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Table 1 Mechanical properties of 7A52 aluminum alloy
base metal
Alloy R, /MPa R ,/MPa  A/%  Hardness, HV
7TA52 493 436 11.5 150

1.2 LWHE

AR CMTHP S8 T 2% TAS2 8 A ettt
T2 JZ 2 BN IR I, A< FE x5 250 mmx
125 mm=20 mm, JEET5 A5 E T D7, R
W% 45 ABB /N HIEESIALAS A LA K B Fronius 4 7™
(1) TPS4000 CMT Advanced #&#l. % f £ A 60°
VIR, S AR 121 7R & (50%He+
50%Ar) ) PRA7 AR, = AR FE S HIE 60 C At
FAb IR T 2S8R 3 s, RN & KR H0E
AN L. S35 TR DT, SR T BTR
F ER5356 7 22 J& 42 1) 2 3k id A CP-A, R H
ER5087 J7 22 JE 2123k 8 CP-B.

IG5 A P BRI 22 [ R B S AT L R S5 1
REMI 3BT o BURESAE B S BRI 7 T 4B, AR I
FE2E 1 BE B 5 SR FH Keller 7 (V(HF) : V(HCI):
V(HNO,): V(H,0)=1:1.5:2.5:95) 3T & rh, J& 1kt

Table 2 Chemical compositions of 7A52 aluminum alloy and welding wires

Mass fraction/%

Alloy - -

Zn Mg Cu Mn Ti Fe Si Zr Al
TA52 4.39 2.44 0.17 0.40 0.15 0.11 0.13 0.04 0.11 Bal
5356 0.04 4.76 0.03 0.14 0.10 0.10 0.18 0.08 - Bal
5087 0.02 4.59 0.02 0.75 0.06 0.10 0.16 0.05 0.13 Bal
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Table 3 CMT+P welding parameters of 7A52 aluminum alloy

Welding current/ Welding voltage/ Welding speed/ Argon gas flow/ Diameter of
A \% (m-min~") (L-min™") welding wire/mm
220-240 21.9-22.4 0.36 18 1.2
(b)

B RS SRRE IO E R

Rolling
Qreciion

Fig.1 Schematic diagram of welding equipment and welding passes: (a) Welding equipment; (b) Welding passes
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Fig.2 Tensile specimen size (Unit: mm)
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Fig. 3 Macro schematic diagrams of welding joints with different welding wires: (a) Macro-profile of CP-A; (b) Cross
section of CP-A, (¢) X-ray radiographs of CP-A; (d) Macro-profile of CP-B; (e) Cross section of CP-B, (f) X-ray radiographs

of CP-B
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Fig. 4 Microstructures of welded joints of 7A52 aluminum alloy: (a) CP-A-WZ; (b) CP-A-HAZ; (¢) CP-B-WZ, (d) CP-B-
HAZ
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Fig. 5 EBSD maps performed on WZ of welded joints of 7A52 aluminum alloy: (a) IPF of CP-A; (b) Grain size distribution
of CP-A; (c)Grain orientation distribution of CP-A; (d) IPF of CP-B; (e) Grain size distribution of CP-B; (f) Grain orientation
distribution of CP-B
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Fig. 6 XRD spectra analysis of 7A52 aluminum alloy
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Fig. 7 Second-phase particles on WZ of welded joints of 7A52 aluminum alloy and EDS composition analysis: (a) CP-A;
(b) CP-B; (¢), (d) EDS composition analysis of CP-A; (e), (f) EDS composition analysis of CP-B; (g), (h) EDS composition

analysis of black phase
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Fig. 8 Open field morphologies and diffraction pattern images of TEM in weld area of two kinds of joints: (a) CP-A; (b) CP-B
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Fig. 9 TEM open field morphologies of heat affected zone and base metal of two kinds of joints, TEM-SAED and TEM-
EDS of precipitates: (a) BM; (b) CP-A; (c) CP-B; (d), (g) MgZn,; (e), (h) AlMn; (f), (i) Mg,,(Al,Zn),,

