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Abstract ; Pressure strengthening technique is a valid lightweight method in cryogenic vessel production. In this
technique, prestrain and low temperature are two important factors to achieve strengthening effect, and also the keys to
guarantee the strength margin. The design temperature of austenitic stainless steel pressure vessels for liquid carbon
dioxide (LCO,) is generally —40 °C, which may lead to less improvement in strengthening effectiveness and lower
strength margin. Currently the technique has not yet been widely promoted in pressure strengthened LCO, pressure
vessels in domestic. To study the structure strength of pressure strengthened LLCO,pressure vessels, the strength margin
of vessels was calculated by using finite element method based on material test results at —40 °C, and the result was
compared with the codes. It was found that, the pressure strengthened L.CO, pressure vessels whose ratio of plastic
collapse pressure to the design pressure was 3. 64 still had sufficient strength margin.
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Table 1 ~ Chemical components of austenitics stainless steel S30408 %
a=3%iy C Si Mn P S Cr Ni N
e 25 5 0.02 0.38 1.77 0.029 0.001 18.29 8.05 0.068
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Figure 1  Size parameters of tensile specimens

1.2 {BEAE

I PR IO P 2 58 A B AR I, DA 25 1 17 A% 5 A X
Bt BRI CERRME BE IS AR 4 T2 5 X i
BN T 9% BTN AL . Rk, A SCRHAREE 708 3 4
AT, AR RE A AR 2 IR — 40 °C R A PR DL K %
TN 9% BN S S AP EHE —40 CTR s,

% JEB AS5AY J 2 A B BE JRORE DR, D AT A 52
PR AR T, 2R SR B4 I TR P 2E 4T 9% T
PP I A ARAT B AR, BB A AR B 3. 3 x
107" s ™1 RZEHORIC10 7 5710 TRRR g 0 AR i £k A
ok URE WAL T 000 b R B T A, LR )
JO7 AL iR AR TSR U o s 2 A

Ko B BN T, o, RS TREN J7,
E e MM B BN AE £, AR TR AE

PR S 7E W VL 27 Ak TAUI 5 (IR
IS HL B T o BIRAIL I B oA 150 kN, R H
A5 RTEFREE SR 25 mm, AR -5% ~100%
1.3 HEHER

PRI AT 15 M4 R ) TR N g — g AR il 2 B B SN
H—RAE MR o mlan &l 2 Al 3 Fios

1000 PP
800
g
S 600
E .................
=400 — EARTR, R
H - MR, 40 C
200F 0 BT9%TRBLMH, -40 C
0 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5

TAEMAZ

B2 MHIERI-BTEHE

Figure 2 Engineering stress-strain curves of material
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Figure 3 True stress-strain curves of material
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Table 2 Tensile mechanical properties of S30408

at room temperature and —40 C

A/ C TN A2/ %o Rp.o/MPa Rp.o/MPa R,./MPa
25 0 262 323 709
-40 0 325 385 989
-40 9 452 515 942
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Table 3  Design parameters of test vessel
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Illustration of test vessel structure
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Figure 6 Mises equivalent plastic strain contours of simulated vessels under burst pressure
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Figure 7 Load-Mises equivalent plastic strain curves
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Table 4 Burst pressure and strength margin of

P

B

simulated vessels under different conditions
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1 25 0 2.4 6.63 2.76

2 -40 0 2.4 9.44 3.93
3 -40 9 2.4 8.74 3.64
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