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Abstract Vacuum vessel is the location for the operation of plasma as one of the key component for the HELIMAK device. It can
provide an ultra-high vacuum environment for the plasma operation. It is necessary to consider all the load case under the plasma opera-
tion and do some detailed stress analysis during the design of its structure. Firstly a 3D finite element model was performed to analysis the
stress distribution and displacement for the vacuum vessel of HELIMAK device employing NASTRAN software. The maximum stress in-
tensity is 144 MPa and maximum displacement is 1.98 mm. And secondly a reliable structure is optimized under the basic of the stress

analysis results, which has satisfied the requirement of the physics experiment. All of the numerical simulation results also simultaneously

provided a valuable theory basis for the research and development of the device.
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Fig.1 The primary design for the HELIMAK vacuum vessel
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Tab.1 Finite element analysis for the thickness of the
HELIMAK vacuum vessel

BKR 1/ MPa B KA /mm
Maximum stress Maxirmum displacement

JELRE/ rom
Thickness

PN Inner wall 12
SMITE Outer well 12

117 1.34
ETIKE 0
Top and boitom wall
PRI Inner wall 12
SMUTE Outer well 12 - 2.5
ETRHE ”
Top and boitom wall
PO Tnner wall 10
SMUTE Outer well 10 256 3.2
ErERE ”
Top and bottom wall
PIME Inner wall 10
SMIUTE Outer well 30 125 .

FPEE
Top and bottom wall

PIIE Inner wall 8

SMINE Outer well 8
EFRE

Top and bottom wall

133 1.57

EFEW . NTEEE SS304 N EERRAFRUERLAR 1 7]
BB ARG KRG A EMES ZEERERER
B0 E, ARTOTWENERERLEES R
FRIER U RNAIMIR T LS R EER, NBERE
BN MR 5 R KR RN . BN ES R
TEBEITELRNRE PR,
MNESZREBREARRITE R UE S, HELL-
MAK B 7 ZSMUMR R FHILE OB L, 541
BARESE BN ™ 5, R I 7E 28 B B S AR B B 2L kL
WA B, b TR R AR a5, BT84 R
HEE 2D 30 mm DAL, H2 FFIRR IR KEX
PO o FLZS = AR BB ) A R R, Rt e b
TR LS E —HR, EAT BN B EE
BERZGT, s RLAEI D EFIRREENEN.
3.5.2 AT EHEGHEMARTSHE
EE—RARTrEa -, 52 7R, 12
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Tab.2 Thickness of the HELIMAK vacuum vessel mm

it JEE Ribs 20

PR ELFE Inner wall 8

SMUARIEE Outer wall 12

T IEMRIBRE Top and bottom wall 20

HE R Pons 8

B4 BB Flange 25
(1B 1 O S50 BE JBE 1) R B

e B g RKE D BE N RAT ot
TR, A BB E 2R S B REOR PR B o O R

RN Sy S, BRGER K 3 FiR
%3 HELMAK EZ=HKEOAEEEHMRL
Tab.3 Choose of the thickness for the narrow port
of HELIMAK vacuum vessel

JEE Thickness/mm B K 1 Maximum stress/ MPa

8 224

10 211
15 179
16 157
17 146

18 137
20 137

HEA EREE OBEREZMNITES R UE
R IE YN E O BE R RNk REEE L
fB RN 1L R AR T B R, RASHRKE DM
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T EERARAMESEE, B T — S AT R A E R0
TR H R B PSR AR AR AT O B TR AR A AL

(2) B B 10 4 A 1 4 A Al e A1 R X

HTRRACHE 0 7P, H= 8 G 7Eix i &
SO E TN R U ER T EEE R
RTEBAE TR B, 5 R AR BRI 4, DA i 2 78
ARSI B o BRI NS5 K B A1 BE , B I AR
AR B2 5 BB AR 25 R WO BE , B0/ BR S 1 1 B A Y
ATE G I B R IR M R A . AR AL E AR E
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Tab.4 Finite element analyses results of the angle
for the centerline of the rib

R LRI A
7.5 6.5 5
Distribution angle/ (°)
HEZERKRNN
186 175 160 138
Maximum stress/MPa
HEZBRTE
3.21 2.56 2.29 1.9

Maximum displacement/mm

M ERATLLE W, AR 2 e R, Bk B
1 R e AR TR R, Btk , B TR+
W, EAR R R R TR B R B EE TAEM TR
T REFEHREE R E DM R 50

(3) i AR IR BE R BE Y 4L

RBS VAR, S HRARE 0 BB A ATAR 8
BRI MR BEXT H s EAMRR ST K. % 5 45
HE TR AR (AR O IR 5°) .

