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Abstract: To explain the problem of hydrogen induced delayed cracking at the weld seam of titanium alloy pressure spheri-
cal shell, based on the diffusion theory of hydrogen in metals and the plane hydrogen pressure theory, a hydrogen diffusion
calculation model with internal defects in the weld seam of titanium alloy pressure spherical shell is established, and numeri-
cal simulation research on hydrogen diffusion and aggregation at the weld seam defects is carried out. The parameters of hy-
drogen diffusion coefficient and solubility of titanium alloy are obtained through hydrogen permeation test and weld phase
composition model; a finite element model with different shapes of pores inside the weld seam has been established, the
coupled calculation of stress field and hydrogen diffusion at the defect has been carried out, compare and analyze the influ-
ence of load form and pore type on hydrogen diffusion and aggregation. The research results indicate, under constant loads,
hydrogen concentration accumulates in the area with high geometric gradients and towards the area of compressive stress
around the weld pores; under alternating loads, the shape of pores (geometric gradients) affects the hydrogen distribution,
and hydrogen concentration significantly increase in the area with large geometric gradients, which can easily induce hydro-
gen induced cracks to propagate along the area with large geometric gradients. The study reveals that the coupling effect of
defect geometric gradient and stress gradient is the key factor controlling the degree of hydrogen accumulation, which can
provide a basis for the safety assessment of weld defects in titanium alloy pressure shells.
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Fig. 1 Schematic diagram of hydrogen measurement principle in D-S

double electrolytic cell electrochemical hydrogen permeation test
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Fig.2 Hydrogen permeation curves of weld seam and base metal of

Ti6A4V alloy
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Fig. 3 Dapp-1000/t curves of weld seam and base metal of Ti6Al4V alloy
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Table 1 Expansion coefficient of weld seam and base metal of

Ti6Al4V alloy at room temperature
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Fig. 7 Schematic diagram of internal defects at the weld seam of the

pressure resistant spherical shell
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Fig. 10 Hydrogen concentration distribution at internal defects of different shapes and positions
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Fig. 11  Changes in hydrogen concentration under static loading at internal defects
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Fig. 12 Evolution process of hydrogen concentration in circular pores

under cyclic loading

(c) CoNC

a "ONC
(8):iconc (Avg: 75%)

f\

150 200 250 300 350 400 450 500 550 600
I fil/h

x 00

7.00
6 Oll
4 (ln

3.00
’ 00
100
0.00

13 EREE T, WEESIL(#EE) SIREREETT

Fig. 13 Evolution process of hydrogen concentration in elliptical

pores (transverse) under cyclic loading
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Fig. 14 Evolution process of hydrogen concentration in elliptical
pores (vertical) under cyclic loading

(c) CONC

g5

ss22s2

S=pwaaaumOTE
28833

50 100

150 200 250 300 350 400 450 500 550 600 650 7
e/

CONC

0.00

E15 fEREHEE T, HELS

Fig. 15 Evolution process of hydrogen concentration in elliptical
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Fig. 16 Changes in hydrogen concentration over time under dynamic loading at internal defects

ER T A S AR AU LR B e

4 g

(1) K4 N FLRTR IR I B e T AR 4
()25 ] A A R AIE o 0 T ARE 1) A (R <AL
PR Ll A B e, G SR A P 3 e v (L 280y 1 0
fHIK 1 377x10°, 3248 gk faf 3K 1 200x107°) , KB L
fur A B 55 07 T A B 1 S I A8 2 SR B R B
A DG I R 3R

(2) 18 22 o f T Sk B 43 A F 232 0 J1 55 3C
Bie, FLTE ARA G M) 5 4 DX 2 W {1 5 1717 22 A8 28K i
MU T A BRSSO B R 2 ) LI LT
R T T B4 (600~1 000%10°°) , FE A AR 440 |
JUAaT R BB T B B AR E R &R

(3) 2 far JE RN e TUART AR AiE 2 ] e e S R 4
ORI 1| ey S W bk il NN A VAR 1§
B IX IR A, AR B far T SRR 2R 1] AL AR v i B L, R
BBk FA AL Y SRR oS, B 5
e J LA A B DI

SE k-
(1] ZFEA, TIoE XM, 2. 20 5 MR REE I ey

[2]

(3]

X AT Mg [ ] b E AR s i CH AR R
hi2),2024,48(5):160-167.
LIY X,NING Y X, LIU C W, et al. Effects of inclu-
sions in steel 20 girth weld on hydrogen diffusion be-
haviors [J]. Journal of China University of Petroleum
(Edition of Natural Science),2024,48(5):160-167.
KNG, ALY, VA G5 USON ge AR A X
BRAA RO M) ], SRR 2023, 52(4) :26-32.
LIUY,GU HT,SHA Z H, et al. Finite Element Analy-
sis of Hydrogen Diffusion in the Weld Zone of a Hydro-
gen Generation Reactor[ J]. Welding Technology,2023,
52(4):26-32.
P2 SRR AR I A B R T 5 244
X80 i 9% 57 PERE M 5X [D]. KBK : ZRAb A K3,
2025.
CHENG A D. Effect of welding residual stress and hy-
drogen diffusion on fatigue performance of cracked
X80 pipline[ D]. Daqing: Northeast Petroleum Univer-
sity,2025.
TW 7 KT RS RS ER AN 1 M 20 55 5L
PRZMWIIE[D ] BT LR, 2025
WANG L Y. Effect of residual stress and hydrogen on
fatigue crack propagation of underwater pressure shell
[D]. Zhenjiang: Jiangsu University of Science and
Technology,2025.
TR BRGSO RS X RIS 2 M B
RN D ). P52 VY LR R, 2024

&~ THE4HR



