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MIG 2 T RISk #sg i X O ZH 2R ) s mm, o TA2
il A AR T2 DA ] TNOL R AR
FEHESK AL S AL S B0 A AN R AR

1 LI

1.1 MRS

ARSI AT RN TNOTP-T4 48 A S 5L H
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o TR B Al R B 1 R, BT
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Table 1 Chemical compositions of 7NO1 Al and ER5356

welding wire

Mass fraction/%
Element
7NO1 ER5356
Mg 1.19 4.9
Si 0.05 0.04
Fe 0.18 0.12
Cu 0.16 0.02
Mn 0.36 0.14
Cr 0.16 0.07
Zn 4.5 0.02
Ti 0.04 0.08
Al Bal. Bal.

1.2 SEidiz

SRR Ja, AL UIEIVLEE TR
M PTG AR AARE, EATITEE . ML G il
HJE, KM ZEISS MA10 4% H 1 & 3l B3 6 #4452
M X SO A 2R34T %% . SO 2 245 FH Keeller 1551)
(2 mL HF(48%, i &% $0)+3 mL HCI(36%, i &=
73 #0)+5 mL HNO,(68%, Jii & 4 %0)+190 mL H,0)
JE 1 20~30 s, SRJE R FHIE K TK LB ph e 8 ok
PR DA BRAR AR Tt o REUBR I J5 1 4
AHRFE % 15 s, 28 J5 K A FEI Quanta-FEG
250 B LT WA SRR L kL RST P&
A5 BOHAT 7. INTNOL 456 4 MIG fR 8k
OIS EE 1 mm ()RR, IR K B R AR
LA AT A S 2 R E 280 um, RJEH EE



936 T A e E SR

2026 43 H

ND, ~ Welding
direction
Horizontal plate

0.35kJ/mm 0.49 kJ/mm 0.63 kJ/mm
4 3 2
2 2
1 1 :
Backing Backing Backing
Weld joint 1 Weld joint 2 Weld joint 3

E1 7NOIEE4E TRELMIGIEE R EE

Fig.1 Schematic diagram of gas metal arc welding of 7N0O1 aluminum alloy T-joints
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Table 2 Welding parameters of 7NO1 aluminum alloy T-joints

Joint No. Welding current, Welding voltage, Welding speed, Welding heat input, £/(kJ-mm™")
/A /A% v/(mm-s™) Measured value Average value
1 200-210 22.5 9.5-11.3 0.32-0.37 0.35
2 200-215 22.5 6.9-7.8 0.46-0.52 0.49
3 185-200 22.5 5.4-5.6 0.59-0.66 0.63

293 mm H)/NE o, 483 98 A SR Y JEOL-2100
375 S L BB B AR 1 oA 5 RS T W
AT

15 FH 2R BN LA I 44 S T R il XAk (X
e, ARl DX R AR B BDURE A7 B 40 1 2(a) T s
FHAR kb A AR A 2 B U7 [7) TR RS 7 mme hr ik
FETEAR B T anl 2(0) B, R AR 544 2 6.0
mmx2.4 mmx1.0 mm MR, KHFFBE RSN 1
mmx2.40 mmx1.0 mm. R4 2.36 mmx1.0
mmx1.0 mm. X HARFEVIE G s, KA 1807
WA R AR D ZAT B 20,  DAHBRR Sk IE

DN SUR- IVAE DO RN SRR A i
INSTRON-5569 HL J7 BeA EHAIE ML i EAT X Fiz
MR, R A B N 1 mm/min, {6 HR
JE R E (25+3) 'C, 0 A X A AR )
FTI-NiAR 2R N Wi AL E . MR L ESHNIEN =
ANSPATIRBES T R REG,  FEl T IE M AR A
MAREE R . v 7 MR A G ) DX ol AR 5, e FH 28
PIEINLAE TR BT 585 VB R E EE ReE, &4T
BE . %5 K FH MICRO-586 B4 [ 36l 52 kA%
D& 4 PR RS, DDA EART 4 0.98 N Jn#R I (8]
15s, AHARPA A B R 2508 1 mm.
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Fig. 2 Schematic diagrams of micro-scale tension test: (a) Sampling location; (b) Tensile specimen

