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Effect of TIG Repair Welding on Microstructure and Properties of
Friction Stir Welding Joint of 2219 Aluminum Alloy
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Abstract  The notch in the middle of the original friction stir welding (FSW) joint was patched to simulate the
weld defects. The weld defects in the middle position of the FSW joint were repaired by Tungsten Inert Gas (TIG ).
The influence of the repair welding process on the microstructure and mechanical properties of the joint was studied to
provide technical support and follow—up engineering guidance for the performance evaluation of the FSW weld of the
tank. The results show that the TIG weld zone of the repaired joint is mainly composed of coarse equiaxed dendrites
as compared to FSW joint. At the interface between the FSW joint and repaired joint coarse equiaxed grains and
refined equiaxed grains are intermingled. The solid— solution zone of the repaired joint is greatly affected by the
thermal cycle with coarsened grain, while the overaging zone is less affected by the thermal cycle with the occurance
of over—aging phenomenon and the presence of a softening zone. The tensile strength and elongation of the repaired
joint are decreased as compared to the original FSW joint. The hardness distribution is substantially "W" shape with
the lowest hardness in the WNZ. Crack initiation of the repaired joint occurs at the weld toe displaying a large
number of dimples on the fracture surface. Meanwhile, second phase particles are detected in the dimples showing a
typical ductile fracture mechanism.
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Tab.1 Chemical composition of 2219-T87 aluminium alloy

L2 153 %o J1% g
Al Cu Mo Zr R BUROREE o /MPa SEfR/%
AfE 603 031 018 <025 450~455 12.0~13.0

FSW i 56 2R FH A9 = 200 T & /2 A il 19 LQH-
G15 Jo I 12U PR BRI AIL , Ptk RO BB AN T - il
JAEHAZN 18 mm, fFEE R ELAE A 8. 0 mm, i F 3k
KEER 5. 85 mm, WAL 1 iR . FSW T. 2 S5t #45
FEHEHE N 600 r/min , F242 3 5 2 200 mm/min.

(a) FSWikBhikss (b) Pk A
El1 FSWiRkER 4 S ik

Fig. 1 Test equipment of FSW and stirring head
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R T ALY A H FSWARLSE (1) A2 I 8 15 D, AR
Je TR JEUUR FSW 4223k Hp [B) 40 8 X b4 425 % b, e 1 R
SN TEE 6 mmxERFE 4 mm), AR M TIG i R an [ 2
Fim o RS BOINT AN R R BN 160
210 A, B34 5 FE X B 160~180 mm/min , 1% 22 3 JiF
P E A 1 800~2 000 mm/min , #1 %K 100 Hz, %22
Ve ER2325 fit ez FR4% 5 14129 13 mm,

Welding direction

Al2219

2 ASHE TIG # MG R
Fig. 2 Photograph of variable polarity TIG welding
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Fig. 3 Photograph of microhardness test points
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Fig. 4 Cross—section macroscopic feature of

the welded joint and the repaired joint
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Fig. 5 Microstructure of the welded joint
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Fig. 6 Microstructure of the repaired joint
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Fig. 7 Microhardness distribution of the joint under different

repair welding conditions

F2 [RIAFSWESLRIMERE ARG R
Tab.2 Tensile test results of the welded joint and
repair welded joint

e CPRBURBREE  CPWRBHRAM TR
#uugﬁﬁ

o,/MPa FUN /%
1-3 334.88 32614.50 9.85
4-6 314.53 30631.41 6.85

2.2.2 HRHMEREDHT

P18 Ay J5i dfy FSW 55 I 2 Sk i 7 T T 24 B AR
i & 8 (a) W] LA Y, JELAR FSW 32 3k fit 7 247 8 LA
{7 F HAZ I, B R R iz ik A2 SRR R 52 ), b
FITR K, T2 rene e 2. ARk 1Y B 242 2L
B A T AN BE AL T AT HE I G X e, 5 SSZ
MOZ &AW 24 M85 G. Q. WANG %5 N ik &
PR, MR S% Ay X 2219-T87 514 4 TIG J4% 12 M fig
A2 S, 52 TIG AN A 8 T8 AR Kk ¥ O 5%
Wa , K5 BEAb 25 5 K HE N g SR v R B FZ AR AR A o AR
rf A AL DL SO AR R, DR 25 &) A Ak
P RABOTT R EW S, GnE 8 (b) s .

(a) DRUAFSWHE

Smm

(b) MRk
I8 R FSW HEk Mot He Sk A AR I DT 2 A2
Fig. 8 Cross section fracture path of

the welded joint and the repaired joint
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Fig. 9  Fracture morphology of the welded joint

P10 R S i 55
Fig. 10  Fracture morphology of the repaired joint
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