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Microstructure and mechanical properties of 7075-T6 aluminum alloy
joint by welding with reinforcement rolling

WANG Zejie, SONG Gang, LIU Liming

(Liaoning Province Key Laboratory of Material Welding and Joining Technology, Dalian University of Technology, Dalian,
116024, China)

Abstract: To improve the mechanical properties of 7075-T6 aluminum alloy fusion welded joints, the welding with reinforcement
rolling process was proposed. In-situ rolling of the weld reinforcement was performed during the welding process using a self-
designed welding with rolling device. Vickers hardness tester and universal testing machine were used to show the hardness
distribution and tensile strength of the joint at different rolling temperatures. The microstructure of the fusion zone (FZ) and heat-
affected zone (HAZ) were observed by scanning electron microscope configured with EDS and EBSD. The results show that the
hardness of the FZ and the solid solution region in HAZ of the joints can be significantly improved by the WR process, and the
highest strength coefficient of the joints reaches about 81.4%, which is 41.9% higher than that of the conventional arc welded
joints. Mechanical property is significantly improved due to the increase in low angle grain boundaries and dislocation density, with

less correlation to grain size and second phase distribution.

Highlights: (1) The WR process is applied to 7000 series aluminum alloy.
(2) WR process successfully achieves high-strength welded joints by once-forming.
(3)Weld strength is improved due to the increase in low angle grain boundaries and dislocation density.
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Table 1 Chemical compositions of base metal and wire
Tk Zn Mg Cu Fe Mn Si Cr Al
7075-T6 5.75 2.39 1.58 0.20 0.09 0.07 0.20 N
ER5356 0.10 4.50 0.10 0.12 0.10 0.25 0.15 At
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Fig. 1 Schematic diagram of welding with rolling system

and dimensions of tensile specimen
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Fig. 2 Mechanical properties of different joints. (a) micro-
hardness distribution; (b) tensile tests results
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Fig. 3 Cross section and fracture morphology of different joints. (a) joint cross section; (b) fracture location; (c) arc
welded joint; (d) WR35 joint; (e) WR40 joint; (f) WR45 joint
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Fig. 4 Grain morphology and grain boundary distribu-
tion map. (a) arc welded joint-fusion zone; (b)
WRA40 joint-fusion zone; (c) arc welded joint-solid
solution zone; (d) WR40 joint-solid solution zone.
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Fig. 5 Distribution of GND density. (a) arc welded joint-
fusion zone; (b) WR40 joint-fusion zone; (c) arc
welded joint-solid solution zone; (d) WR40 joint-
solid solution zone.
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Fig. 6 SEM analysis of arc welded joint. (a) base metal; (b) weld center; (c) partially melted zone.
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Table 2 Energy spectrum analysis results of arc welded joints

A Al Zn Mg Cu Fe Mn Cr
1 72.92 3.8 1.02 5.46 15.98 0.61 0.2
2 76.72 9.43 8.35 5.5 — — —
3 84.68 3.83 3.92 2.25 4.92 0.23 0.18
4 78.4 8.63 7.78 4.61 0.41 — 0.17
5 68.68 16.21 6.8 8.32 — — —
6 73.57 14.31 4.86 6.87 0.23 — 0.15
7 53.03 23.58 9.1 14.29 — — —

Em
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(d WR40 oA LIX (e) R45 JEgg s