M SE] LU i, a0 2R AR 0 8 B B 20mm , IR
x5 BRREMEEHNARTINER
Tab.5 The finite element analysis results for the depth
and thickness of ribs

TR B
Height of ribs/mm

50 70 90 90 %0

WiRE
Thickness of ribs/mm

HEER AR S

Maximum stress/MPa

162 144 138 134

HEERALE

Maximum displacement/mm

3.21 2.56 1.98 1.9 1.86

FE K E 90 mm, B AETH B H 2 AR WSRE AR,
(4R H =
WAL b %450 R M i fe s 38, B O 4R e Ay
5°, % O A TR B 20 mm, IR 90 mm, H 5 Eielk )R
Wk 2 iR, BRIRAHES=ARITsHH R ffL
Borma B, anE s ME 6 iR,
144
38

134 5

123

r 113
92.6 .
823
! 72
;I 61.7
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5921
1.9 x 107
s AHWITIHH LR S = E) (L : MPa)
Fig.5 The finite element analysis result (stress) (Unit: MPa)

1.98

L2
.58

1.45 .
1.32 ™

119
1.06
0.9 8
0.79
. oo
0.53
0.39
0278
0.13 &8
21 x 107
e AMITITBLERIBEE)(EA: mm)

Fig.6 The finite element result (displacement) (Unit:mm)
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Tab.6 Stress concentrations due to confine effect under the different
thickness for the top and bottom plate

ETRREE
Thickness of top and bottom wall/mm
8 140.7
10 94.7
12 58.5
20 87.5
30 78.4

T%mx .

L>3(81-82)

Dk LIl

Stress concentration/ MPa

i
Bl 7 HEELTIRRE NSRRI EE
Fig.7 The structure design for the connecting of the top and

bottom plate with the inner and outer shells
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REENBEEGIEWITES FREEE TS0
MIREIRLL ). INEE ERASE OB MEN T
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HSEFZEFAMENT UL FFERSESENT
FREEEL, TXEMT R THEEX, HAZEAS
3B R DA BRG], TRt M e AR A 22, — B
RERABIT AR BRI SRER, &
AEFI IR ) R RS A A B R A — IR AT
J158E P, VMBS EFRAREE WA TSR R
RER AR it P+ Py % 7 45 HELIMAK
HE B4R N SR EEATEE SR


http://www.cqvip.com

5

P 000 http://www.cqvip.com]

i 2005 4

F7 ATEEWBLMENREENTE
(304 TEEWH R 0] =147 MPa)
Tab.7 Assess for the stress intensity of the best weakness area
on the vacuum vessel ( The allowable stress intensity
for the 304 stainless steel [ o ] = 147 MPa)

BRR B HOHEHESTER
Location of maximum stress AR B

Interaction between the

IDWAE-3ic]

Type of stress
port and vacuum vessel

— R BB S P, /MPa

General primary membrane stress intensity P,./MPa 122 MPa o]
TR A 2 (P + Py)/MPa

Total of the local membrane stress and primary 144 MPa<c1.5[ 0]
bending stress ( P, + Py )/MPa

TEELE R Assessment result %4 Safety

5 &it

U@ RABERT AN, T EESEES
BT ST RN S A AETRE, FEMESER
REE HOHEEE LIRS E JEEMRE#
TSR 1T RIS T MM TR RITSE 5, 3t
&8 ASME % £ 5 8% P 2 An X HELIMAK 5 E 7
B R TO0T WA BT B M E AR
AR RL2WEN, FEREETSEN L TRR
50455 R0EE R, HELIMAK 2B A T EAE K
SEERT, AR KN 518 144 MPa, HBIEH 5
ERAESEEHOTEMET WY, BB R 1.98
mm, HIAERESE EHMUBE LR & O R
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