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Abstract: As the operating speed of high-speed railways increases, higher requirements are imposed on the welding quality of high-
speed train bodies. The influence of Al-Zn-Mg high-strength aluminum alloy plates with different rolling directions on the hot
cracks, microstructure, and mechanical properties of MIG-welded T-joints was systematically studied. The research results show
that when the welding direction is parallel to the rolling direction, abnormally grown coarse grains appear near the partial the fusion
zone. The eutectic phases Al (FeMnSi) and MgZn with low melting points located on the grain boundaries are heated and melted to
form a liquid film during the welding process, and then liquefaction cracks are formed due to the action of welding thermal stress.
Liquefaction cracks are generally present in the partial the fusion zone. When the welding direction is parallel to the rolling
direction, the number of medium and long liquefaction cracks in the partial the fusion zone significantly increases. By changing the

rolling direction of the base material, the number of liquefaction cracks is significantly reduced, and the microhardness, tensile
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strength, and elongation of the welded joint are improved, reaching 99.81 HV, 321.1 MPa, and 37. 7%, respectively. The tensile

specimen shows the characteristics of both tough and brittle fractures.

Highlights: (1) The microstructure and mechanical properties of T-joints of medium-thick plates of Al-Zn-Mg aluminum alloy for

high-speed railways were studied.

(2) Hot cracks in welded joints were suppressed by changing the rolling direction of the base material.

Key words: MIG welding; Al-Zn-Mg aluminum alloy; T-joint; hot cracks; liquation crack
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Table 1 Compositions of aluminum alloy base metal and welding wire
o Si Fe Cu Mn Mg Cr Zn \Y% Zr Ti Al
Al-Zn-Mg 0~0.30 0~0.35 0~0.20 0.20~0.70 1.0~2.0 0~0.30 4.00~5.00 0~0.1 0~0.25 0~0.2 A
ERS5356 0.13 0.12 0.01 0.05 4.9 0.07 0.13 — — 0.11 Rt
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Fig. 1 Schematic diagram of T-joint and welding equi-
pment. (a) T-joints; (b) welded joint form
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Table 2 Welding process parameters
. p LN A AR, SRR E
SR o
/A uv v/(mm-s ')
F, 215 23.0 7.0
F, 205 22.5 11.3
F; 207 22.0 10.6
F, 203 22.5 10.0
Fs 205 22.5 13.5
Fg 200 22.5 9.5

Il 30 s, il F S M 95%H,0 + 2. 5%HNO; + 1. 5%
HCI + 1%HF, Ji 158 e, SR PRG-I 2 s ve T
FIER T A R AE AT A, K A AR T
B BRI Ve TR, SR /N R
PR TC LA R A A R (30% HCIO, + 70% C,HsOH)
XHURE R T T LRI, FAR R E] A 30 s, HLRN
20 V, AR -10 °C. i ] OLYMPUS GX71
Tl 4 M BB LB 4 A ZH 405 SR FHBC 45 A F T K
BT 9T (electron back scatter diffraction, EBSD) &
4i ) Zeiss MERLIN Compact 3 % 54713 o 1 WL 3%
BEMEE S I R L 4L AL L JT 3R 43 A R R
B ; fd H MICRO-586 7 4= [ A J& ) 304 it 47 4 [
B 2 I, 0 R N 44845 0. 98N, il R
[E] 2 15 s, FH 4B P9 &5 8] B% B 25 8 1 mm; fif
UTM4204X # i1 1 J7 BEIR I8 HLIEA T 5 1R P B
W, H7 A5 B 2 2 mm/min.
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Fig. 2 Location and size for selecting tensile speci-
mens. (a) tensile specimen sampling location; (b)
tensile specimen size
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Fig. 3 Microscopic morphology of base metal. (a) upper
layer; (b) middle layer; (c) lower layer; (d) Fig.3(c)
enlarged
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Table 3 Compositions and possible phases of spots marked in Fig. 3

(VALS Al Zn Mg Cu Si Fe Cr Mn nlfigtH
Spx 95.52 1.33 2.20 0.21 0.16 0.35 0.23 — a( Al
B, 88. 88 5.65 3.82 0.70 0.16 0.50 0.29 — n'(MgZn)
B, 88.36 1.31 2.72 0.11 1.82 4.26 0.22 1.20 Al(FeMnSi)
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Fig. 4 Microscopic morphology of welded joint with
welding direction parallel to rolling direction. (a)
weld OM; (b) fusion zone; (c) fine grain zone; (d)
columnar grain zone
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Fig. 5 Microscopic morphology of welded joint with
welding direction perpendicular to rolling
direction. (a) weld OM; (b) fusion zone; (c) fine
grain zone; (d) columnar grain zone
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Fig. 6 Liquation cracks of the welding direction parallel AT AL REL . X e R AT TR AL R0 ™ 5
to the rolling direction MR 3k f o b 1 g 2 R
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Fig. 7 Results of EDS analysis of the liquation cracks when the welding direction is parallel to the rolling direction. (a)

liquation cracks; (b) Al element; (c) Mg element; (d) Zn element; (e) Fe element; (f) Si element; (g) Cr element;
(h) Cu element
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Table 4 Compositions and possible phases of spots marked in Fig. 7(a)

LivAS Al Zn Mg Cu Si Fe Cr Mn Al REAH
C 93.75 2.62 2.46 0.69 0.01 0.29 0.18 — MgZn
C, 84.30 1.96 6.97 0.35 2.78 2.20 0.37 1.07 Al(FeMnSi)
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Fig. 9 Results of EDS analysis of the liquation cracks when the welding direction is perpendicular to the rolling
direction. (a) liquation cracks; (b) Al element; (c) Mg element; (d) Zn element; (e) Fe element; (f) Si element; (g)

Cr element; (h) Cu element
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Fig. 10 Grain morphology in the fusion zone and heat-
affected zone of the joint. (a) parallel; (b) per-
pendicular
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Vickers hardness distribution of two types of welded joints. (a) hardness measurement when parallel; (b)

hardness measurement when perpendicular; (c) hardness distribution
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Fig. 13 Fracture morphology of tensile specimens of
welded joints. (a) parallel; (b) perpendicular
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