.4 The maximum electric field strength at different contour =
of the axial and radial insulation break ngkyﬁ
iﬁ@lOmm ﬂ@mﬁﬂ%ﬁ% @l’ﬁléﬁﬁ? Hﬂuiﬁmﬁﬁﬁmu%
(E, .. FE 15kV) (E.. ¥ 15kV)

W, 5% T 1) T EZE BN R by #

FER(R) BN ERREERE 1145.8V/mm 2532.3V/mm ! pun
W% T RGBSR SR R B R 396.48V/mm 3963V/mm ; ﬁfi Bgﬁi;i; zg;&;;
BT HABEIT N EERE 1145.8V/mm 3963V/mm AR e

Eo NTRIFLEZFHEEETH
Tt RMMEIRIER TR EE FAIKBEEEHTRE ., 1A, AEENRE B4 W m £ % 7 #17,
B4 o TEHGEEEERLRE LD, UEREZTNA BRINFER R, AR m 4% FHH Rk
REMBEE, HARUUEELEZREER BENAROHERESRE . 750, BITEXN LK TR B EEHETT
TER, A THENREERTBRHE TH0HETH, IR &SR ESRNEILZRBU 8 2QJ -230D
i
4.1 AREHRER

TREBEREABRANLEHT, EdH T PEFLELFHEFREXREHAEEZFRORE, BERA#RA
BEnt s, #RA%EGTIZ ML S 90% FRAEZRIIMABEREN, NBERFIIBEEES £ #R
BESIAR/N . 4% F7 EAST B+ NZREIIVEAMBEBERZERAN. ITRELZFHEALFW, L%
FRBFEAUR MR AEER A HR, BHEERT 50K/h, ZRF , BEFFREETFHANEEEBBRER
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B, BREEER, BERLEAKT 50K, REIFER S5 K.

— B IE L, APERRT 3 REGHE, =RBAFREHEN . NIIRERKE, £ T7E S K AEF
TP, EE= RSN, AL TRARZ 2/ 294. 23MPa (9N J7 .
4.2 MESEMAZRELY

HSEMESREQNARBERLTEG6, LR, IBAZTEATHNESRN, NEZ FHBITEE, 5t
BHESRN, RRANAZFINFESEZERT R 2 x10 Pa, BRAIREN 5 x10°Pa, FRITHSE 3MPa,
YEfE 5 434h K00, INEERT AR 5. 2 x 10 mbarl/s, IS B REE /T 0.2 x10 *mbarl/s, BHIRE
TESE 3MPa 42455 5 4040, IR, IERT AR IR 38 3 x 10 mbarl/s, i st B KRR EMNF 0.2 x107°
mbarl/s,

EREREY, AR TEITAENE, LF 2 B4 THRRPTHHMB D, A% FBERLRERE EAST
EBEITERH,

TR 4 mepem
fl SRR TIRER RIFHPIIEE AR, Bk b
P PR CE, EASTHE & 5 A RO T LRI BN L2
L s E A S SR,
| —miees 4301 S5 EEMR

. B TSR AN EE T EARE BE REEE BA
TR ey e R4, 2 R BIE IR T 4 b R 4 e e L — IR S R
%5 EAST % B 5 & bHR 455 T4 4 o LU 5 FL7E 3008 T84T,
BEL 351 4522 P 6 4 W e A PR ] 0 44 e FEL R, 202
HFIME, 44 TURNBERRRT, B8 RTEL— 0, &
1000V 1 JEF, 404 F 1l R 55 ko MRERENAET IS
% b RARREN,

6 MREMAZRERMUNEER
Fig.6 The device of testing pressure

and vacuum leak rate
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EAST 3B, B &M N4 S TS BETH RS
e —Y EREE, BB R LR 15KV, ELH L S
i T R E AN E R, KRS ENE T iR,
ows | N e BB R, A RN
\ _ % BRI ST, Wik RS IR B L R &

U e Lo MAET LR AR
HiG - IR, IR 7 AT, ER A EFE 10KV,

FHEB R 0. 1kV/s, 45+ 10 415h, WG MR AR OpA,
7 RETHREMEENERE REFRAKT HEWAS, 3 B A TR, HE T &
Fig.7 The testing system of electric current leak TR ARG, BB T ED] 15KV, 4655 5 4080 MR &
T OpAo, WHREREY, B FERSE T EARA MIEHER, RHEZERERT,

5 4k

EAST REZRPHNEZ T UIRER—ENTENNA T, BEERDRE T RZ 15kV U ENFRE,
T CHE3% SMPa Ll Lo i RIS RERE ATFHNE SR A% T3 R YEREER, BRI, EAST%
BT EMARKEALE T RENEEZTOEMBETHF RRDEBNMAEMH L, FAST 3 EMRIARL
RUE PG T ERRRBEETPRELTRN, HRERAREN,
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B % BRER S ERRELKTODH. EAST RERIXE(D).
EHLE. BRBR B ERBELSZT. EASTRERITHE(D).

BT %, 4% FHBHH. EAST R B EH T30 (I).
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