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Study on Residual Stress in Friction Stir and Tungsten Inert Gas
Welded 2219 Aluminum Alloy Sheets Using Neutron Diffraction
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Abstract: The 3D residual stresses in the friction stir and tungsten inert gas welded
2219 aluminum alloy sheets were characterized using neutron diffraction. The results
show that residual stress is larger in longitudinal direction after welding process. The
magnitude of the residual stress in friction stir welded sheet is generally smaller than
that in the tungsten inert gas welded sheet. The maximum tensile stress of friction stir
welded sheet is 101 MPa, which is smaller than that of tungsten inert gas welded stress
of 174 MPa. Friction stir welded sheet tensile peaks show at sides of the tool edge, and

the tensile residual stress on the advancing side is higher than that on the retreating
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side. Tungsten inert gas welded stress residual stress peaks show at the sides of welding

zone. Residual stress distributions obtained by neutron diffraction will be used to opti-

mize the welding process and predict the lifespan of 2219 aluminum alloy.

Key words: residual stress; neutron diffraction; 2219 aluminum alloy; friction stir

welding; tungsten inert gas welding
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Table 1 Main chemical composition

of 2219 aluminum alloy
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Fig. 1 Measuring path of FSW and TIG sheets
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Fig. 2 Residual stress distribution in FSW sheet
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Fig.3 Longitudinal residual stress distribution

through thickness in FSW sheet
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Fig. 4 Residual stress distribution in TIG sheet



11

Wi LT 4 - 2219 §1 5 40P B A R B AR DR B B B AR B AR 1L 1) PR T S E 2293

FEBEA 12 mm, B T8 T 988 8 mm 1T IR LR
A% L DS I JRE 11 35 m O  5E E s/D  BL
VAB N E N R v R W N S == N I 3 % A
T3 i fE—69~174 MPa Z ],

55 FSW R4 11 26 o, G ) 5% A Bi 77 4
E, TIG A5 32 4 14 B 1) 3 4% B 77 #6828 /0N , g
FI A HE—24~43 MPa Z 0], 2\ 58 43 N 77
o TIG JE et B8 i AR B2 0 T

TIG JE4 9 0] 82 4% B ) B BUE 3R R
Fb 5 AN [) JE J3E Ak 19 38 4% L T3 KT IR 4 2 B
N [l JEE B Ak 1 9N 1 B 4% 10 43 A L AL S TR
ML S FA H T2 9 1 58 A B ) i K T
EER Y EE RN S, TIG % H AR5 r
BN AT — Z AT IR, Bk AT — J2 35 W R
)2 X8 T A7 B P ORI I 4 R
T WU K0 5% A hi gy e o[RBT G RE B
BB R 46 A8 T 43 % b 2 X ek 3 T A £
FH S DT J2 9 1 8% 4% B 1 s/ F 2 A 1)
A2 R 10 1 =5 S VA 73 1 el SO N 73
Z I,

200
150
100

50

543 H1/MPa

0

=50

_]OG 1 1 1 1 1 1 1 1
-90 -70 =50 =30 -10 10 30 50 70

PEJE4% FhUC R B /mm
B 5 TIG M HeAF BB J5 1) 9N 1) R 4% L ) 43 A
Fig.5 Longitudinal residual stress distribution

through thickness in TIG sheet

3.3 FSWHTIGC BEMGZRRE AR

Ry BU A T R 4 L R S AR AR N T 4y
1,368 T FSW Ml TIG S350 09 F J2 9\ 1 5%
RN TG AT OB S5 R B 6 FoR .

FSW 82 044 19 8% Ak b b J) 1 i/ F TIG
SRR I B R B0 N AR, H FSW AR 3 10 1Y
O\ 1) BR AR N ) gy AT RE AR P 28, U 2
A FSW 2 [ AR AR 35 HOAR L 7 2 2ok 7 v 1) o
L — i A & I s 80 %6 IR T B AR

£ e Sl FEE Y R 14 A T BBV 7 AR G /N
FSW R B 5 # A« i A7 7 il R (9 o088 AR Tl
TR A A B IR Bk A D o R b i DN 5%
TR L A FSW R B2 F (9 5% % 6 T A1 X/
F TIG &Y.

2007 o BEERERE

150 n SR ORGSR

100

50

4% 1/MPa

0

=50

_100 1 1 1 1 1 1 1 1
-90 =70 =50 =30 —10 10 30 50 70

PEAR4E PO BE BY/mm

Bl 6 FSW Al TIG SR HAF T B Y\ 11 5k 4 B ) 431 L3
Fig. 6 Comparison between longitudinal residual
stress distribution of lower plane

in FSW and TIG sheets

4 Zig

AT S 70 R RAG T 2219 SR A &
FSW il TIG 45 42 05 19 = 4 58 43 I 1 43 A 1%
ey I

D) RN 1 5% 4 B 1 R Hoh TIG 42
A 910 8% 43 L ) 6 2l — 69~ 174 MPa,
FSW 4842 4 (4 9 1] 5% 43 i Jg 38 Fl oy — 42 ~
101 MPa ff [ 5% 4% I 1 B 2% ] 5% 4% IO g A
BN,

