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Strength Analysis and Optimization of Hoop-Locked Quick Closure
Structure of Supercritical CO, Extraction Kettle

JIANG Ce, LI Qingsheng
(College of Mechanical and Power Engineering, Nanjing University of Technology , Nanjing 211816, China)

Abstract:In order to realize the lightweight design of extraction kettle, based on finite element analysis of the 60 L
supercritical CO, extraction kettle, the stress distribution of the hoop-locked quick closure structure of supercritical
extraction kettle was obtained. Under the condition of meeting the requirements of strength and fatigue resistance, the
safety margin method and JB 4732 stress evaluation method were used to extract the state variables, with the minimum
volume as the object to optimize the structure. The results show that the effects of the two methods are obvious, and the
volume was reduced of 22.5% and 24.2% respectively after the optimization and the purpose of lightweight design is
achieved. And it provides references for the structural optimization design of quick closure device of extraction kettle.

Keywords : extraction kettle ; hoop-locked quick closure structure ; lightweight design; finite element analysis ( FEA ) ;

safety margin method
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Geometric structure diagram of

extraction kettle
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Figure 2 Simplified diagram of quick

opening structure
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Table 1 Mechanical properties of materials
R WPER R/ GPa  JARAEL N FI5REE/MPa
S304081V ( f Ak >%) 190.5 0.3 114
S304081V ( FAdE %) 190.5 0.3 137
20MnMolV (33%) 196.5 0.3 196
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Figure 3  Structure design parameters of

extraction kettle
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Table 2 Structure dimension parameter table

mm

T T2 T3 Ty Ts by 153 l3 hy hy

116.0 119.5 84.0 89.5 121.0 45.0 42.5 50.0 27.5 65.0

hs hy hs he hy hy hy hyo hyy

62.0 77.0 26.0 97.0 10.0 24.0 14.0 12.0 5.0
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Figure 4 Computational model mesh graph
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Figure 5 Stress contour of model before optimization
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Figure 6 Path diagram of dangerous section
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Table 3  Strength assessment of each section MPa
iz P, P, +P, P, +P, 1.5S,, P, S P, +P,+Q 35,
A-A 39.17 294.0 121. 50 588
B-B 48.39 294.0 108. 70 588
c-C 31.67 294.0 104. 50 588
D-D 28. 11 294.0 74.61 588
E-E 71.27 136. 90 294.0
F-F 88.37 176. 80 205.5
G-G 61.87 107.70 171.0
H-H 76.27 205.5 94. 14 411
I-1 161.30 205.5 122.20 137.00
22 ﬁ%gigﬁ*ﬁgﬁ% /Eﬁ t3 ’hl 9h2 9h3 9h4 ’hS *ﬂ hs 9&i+§ﬁﬁgﬁﬂ“§/f’t7ﬁ
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JEPETFIRPE SRR

1) 343k (S30408)
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it 2ot SR A AT AR L S A I T R -

S’ =S, xE/E =383 x1.905 x 10°/(2. 0 x
10°) =364.8 MPa,

L N I 9l T = 7 3 B v
(1% Jpe KA A2 g 7 5 BE 0 AN KT 287, B S, <
25, =729.600 MPa,
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S', =S8, xE/E =214 x 1.965 x 10°/(2. 1 x
10°) =200.240 MPa,
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Table 4 Fatigue strength assessment

\ S/ 28",/ S/ 280/
(AL TP LR
MPa MPa MPa MPa
Ik 351.595  729.600 fiiBUN
o 309.900  400.480 @ik
A5 BAHEEHRTENLCHE
Table 5  Dimensional change range of design variables
mm
RAFHE l3 hy h, hs hy hs hg
TR 40.0 15.0 40.0 56.0 65.0 15.0 5.0
IR 60.0 27.5 65.0 62.0 77.0 26.0 24.0
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ARSCAERPIRAS AR EEE AT REEURT R A T 2 ok,
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J1 P, =122.20 MPa, /225 fi [ 8 1f1  fe fE 15 i, AT
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i AR e B2 2 B {EL ] L3 K, AR A e KN ) |
B S, = 0/ (1 —a) =394 MPa; i R HUIE 55 PERE,
J5E 55 I FR 20 000 YRAS ENVF R R 71 S, =214 MPa (5% B
FI-E4E R 20MnMo $EFFIE5E) , S, =2 x S, x E/E' =
400 MPa, i — & B(E AT A, 0 2 e, RE
A i I i RAE K 394 MPa,