T A AR BN FR e, LR CP-B [ AE B 0 = T
CP-A, ZMHIZ1I 4119 HV. 121 HV. % 154+
CoBEES O, TR ARSI K, 7R B R aE
%27 mm A FIE B X (BM), i FE A R 2
150 HV .

e R RS AT R R 2 A7 o o g 52 1) B S T
o, BSR4 (R R B IR DA LT TR
PRl: 1) PREETE il IR B s M T R 2R St REkLAL
R L 1) 285 P 4 IR R 5 8 DR B 25 R R
b, Al ARSI AR SR AL AR IS5 s 2) SRAET )
Mg H1 Zn S5 54k, 70 3 [RI R 52 $ A F 1 52 e 3 Sobedit
FeE, AFIRAEN B AR MgZn, T3 # >, SE
S MU R E S 3) M2 5 BEA IR BRIT

PC B 2 3 RO G2 IX RO BE AL AIR . H AT T TEM W48
IrHT RN, CP-B HMRSE X T B R 2 TR 22
AP R Ze AN, A5 41 de s AL T TTE 55
WAE— BRI BRI . (EERRIR, [F—H
VL JREEAOAE FEAAC ), BRI AT REAE T Bl
fil SB[ 178 = 52 B R SR E M AEAMER, ()5
BURIERES ARt 2, PR FURZ SR
LI TR TR B AT AR, DR AR S AL ki
HABAR LY 5

G X LT PN BURI AR a3 3 B
TR LA R, BERKIHOREFE
ARHL, (BEELIE LA, HrH AR
AT IR A DA SR A SRS, Bf FL AR A A T



BE32EHE 11

XIPIE, 25 Zr BNINXT TAS2 486 4 CMTHP 1Rk A 4 R PERE RSN 3361

B 10 CP-BHEHAZ F Ui

Fig. 10  Precipitates in HAZ of CP-B joint: (a) Bright field image; (b) HAADF-STEM image; (c)—(f) Element distribution
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Fig. 12 Tensile strength and stress—strain curves of two welded joints: (a) Tensile strength; (b) Stress—strain curve
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Effect of Zr addition on microstructure and properties of
7A52 aluminum alloy CMT+P welded joint

LIU Hong-xu" %, HOU Xu-ru**, LIU Feng', ZHAO Lin?, PENG Yun?, TIAN Zhi-ling?

(1. School of Machinery, Liaoning University of Petrochemical Technology, Fushun 113001, Chain;
2. Central Iron and Steel Research Institute, Beijing 100081, China;
3. Institute for Advanced Materials and Technology, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: Cold metal transfer+pulse welding(CMT+P) of 20 mm thick 7A52 aluminum alloy was carried out with
ER5356 and ER5087 welding wires. The effects of Zr addition on the microstructure and mechanical properties of
welded joints were studied from the aspects of welding defects, grain size and precipitation. The results show that
the two joints are well formed and have no obvious defects. The weld microstructure is as cast equiaxed dendrite,
and strip or block iron rich impurity phase AlFeMn and black phase Mg,Si are found. Compared with ER5356
welding wire, the grain size of weld zone with ER5087 welding wire is reduced by 28.7%, and there are round and
oval nano-sized strengthening phase Al,Zr. Both kinds of joints obtain high tensile strength. The joint strength
using ER5356 welding wire is about 293 MPa, reaching 59.4% of the base metal strength, while the joint strength
using ER5087 welding wire is higher, about 316 MPa, and the welding coefficient is 64.1%. The tensile fracture
position of both joints is located at the weld, and the hardness here is also the lowest, indicating that the weld is the
weakest area of the whole joint. The tensile fracture is mainly dimple with obvious tearing edge, which is
characterized by ductile fracture.

Key words: 7A52 aluminum alloy; CMT+P welding; welding wire composition; microstructure; mechanical

property
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