2 FHRE5DR

2.1 JREEAIMM NSRS X WA LR A $2

Kl 3 From A INOL S8 5 & BEM IO A 2. M\
K3t af LAE H, ASERG 0 T 7TNOT 45 & e BEA
SIS P ELR SRR, SR 2 A A 4ER Al(Fe, Cr, Mn, Cu)Si
W LT FIRD) AT I 7 IR, L AOMAL 4 L’ mem——
BAUIRHIELA ERE . I, aADSEB LS @y ononie s oo a
i KEMOKH(2~20 pum) R Z WHROK I ZE . Fig.3  Microstructure of 7NO1 aluminum alloy
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Fig. 4 EBSD maps of HAZ at different heat inputs: (a) Base metal; (b) 0.35 kJ/mm; (c) 0.49 kJ/mm; (d) 0.63 kJ/mm
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Fig. 5 Grain size of HAZ at different heat inputs: (a) Base metal; (b) 0.35 kJ/mm; (c) 0.49 kJ/mm; (d) 0.63 kJ/mm
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Fig. 6 Microstructures of HAZ at different heat inputs: (a) Base metal; (b) 0.35 kJ/mm,; (c) 0.49 kJ/mm; (d) 0.63 kJ/mm
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Fig. 7 Microstructure statistics of HAZ at different heat
inputs
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sEER. HE8(b)~(d)T LA H, AHET 7TNO145
HETM, SRR T gz X 4K
AR B b, BRI RN, 2K
FOREUBORCIR, BT HAH S o Al BEAA (¥ 3 5L 5E
B . HE8(e)rT AE Y, AT HI AR A OR = ZE A
Mg, ZnJitz, S5GIEXHETATH, w R e 4K
BT A ' (MgZn,) M o X2 ' A2 AR AH
WFHITFEATREIRES, HERE ST 180 CH, &
TR AE R B R AR IR . AR R OR )
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Element w/% x/%
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Mg 4.91 6.36
Zn 31.24 1535
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Fig. 8 Bright-field TEM images and EDS analysis results of HAZ at different heat inputs: (a) Base metal; (b) 0.35 kJ/mm;
(¢) 0.49 kJ/mm; (d) 0.63 kJ/mm; (e) EDS analysis of point 1 in Fig. (a)
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5L o

2.3 EEAGANAEEXME DF RN
231 JRHEEA AR ARSI DX TR E AR S
INO1 45 & & BERS BAS RIAR S5 T G i
DX F 5 A s P2 00 8 SR 1] 10 P . HT &I 10 AT A
A, AR R X SR £
AR 7 T, BERERARE IR R B AR AR X



H36EH3IH e, S5 B TINOL 556 6 MIG SR X O AL 2L 77 2 PERE 152 943

300
(@

(b) —— LI

25 mm

Temperature
measurement point

Temperature/C
@
S

100
50
L\\\L— 0 20 40 60 80 100
Time/s
300 350
250 300
250
© 200 &
[} —
= El 200
§ 150 g
é §.150
(0]
= 100 = 100
50 50
0 20 20 60 20 100 0 20 40 60 80 100
Time/s Time/s

B9 ARG T A0 X T AR 28

Fig. 9 Jointing thermal cycle curves of HAZ at different heat inputs: (a) Temperature measurement point; (b) 0.35kJ/mm,;
(c) 0.49 kJ/mm; (d) 0.63 kJ/mm
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Fig. 10  Microhardness distribution curves of HAZ at (485159 95HV . 8OHV I 85HV . 13k 38 B 42 i) 4 132
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Effect of heat input on microstructure and mechanical properties of
MIG welding heat-affected zone of 7N01 aluminum alloy

MA Guolong', HAN Xiaohui', WU Laijun®?, LIN Danyang> >, LI Shuaizhen', SONG Xiaoguo®*, FENG Jicai**

(1. Technical Engineering Department, CRCC Qingdao Sifang Co., Ltd., Qingdao 266111, China;
2. State Key Laboratory of Precision Welding and Joining of Materials and Structures,
School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
3. Shandong Provincial Key Laboratory of Special Welding Technology,
School of Materials Science and Engineering, Harbin Institute of Technology at Weihai, Weihai 264209, China)

Abstract: In order to investigate the influence of heat input on the microstructure and properties of the heat-
affected zone in 7NO1 aluminum alloy, T-joint specimens were prepared using gas metal arc welding under three
different heat inputs of 0.35 kJ/mm, 0.49 kJ/mm and 0.63 kJ/mm. The microstructural evolution and
micromechanical properties of the heat-affected zone were analyzed through transmission electron microscopy,
electron backscatter diffraction, micro-tensile testing and microhardness testing. The results show that, reducing
the welding heat input is an effective means of suppressing the softening phenomenon in the weld heat-affected
zone of the 7NO1 aluminum alloy, thereby enhancing its micro-mechanical properties. When the welding heat
input is reduced from 0.63 kJ/mm to 0.35 kJ/mm, the micro-hardness of the heat-affected zone increases from
85HV to 95HV (increased by 11.7%), the micro-tensile strength increases from 239.7 MPa to 281.6 MPa
(increased by 17.5%). The softened zone of the heat-affected zone improves by controlling the welding heat input,
because the lower heat input can suppress the dissolution and coarsening of nano-sized 7' (MgZn,) strengthening
phases and grain growth, while also refine the deformed microstructure. This collectively leads to the
strengthening of the softened zone.

Key words: 7N01 aluminum alloy; welding heat input; heat-affected zone; joint softening; MIG welding
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