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Welding Residual Stress Estimation Based on the Shape-changed
Strength Ratio and Material Property Discretization

Lin Hongzhi, Xue Caijun, Zhang Junmiao
(Key Laboratory of Fundamental Science for National Defense-advanced Design Technology of Flight Vehicle,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to improve the measurement accuracy of welding residual stress, welding residual stress is
corrected by using shape-changed strength ratio and the method of discretizing joint material property on the
base of residual stress test of 2219-T87 aluminum alloy TIG welding joint, Simultaneously, the effects of plastic
deformation around holes and joint strength mismatch on welding residual stress estimation are studied separate-
ly. The results show that the method of estimating welding residual stress which considers both plastic deforma-
tion around hole and joint strength mismatch can reduce 39. 8% error through contrasting with linear elastic es-
timation method; the way of considering the effect of joint strength mismatch and plastic deformation can reduce
40, 6% error when the distance between the measuring point and welding seam is less than 8 mm; and the joint
strength mismatch effect on welding residual stress estimation can be ignored when the distance between the
measuring point and welding seam is more than 8 mm.

Key words: welding residual stress; plastic deformation around hole; joint strength mismatch; shape-changed

strength ratio; material property discretization

0 5 7
Wi B89 :2012-05-07; {&[E HHA:2012-06-29
_ A _ —_ Sk
ST PR AR L 5 26T & Ve BRSO LK 2219-T87 %‘nﬁﬁ 250~250 C@’??ﬁ@
K2 FF H2t 4 (k(j20110201) WEARTFHKE M. BB RER ¥ HEE, &
LA B R 3 & (BK2012795) MR AR gAY, EEELEF,

B % B8 s hongahi in@ 126. com B T4 A SRR S R Bk P A B



%1

PSS E TR RECE MR ERBNERRRNAGE 61

77+ 38 BUR B G A AR FA 3k (X S B B 7 7 AR B
Sr S » R MAAR A B ROSE R 6008 B2 » W 548 14 B 4L
PEITIRBE HURL A R i R BUIR AR T R ) RAE
MR AR SEAER . FHL, MR ER
BELHBRR N R BEK .

ANFLEE T B B AR L R TR P B W R
AR DL R Tkt o SRR /AL Bk B B R AR R
J1id s B F LA R 1 R B R, & AL R B R A
—ERBHER. RIE ASTM 15 #E E837-81 M
E837-85, /ML ¥k I & B AR B F7 B 5 e R B2 7 (A
AR R R B — 2, BPAEFL IS AR R AL T
PR AT GRADILENRBERRAK BN

0B o<, S 9 D R R B0 B U

BERRARBL AR TEEE .

RN BT AR ZRAY S, FBURS
FEH I 3R A E R R Z RS . X
(10138 145 F 5 45 4% 28 1 S fib 328 JBE A3 B4 B) B9
ERBRETERBATE W EAIEE PR IE LR
SR M, BT TR AR N S HEEZ
FFERKIRE .

AR AN LER 2219-T87 456 & TIG &
BELHETERRDAWE . 8% BT ERIL
X YR AR T 04 3Kk 4 5 BEAS DL S o) U7 2 5 R L
I B B Bk AR R M A R AR
WOAE ML RE AR IR AR B AT B IE .

1 RAEHF*
1.1 ARENAWERE

HEAME A 4 mm R 2219-T87 &£
TIG B4k, il 1 Fim, Rk R sk 1 5
A B AL BARZS - 1B W AL A B+ T g R R

TR EM L+ A TR HE.

L L TR P

B 1 REESK AR AW R

Fig.1 Residual stress test sample of welding joint
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Table 1 Chemical composition of 2219-T87
TIG welding joint

kERS RESP/XK kERS RESP/X%
Si 0.20 Mn 0.30
Fe 0.30 Zr 0.18
Cu 5.80~6. 80 Al H4
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Table 2 Locations of measure point

WERHS AL A FE AR 4R FE B /mm
1 2
2 4
3 6
4 8
5 10

B2 HiLEmREER:L
Fig.2 Welding joint after drilling
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Fig.3 Tensile test sample of welding joint
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Fig.4 Stress-strain curves of welding joint in

different regions
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Fig.5 Sketch of different regions of welding joint
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Table 3 Elastic modulus of different regions

R % HEBER/GPa R % HARE/GPa
WZ 83.51 HAZ 82.14
FZ 81.71 BM 82.58
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Fig. 6 2D finite element model of joint
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Fig.7 Nodes for extracting displacement in

finite element model
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Fig. 8 Boundary conditions in finite element model
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Table 4 Welding residual stress distribution of joint

BERSE RO AR RO AR PEER
BE®/mm e/ pe e/ pe B 3 0./MPa
2 —1520 218 134
4 —860 338 118
6 —515 198 74
8 —205 56 31
10 —90 —39 —13
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Fig. 9 Distribution of welding residual stress by

considering plastic deformation around hole
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Fig. 10 Distribution of welding residual stress by

considering joint’s strength mismatching
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