2) FSW AR 14 1ty 9 1) 5% A% 107 g AE 5l A 3
FEL N A B AR L I T & B AR B I ) B KRB AL T il
JA 315 109 FA S W) DX 5 1 1A ) % 4% R g U
KT 5 1B 1 5k 4 B 0y ) W {5 il A X80 R o7
1 1) % A F L 7 5 8 A I )2 DX R i R B A
PR T3 /N F AR BT 2 K5

3) TIG 1R H 1 9\ 1) 55 A3 N ) A 8 2 X
Pk 5% A% B 7. R XN SR - A 1Y R Ay R
ML T 5 B AR LN ) e KAE A TR 5% i % AR 4
8 b2 XU 5 KRR AR B T3 /N TR
2 X3

4) FSW 5 1% 5o is AL A8 AH LG 51 A 1 3% 4k
NN A B F K T T A R
PERE .



2294

JRTFRERIEHR S3E

SR8 [ 2 W AR 2R M ARRE R S BE IR E 5 v

L Wimpory 18 78 #7775 5 56 71 %8s 4k B

7 T

BT SRR B .

5% 3
[0 i (T 036 02 A K P 0 5 B 0 F 5 S %

(2]

(3]

(4]

(5]

(6]

7]

[8]

J5 1] LML /7 o R0 6 772l 2% i 4f 4 (2006) ——
W 25 T R M ORE & . b at: b S T B R A
2006:45-46.

TARNG Y S, TSAT H L. YEH S S. Modeling,
optimization and classification of weld quality in
welding[ ] ].
Journal of Machine Tools
1999, 39(9) . 1 427-1 431.
R R B, PR M TR R R A D s
BRI AT T2, 2013,42(13)
5-7.

SONG Xiaocun, ZHU Zhengqiang, CHEN Yan-

tungsten inert gas International

and Manufacture,

fei. Research status and prospect of friction stir
welding[J]. Hot Working Technology, 2013, 42
(13): 5-7 (in Chinese).

WITHERS P J. BHADESHIA H K D H. Re-
sidual stress, part 1: Measurements[ ] ]. Materi-
als Science &. Technology, 2001, 17 (4): 355-
369.

B T AL, A ARG R R R AR
KARAR B A7 43 A5 L)), R 3% 4R, 2007, 28 (6)
105-108.

LI Ting, SHI Qingyu, LI Hongke, et al. Resid-
ual stress distribution of aluminum friction stir
welding sample[J]. Transaction of the China
Welding Institution, 2007, 28(6): 105-108 (in
Chinese).

STARON P, KOCAK M, WILLIAMS M, et al.
Residual stresss in friction stir welded Al sheets
[J]. Physical B: Condensed Matters, 2004, 350
(1-3): 491-493.

BRI R AW L 55, TIG J7 353K 5 AR M
FiorAill]. M. 2016(1) . 54-57.

LI Qingqing, SONG Jianling, PENG Jiangtao, et
al. Residual stress distribution of tungsten inert
welding sample[ J]. Welding and Joining. 2016
(1) : 54-57(in Chinese).

WOO W C, EM V, MIKULA P, et al. Neutron

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

diffraction measurements of residual stresses in a
50 mm thick weld[J]. Material Science and Engi-
neering, 2011, A528. 4 120-4 124.

STEUWER A, PEEL M J, WITHERS P J. Dis-
similar friction stir welds in AA5083-AA6082:
The effect of process parameters on residual
stress[ J]. Materials Science and Engineering A,
2006, 441. 187-196.

ALLEN A J, HUTCHING M T, WINDSOR C
G. et al. Neutron diffraction methods for the
study of residual stress fields[J]. Advanced
Physics, 1985, 34(4): 445-473.

SEms IR AL, SRS, AE. FSW 23k 5k A N 1 4y
A BB R [J. RLBE2E 4. 200526 (1) .79,
81-82.

CHALI Peng, LUAN Guohong. GUO Delun, et
al. Technology of friction stir welding residual
stress distribution and controlling[ J]. Transac-
tion of the China Welding Institution, 2005, 26
(11): 79, 81-82(in Chinese).

TERASAKI T, AKIYAMA T. Mechanical be-
havior of joints in FSW residual stress, inherent
strain and heat input generated by friction stir
welding[J]. Welding in the World, 2003, 47(11-
12). 24-31.

ke st L Ae RS RV LS. 2024 R A 4 B R 4
SRERAR DLy 43 ARG L], SRR, 2014, 8. 26-
28,31.

ZHANG Shengbin, ZUO Dunwen, SONG Bo, et
al. Research on residual stress distribution of
friction stir welding in 2024 aluminum alloy[]J].
Welding Technology, 2014, 8. 26-28, 31.
KRR, REERRN ™S HBRIMI b
a0 E A AL AR . 2004,

LAV, 2219 B4 4 TIG IR K& FSW IR 5R A i )
WD) BIRIL i /R Tolk K%, 2016.

EF PIE. A P AR e i AR AR Ay B T e T
RS 3 A LT ). JCHAG I, 2011, 34(6) : 33~
36.

WANG Lei, HUI Li. Measurement and analysis
of residual stresses in friction stir welding

process[ J]. Nondestructive Testing, 2011, 34
(6): 33-36(in Chinese).