7 BEIRTRIERELIELEX SEM
Fig. 7 SEM analysis of WR joint. (a) weld center of WR35 joint; (b) partially melted zone of WR35 joint; (c) weld center
of WRA40 joint; (d) partially melted zone of WR40 joint; (e) weld center of WR45 joint; (f) partially melted zone of
WR45 joint.
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Table 3 Energy spectrum analysis results of WR joints
5 Al Zn Mg Cu Fe Mn Cr
8 73.98 12.36 7.53 6.12 — — —
9 70.7 13.94 7.8 7.57 — — —
10 54.2 2.54 0.95 8.57 32.06 1.25 0.44
11 85.28 9.01 2.67 3.03 — — —
12 75.51 9.86 8.49 5.75 0.38 — —
13 74.6 10. 15 9.41 5.84 — — —
14 77.77 10.58 4.38 5.5 1.23 — 0.53
15 78.48 11.35 4.29 5.88 — — —
16 77.93 9.9 7.25 4.92 — — —
17 86.28 6.36 6.34 2.54 — — —
18 57.5 20.94 7.58 13.61 0.38 — —
19 81.95 10.48 3.54 4.03 — — —

/b Zn TR KB, Ik ks Zn JTTE A Cu T
RO RAT NG, T LA Bl RO 42 3k A 3 —
B K HE 43 S A EE T R AR Sk 9 e

B,
3 %k

(1) BEFE AR 08 5 T 25 i Bhal i — e 345
7075-T6 554 4w ol KR e S, 3k ok 8 R B
AT LA BIEEBF ) 81. 4%, AH T B KR 32 Sk 5 J3E
L1 41.9%.

(2) FREEH FE A B2 25 L R T 2 B 3G K
F/INF B f 38 T, Aok RUSE B35 — 43 A o H:
AR

(3) HE TR Sk J A SR T A 1 3 R SR e T
Jrag v, (HIR BRI A i T DA in o 2k ie g,
A% e IR R AR T S KR v O BE 1, R BUE &2k
BT R A v 55 IX 8k, T A R R Sk 2 i 24 1
JREE DI G AR M.

S 0k

[1] Zhang L, Li X, Nie Z, et al. Softening behavior of a new Al-Zn-
Mg-Cu alloy due to TIG welding[J]. Journal of Materials Engin-
eering and Performance, 2016, 25: 1870 — 1879.

[2] Zhong S, Han S, Chen J, ef al. Microstructure and properties of

7075 aluminum alloy welding joint using different filler metals[J].

B3]

(4]

[3]

[l

(7]

(8]

9]

Materials Today Communications, 2022, 31: 103260.

RN, sk AR, FRILME, 2. BOG-A I & 14 7075-T6 R &
ST [0 T ERRE: HORBEAE, 2013, 43(7): 785 -
792.

Wu Shengchuan, Zhang Weihua, Jiao Huisheng, et al. Softening
behavior of laser-arc hybrid welded 7075-T6 aluminum alloy
joint[J]. Scientia Sinica(Technologica), 2013, 43(7): 785 — 792.
Ma G, Yue K, Liu D, er al. Cracking susceptibility control of
7075 aluminum alloy in pulsed laser welding with filler strip[J].
Optics & Laser Technology, 2022, 152: 108119.

Wl &2, BOEsE, %, 7075 BA 4 MIG Kk AR
12 P RE R Gt P Fy B2 3 SO (0], R4 2441, 2021, 42(7):
51—-59.

Xu Teng, Zhang Chunzhi, Lu Kuanliang, et al. Microstructure,
mechanical properties and stress dependence of corrosion resist-
ance for MIG welded 7075 aluminum joint[J]. Transactions of the
China Welding Institution, 2021, 42(7): 51 — 59.

Li S, Xu W, Xiao G, et al. Effects of Sc on laser hot-wire welding
performance of 7075 aluminum alloy[J]. Materials Research Ex-
press, 2020, 7(10): 106506.

WA, R R, S S0 IR TAS2 45 A ot L A 41k
RERISZNA [J]. KRHE274, 2017, 38(11): 66 — 70.

Chen Chao, Chen Furong, Zhang Huijing. Effect of aging treat-
ment on the weld quality during laser welding of 7A52 aluminum
alloy[J]. Transactions of the China Welding Institution, 2017,
38(11): 66 — 70.