2) JB 4732 N Jyum BV ik, I R AR AR
S, —S M ER GRS S, (i =A, - 1, IR 9 FKIEAR)
VERPIRZSAS &, ¥ e KT S, BRI /N T48F 38,6
HEAHIE 0 R P o5 TERE, Bl S, <400 MPa, (R
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Table 6 Ranges of state variables MPa 36 RIS, A G AR FRAS 4 0. 492 x 107 mm’ , 4H
ARE S Sp Se Sp Sp SHCALET , AR T 22. 5% o ARG G 128 gk
o 0 o o o DA HEA e 7 B , G I B AT BT
A 588 588 588 588 588 J1 = EIANE 7 Fros , 45 H 58 FE PR ANk 8 B, 9% 55
Rl l l I A AN 9 TR
TR 0 0 0 0 0
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Table 7 Numerical comparison before and

TR 4l 342 411 411 400
3.3 BREREAYIEE
AL R DI ZE S R A o H A, i T o0

after optimal deign variables mm

> ) ) . PN I £ hy h h h hs h
FRBURIEHG IR, BT LA AT DA 43 BT 235 4 14 S A 7L R R 5
ftAert  60.00 27.50 65.00 62.00 77.00 26.00 24.00

ﬁa$ﬁ@ﬁﬁ{T{t’f&o fifbfg  47.68 15.76 44.87 56.04 71.24 19.72 5.28

3.4 RUERHEITiE Fi%J5  48.00 16.00 45.00 56.00 71.00 20.00  5.00
1) LML Es i

%8 B BERBEIEL

Table 8 Strength assessment of each section MPa
AR Py P, +Py P, +P, 1.5S, P, S P, +P,+0Q 35,
A-A 54.19 294.0 171. 50 588
B-B 58.93 294.0 139. 50 588
c-C 42.57 294.0 138.70 588
D-D 38.48 294.0 100. 50 588
E-E 85.77 179.2 294.0
F-F 91.41 179.5 205.5
G-G 82.33 146.2 171.0
H-H 78. 96 205.5 98. 16 411
I-1 160.0 205.5 120.8 137
i 281 11/MPa XPORAHT , B 1 24. 2% o PLARHT G B2 AL

wME 2.392
e KAH 396.058

N T LI 10 75, Dl 3 4 5 AE B 28 A7 BRCASERL
JIz PEIUTE 8 FF /R , 45 AT S8R VP A IR 11 BFR 9%
ST IE VPR IR 12 7R o
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Table 9  Fatigue strength assessment

S,/ 28",/ Sun/ 28,42/

rijl

i RS
MPa MPa MPa MPa
— =] 3 291.908  729.600 i 3
2.392 89.874 177.355 264.836  352.318 )
46133 133.614  221.096  308.577  396.058 4 396.058  400.400  jmit
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Figure 7 Stress contour of extraction Table 10 Numerical comparison before and
kettle after optimization and rounding after optimal deign variables mm
RoFE R l3 h, h, hsy hy hs hg
N R ==a M
2) JB 4732 [ Jy 5 B A S R o B ALRT  60.00 27.50 65.00 62.00 77.00 26.00 24.00
HALTTHIARTL R 0. 635 x 107 mm?® , & 4> 3o F 4t 3k WALE  46.78 15.03 45.75 56.01 73.39 15.17 5.05

1R 20 YIS, DAk G PR FAE 9 0. 481 x 107 mm® , 4] B#E  47.00 15.00 46.00 56.00 73.00 15.00 5.00
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Table 11  Strength assessment of each section MPa
Wt P, P +P, P, +P, 1.5S, P, S, P +P, +0 38,
A-A 55. 64 294.0 173.30 588
B-B 58.18 294.0 140. 80 588
c-C 43.15 294.0 140. 90 588
D-D 38.98 294.0 102.70 588
E-E 88. 13 185.1 294.0
F-F 93.02 198.6 205.5
G-G 87.15 152.2 171.0
H-H 78.41 205. 5 98.61 411
I 160.7 205.5 121.4 137
i AL /MPa 4 £t
B 2689 AN 1) SCHR AT ANSYS BRfnt 28 B4 - 4l U I 45
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Figure 8 Stress contour of extraction

kettle after optimization and rounding
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Table 12 Fatigue strength assessment

S,/ Sip/ 28"/
frE 287,/ MPa Pk
MPa MPa MPa
¥k 325.650  729.600 biiRus
+ ik 395.968  400.400 Siigul
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