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Research on Difference of Residual Stress in Friction Stir Welding

Between Multi-segment and Long-Segment Cylindrial Shell
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Abstract: The model of 2219 aluminum alloy storage tank under two manufacturing modes of rocket storage
tank, multi-segment and long segment, is established by finite element simulation. The accuracy of the model
is verified by the test plate friction stir welding experiment, and the difference of residual stress between the
two is compared. The results show that the stress concentration occurs at the weld in both the multi-segment
and the long segment, and the stress concentration at the end of the last weld in the multi-segment is
particularly serious. The stress concentration is not obvious at the junction of the longitudinal and girth welds
in the multi-segment and the long segment. After the completion of the second girth weld, the stress in the
multi-segment is slightly relieved, decreasing by 5.51%, and that in the long segment decreasing by 3.83%.
The stress distribution in the parts of the cylinder without weld is more uniform. The longitudinal and

circumferential weld residual stress distributions are similar between the multi-segment and the long segment,
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but the stress concentration area of the long segment is small, the maximum residual tensile stress and the

maximum residual compressive stress are reduced by 25.73% and 27.38%.

Key words: 2219 aluminum alloy; rocket tank barrel section; finite element simulation; friction stir welding;

residual stress
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(a) Residual stress distribution of multi-segment cylindrical shell

(c) Residual stress distribution of multi-segment cylindrical shell
in Y direction
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Fig.11 Residual stress distribution of multi-segment cylindrical shell
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Fig.12 Change of residual stress at Point a of multi-segment

cylindrical shell
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Fig.13 One-path residual stress of multi-segment cylindrical
shell

110

100 |

o
(=]

87 || 1l HH‘ il ”ij‘ LT
N Il |\| ) H |

70

71 / MPa

0 100 200 300 400
BEES /em
P14 220 1 BE IR ICT A 140 1 B 4 2 5% A g
Fig.14 Two-path residual stress of multi-segment cylindri-
cal shell

N Rt AR NS WA R TR R B E S R N A
PG MREEALE | i T IR AR b | 1 ) 4R
HORF G T 22 R B AR R A B 22 A L R KRB )
43 108.41 MPa, JE W J1°8 1.12 MPa, 75 5% Ji7 — 18 48

Stress / MPa

1.084e+02
9.748e+02
8.642¢+02
7.556e+02
6.452e+02
5.363e+01
4.265e+01
3.176e+01
2.088e+01
9.829e+00
-1.122e+00

(a) Residual stress distribution of long-segment cylindrical shell
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(c) Residual stress distribution of long-segment cylindrical shell
in Y dircction
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Fig.15 Residual stress distribution of long-segment cylindrical shell
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