Zhang C, Gao M, Zeng X. Workpiece vibration augmented wire
arc additive manufacturing of high strength aluminum alloy[J].
Journal of Materials Processing Technology, 2019, 271: 85 — 92.
Zhang H, Chen C. Effect of pulse frequency on weld appearance
of Al alloy in pulse power ultrasonic assisted GMAWT]J]. Journal


https://doi.org/10.1007/s11665-016-2014-7
https://doi.org/10.1007/s11665-016-2014-7
https://doi.org/10.1007/s11665-016-2014-7
https://doi.org/10.1016/j.mtcomm.2022.103260
https://doi.org/10.12073/j.hjxb.20210212001
https://doi.org/10.12073/j.hjxb.20210212001
https://doi.org/10.12073/j.hjxb.20210212001
https://doi.org/10.1088/2053-1591/abbd0a
https://doi.org/10.1088/2053-1591/abbd0a
https://doi.org/10.1088/2053-1591/abbd0a
https://doi.org/10.12073/j.hjxb.20160105004
https://doi.org/10.12073/j.hjxb.20160105004
https://doi.org/10.1016/j.jmatprotec.2019.03.028
https://doi.org/10.1016/j.jmapro.2021.09.047

B &

2

i % 46 %

[10]

(1]

[12]

of Manufacturing Processes, 2021, 71: 565 — 570.

Chen J, Wei Y, Zhan X, et al. Weld profile, microstructure, and
mechanical property of laser-welded butt joints of SA06 Al alloy
with static magnetic field support[J]. The International Journal of
Advanced Manufacturing Technology, 2017, 92: 1677 — 1686.
B, EAEA, HAEUE, 55, BEAR vh B H 0 IR DG i 45 7K
BRI R AR SRR [J]. R HEAT, 2013, 34(3): 37 —
40.

Yang Jianguo, Wang Jiajie, Dong Zhibo, et al. Influence of weld
shaping with trailing impact rolling on hardness and residual
stress of under-matched equal load-carrying joint[J]. Transactions
of the China Welding Institution, 2013, 34(3): 37 — 40.

Wang Z J, Fan X Y, Zhang Z D, et al. Microstructure and mech-
anical properties of 7075-T6 aluminum alloy plates by welding
with weld reinforcement rolling[J]. Materials Science and Engin-

eering: A, 2024, 889: 145854.

[13]

[14]

[15]

Cheng J W, Song G, Zhang Z D, et al. Improving heat-affected
zone softening of aluminum alloys by in-situ cooling and post-
weld rolling[J]. Journal of Materials Processing Technology,
2022, 306: 117639.

Jin Y H, Chen Y S, Ma Y M, et al. Fatigue crack propagation of
7050 aluminum alloy FSW joints after surface peening[J]. China
Welding, 2023, 32(1): 18 — 26.

Wu S C, Yu X, Zuo R Z, et al. Porosity, element loss, and
strength model on softening behavior of hybrid laser arc welded
Al-Zn-Mg-Cu alloy with synchrotron radiation analysis[J]. Weld-
ing Journal, 2013, 92(3): 64 — 71.

FE—1EE: BEA, WL A FENEREG SR
5% ; Email: zejie wang@163.com.

WBEMEERN, B, #E, M4 F0; Email
songgang@dlut.edu.cn.

(%%E:  XIERR)


https://doi.org/10.1016/j.jmapro.2021.09.047
https://doi.org/10.1007/s00170-017-0268-3
https://doi.org/10.1007/s00170-017-0268-3
https://doi.org/10.1016/j.msea.2023.145854
https://doi.org/10.1016/j.msea.2023.145854
https://doi.org/10.1016/j.msea.2023.145854
https://doi.org/10.1016/j.jmatprotec.2022.117639
mailto:zejie_wang@163.com
mailto:songgang@dlut.edu.cn

	hjxb-2025-3_print_merge.pdf
	随焊余高碾压7075-T6铝合金接头组织和性能


