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Evaluating Strength and Analyzing Fatigue of
Quick-Opening Pressure Vessel Based on Finite Element Method

SHU Angqging, CHEN Xixi, BAO Chong, DENG Lu, WEI Huazhong
School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: We constructed the finite element analysis model of quick open-door pressure vessel according to the
actual situation. After getting the stress state in working loads, the strength of the dangerous path was evaluated
and the fatigue of the peak point of the corresponding force was analyzed. The analysis results show that the
design parameters of the high temperature and high pressure quick-opening pressure vessel meet both the design
strength and fatigue requirements. This method provide a reference for the structural optimal plan and the develop-
ment of regular inspection and maintenance programs for the high temperature and high pressure quick-opening
pressure vessel.
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Fig. 1 Schematic diagram of quick-opening pressure vessel
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Tab. 1 Main design parameters

e RSF / mm
SR i 3350
TR A 5 55
(GRS 1100
WL E 990
I R 290
RIS 200
R E R 190
T RIS 190

TP TR R ELA X R, O T A T
], OB AL 1/3 VR Rt S . IR TR 1 %5
A JLA B RN (8] 2 fr s . 6 AR AR 3 H 8
5 S TH K BT Solid 185, = 4E #4 AL IT Solid70 43
S X ST AAASE Y b 5 43 AT A ) 4 R gy 2
AR & B0 171 761 4,35 3L 55 188 4.
FE 1T 7 25 fs I A AR 4 1] 3 Bl
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Tab.2 Material property parameters

it B PPN St RS bk BIREREC TR AR
W/ (mm-°C) W/ (mm-C) W/ (mm-°C)

itk Q370R(15MnNbR) 2.06E° 270 4587 1.2E° 2.5E°

®= 20MnMo Il

4 20MnMo II 2.06E° 305 4.5E7 1.2E 2.5E°

T 20MnMo Il
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Fig. 2 Geometric model of quick-opening pressure vessel

B3 RANENBEHFMERE

Fig. 3 Meshing model of quick-opening pressure vessel
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Fig. 4 Boundary conditions of quick-opening pressure vessel
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Tab. 3 Stress analysis results
TE AR R B/ S,/ MPa THE J] / MPa VF I PR / MPa 45
PATH1 Q370R 200 180 179.7 270 Gk
PATH2 20MnMo III 200 189 79.20 283.5 Gk
PATH3 20MnMo III 200 189 21.69 283.5 =i
PATHA4 20MnMo 111 200 189 30.75 283.5 ey
PATHS5 20MnMo III 200 189 18.08 283.5 i
PATHG6 20MnMo III 200 189 22.04 283.5 i
PATH7 20MnMo III 200 189 134.6 283.5 i
PATHS 20MnMo III 200 189 159.4 283.5 i
PATH9 20MnMo III 200 189 124.4 283.5 i
PATHI0 20MnMo III 200 189 132.6 283.5 G
PATHI1 20MnMo ITI 200 189 95.41 283.5 i
PATHI2 20MnMo III 200 189 105.4 283.5 GH%
PATHI3 20MnMo III 200 189 158.0 283.5 GH%
PATH14 20MnMo ITI 200 189 126.5 283.5 G
PATHI5 20MnMo III 200 189 84.15 283.5 G
PATHI16 20MnMo III 200 189 27.15 283.5 G
PATH17 20MnMo ITI 200 189 37.34 283.5 EHE
PATH18 20MnMo ITI 200 189 80.81 283.5 EHE
PATH19 20MnMo III 200 189 100.0 283.5 B
PATH20 20MnMo 111 200 189 120.1 283.5 ey
PATH21 20MnMo 111 200 189 155.6 283.5 e
PATH22 20MnMo 111 200 189 144.8 283.5 e
PATH23 20MnMo 111 200 189 43.66 283.5 Ak

FE P VR R R 1.5 KS., SOV 1, Ko A R

PATH2

PATH10

PATH19

TH14
PATH22

PATH15

PATH23

PATH18
E5 RETFEREE
Fig. 5 Diagram of strength evaluation path
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Tab. 4 Evaluation results in work load path

F5 SEFRAL N1/ MPa
1 ks 330.8
2 R 185.6
3 o 217.4
4 Tk 316.1
5 TR 193.4
6 ToFa 158.0
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Fig. 6 Integral stress wave amplitude
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