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Abstract: 7 series duralumin alloys are widely used in aerospace and automotive fields. Tungsten inert gas (TIG) welding
can be used to repair components, but the welding defects and the lack of special wire make the strength of the welding layer
insufficient. In this paper, ER5356 welding wire was used to 7075-T6 alloy fusion welding, and friction stir processing (FSP)
was carried out on TIG welding layer to improve the performance. The effect of rotation speed on the microstructure, mechani-
cal properties and fracture behaviors of the welding layer was studied, with the certain TIG welding processing parameters and
traveling speed. The results show that the TIG welding zone (WZ) is composed of coarse dendrites, and FSP eliminates the
macroscopic defects in the WZ, significantly refines the grain size and reduces the composition difference between the stirring
zone (SZ) and the base metal. The tensile fracture of TIG overlaying sample is located in the center of WZ, which has the
lowest hardness and strength. FSP significantly improves the hardness and strength of the welding layer, with the fracture loca-
ted in the thermo-mechanically affected zone (TMAZ) on the FSP advancing side. With the increase of rotation speed, the av-
erage grain size of SZ decreases, the strength of TMAZ and SZ increases, while the plasticity decreases.
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Fig. 1 Macroscopic morphologies of the plate after TIG overlaying and FSP
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Fig. 2 Schematic of the sampling position and sample size (mm) for the tensile experiment
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K3 TIG KB i R T B AR SUR A
Fig. 3 Metallographs of the longitudinal section of the TIG overlaying sample

F 1 TIC H#&F TIG+FSP # & EDS A HTEER
Table 1 Chemical composition results by EDS for TIG and TIG+
FSP samples (w /%)

Points Al Mg Zn Cu
Fig. 3a-1 94.8 4.8 0.2 0.2
Fig. 3a-2 92.6 3.8 2.6 1.0
Fig. 4a-1 91.0 3.5 4.2 1.3
Fig. 4a-2 89.6 2.7 6.0 1.7

L 600 v/min AYFEHEIEAT FSP, #1604 A1 WA 4a
i, ERHSEEZEARNFERHREX stirring zone, SZ) 1
WL 5 W X ( thermo-mechanically affected zone, TMAZ)
SZ L FRIAZZHIE R, AE AP TE BT B Al i X
FRUAT B Y PR IR, X5 AR A A I BT S e o AR
ARSI Y FE SZ KRB B R e AL, A
UGG, TERTHEN (advancing side, AS), SZ F1 TMAZ 2
[BIAEAE— AR B, T7E BB M (retreating side, RS)
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X SZ A TMAZ ZH 24334575 B 5 (R 52 )
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1000 r/min FFEE R34 ok R 435020 7.9 A1 6.1 pm,
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B4 TIG+FSP-600 F: il i S AHALSUR
Fig. 4  Metallographs of the TIG+FSP-600 sample

K5 TIG+FSP-1000 i B G AR ZUR A
Fig. 5 Metallographs of the TIG+FSP-1000 sample

. - - e - 7 7
16 TIG #i % X (welding zone, WZ)SEM M A (a), TIG+FSP #fidii+E[X (stirring zone, SZ)SEM H#h . (b) 600 r/min, (c) 1000 r/min
Fig. 6 SEM image of TIG WZ (a), SEM images of TIG+FSP SZ: (b) 600 t/min, (c) 1000 r/min
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Fig. 7 Hardness profiles of cross-section along the horizontal direction
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Fig. 8 Typical stress-strain curves (a) and tensile properties (b) of tensile specimens sampled perpendicularly to the machining direction

£ 2 TIGC BRI TIG+FSP ¢ SR e &
Table 2 Summary of tensile properties of TIG welding layer and after FSP

Yield strength/MPa Tensile strength/MPa Elongation/ % Fracture
S1/82/83 Mean S1/82/83 Mean S1/S2/83 Mean location
TIG 174.8/175.1/177.6 175.8 335.4/337.8/337.0 336.8 8.4/8.0/8.5 8.3 Wz
Across  TIG+FSP-600 186.8/189.7/194.5 190.3 403. 6/390. 8/394.0 396. 1 7.6/8.4/7.9 8.0 TMAZ-AS
TIG+FSP-1000 229.4/223.9/233.6 229.0 412.7/397.3/414.9 408.3 7.0/7.2/6.8 7.0 TMAZ-AS
TIG 196. 8 329.7 9.3 WZ
Along TIG+FSP-600 309.4 458.7 16. 1 S7,
TIG+FSP-1000 331.3 475.5 14.7 S7.
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B9 TEETINTI5 XA BRI . (a) TIG, (b) TIG+FSP-600, (c) TIG+FSP-1000
Fig. 9 Fracture locations of tensile specimens perpendicular to the machining direction; (a) TIG, (b) TIG+FSP-600, (c¢) TIG+FSP-1000
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BURHIE 56 3 2 R I A BRI MR — 3K, 280t FSP,
Wi OB S AR 1 B 2%, W& 10b Tz, B 10 A s A B
AR ZLRFAE (X 5 PR ET 1 BRI VE 5 20 < B AR
FOE, WE 4 FES), HE&ERg, Hhatfihd

w5 Wi W 2 B SR A A A R S YRR, B
B2, RINPINE-NE IR G W28, FSP i i il
/NI B e T AR B, AR Ny L, OF B
RERHAT2LLCAY P g, (56 B A OB LA B sk . Al 10c
Iz, BEBERE KR, W O R R AT AR A 2 2R
P i e P A ] TR S R TTE 2E < NP PR
Jo R AR TR

TIG+FSP-600

TIG+FSP-1000

10 N7 T RLARRRE T DY SEM B8 7. (a) TIG, (b) TIG+FSP-600, (c¢) TIG+FSP-1000
Fig. 10 SEM images of fracture of specimens along the machining direction: (a) TIG, (b) TIG+FSP-600, (c¢) TIG+FSP-1000
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AR SCE BRI N T (friction stir processing, FSP) |
T 7075-T6 454 4 B WG T AR AR B (tungsten inert-
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(2) S FMEEBLYE T TIG 5 4 DX rfr iy 1 B

ISR AL, A P ARE I i () T 244 8, FSP il
YA X )P RE FE AR T 411.6 MPa L b, FTZEOUHAHL
S X R IS R Y, 156 B A2 B i I e £
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B DX, 5 AR i g S SN I A RN
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R REET 58% . FSP 1 R i s A FE45 R 7075 B44
HE ASERMR T e n e, BRIl
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