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Table 1  Nominal chemical composition of AA5754-O
aluminum alloy (mass fraction, %)
Mg Si Cu Mn Fe Cr Zn Ti Al
26-36 04 01 05 04 03 02 0.15 Balance

F2 AAST54-0 HEEM 1% ERE
Table 2 Measured mechanical properties of AAS5754-O

aluminum alloy

Elastic Yield Ultimate tensile Total
modulus/ strength/ strength/ elongation/
GPa MPa MPa %
70 115 230 24
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Fig. 1 Resistance spot weld (RSW) specimen geometry and

dimensions (Unit: mm): (a) Tensile-shear; (b) Coach-peel
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Fig.3 Schematic of Vickers micro-hardness grid measurement
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Fig.2 Microstructure of AA5754-O aluminum alloy sheet
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Fig.4 Schematic diagram of macrostructure and size of AA5754-O RSW
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Fig. 5 Macrostructure of AA5754-O RSW: (a) 5t specimen;

(b) YN specimen
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Table 3 Dimensions of AA5754-O RSW

RSW Nugget Nugget Indentation
stack-up diameter/mm  height/mm depth/mm
54t 7.7 2.6 0.41
N 5.3 1.6 0.25
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Fig. 6 Microstructures of AA5754-O RSW: (a) Microstructure transition in different regions of weld; (b) Columnar grains in nugget
edge; (c) Equiaxed grains in nugget center; (d) TMAZ of N RSW; (e) Columnar dendrite in nugget edge of 5t RSW;
(f) Equiaxed dendrite in nugget center of N RSW; (g) TMAZ of NP RSW; (h) Columnar dendrite in nugget edge of NP RSW;
(1) Equiaxed dendrite in nugget center of 4t RSW
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Fig. 7 Discontinuities of joint in AA5754-O RSW: (a), (b), (c) Expulsion; (d) Shrinkage crack; (e), (f) Liquation crack
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Fig. 8 Vickers microhardness grid measurement results of AA5754-O RSW: (a) 5\/; specimen; (b) 4t specimen

KAH(63~68 HV), Lo I/ MHE(58~63 HV). IXFf
WA 2 ARV A s A S AR rh 20 2 B RO
B, AEROM R 15 N KRB A AR A 5 3

JERZIX TR A Z3 5 BER X A 825 D00, R )
SRS IX AL, e R R RR S . X e Sl i
(R 2 BRI G AR, I AR AZ L S AT R, &) 8 v
BORL IR Hrh, RO ERE A, il
FEAEZ K 58~65 HV o IEANXIRALIE G %, W5t
IOV RE T, PRI Al P82 P v A K i R TG X ke
S 3URS I YSE R RN S 3 A e (S U T S
PIAN Xk, RUEAZ B R X 38(68~70 HV)RIRIZ A4 X
B5(70~74 HV), #EEE)w TR OHAEEA . XA
D3RR Rk B8 2 S A B B ASORA T AL 5 | N A At 2 (1)
A FEU, I BRI bl 27 A DX AR
by IS RED, RN

WEAN, FEPIRPAS [ AR R AR S () FAN LB 52 i [X
HRE ORI 1~2 mm G REAR X o 12X B e v T REA
SR I DA, A AR D TSk 0 R R SRR
M T 5257000 . AASTS4 AT b H g fb 5 4
&, REE R R HGE A R B AR, AL
DX PRI A R R 0 4 T ASORA T AR A K 1) 1 A% i
IR SR

2.5 HEFMHRE
AAS754-0 4544 53t Rl axfr BB A s Sk i
I 0 ) 25 6 1 U A 3 Ay IR S X L3R 40 (iR 4

RIRAFE Y, 3 B 1 ) R R 3850 DA A5 e A S e
A, FERIE I R AR TR, Wk 9
PR e [FHEBIER T SV Bkl b i i K T
ANt BeSARRE WA, R WIBEK MBI 5 1
SIS EAR R IEASGR AR DBy ulRE IR o 2
R B 4 i /eAy, R WIR TR (K5 B iz KT
B TURE, DY BRI £ A Al g 8 S LA PR BT

o BI04 1 TR SR s — 7 A% e P 10
B o TR Bk, AIan 2 AA A% S Lkt
VRIS RO SRR . B BTG, FEITARM A
T 4 B i BT RO A R 2 i I, 7 ZE TR Z B AR T
A AT IR IR BB WIS o 4 AT K B K3
BRI, AR RO A% S I A AR BRI PE T, 280 I
BRI 00 0P TR, WG TR N 2 R 1 K
PRI, R R A A2 — ) L
I, B IHR TR, SRR S B AR SR T,

T4 AA5T54-0 BAA 4 BH ARSI AR AT 5 R AR
Table 4 Peak load and fracture mode of AA5754-O RSW

RSW stack-up Tensile test ~ Peak load/N  Fracture mode

NG Tensile-shear 59734234 Interfacial
NA Tensile-shear ~ 4546+298 Interfacial
5\t Coach-peel 1297111  Button pull-out
N/ Coach-peel 1148456  Button pull-out
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Fig. 9 Fracture modes of AA5754-O RSW: (a) Interfacial
fracture after tensile-shear test; (b) Button pull-out fracture

after coach-peel test
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Fig. 10 Load—displacement curves of AAS5754-O RSW:
(a) Tensile-shear test; (b) Coach-peel test
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Microstructure and mechanical property of
AAS5754 aluminum alloy resistance spot welds

WU Sai-nan', JIA Zhi-hong', GHAFFARI B, LIU Qing'

(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
2. Ford Research and Advanced Engineering, Ford Motor Company, Dearborn, MI 48124, USA)

Abstract: AA5754 aluminum alloy sheets used for automotive body were joined by resistance spot welding. The
microstructure, discontinuities and mechanical properties of the welds were characterized and analyzed by optical
microscope observation, Vickers microhardness grid measurement and tensile tests. The results show that, according to
the differences of microstructure and properties, the weld joint can be divided into three regions, i.e. nugget,
thermo-mechanically affected zone (TMAZ) and base metal (BM). An equiaxed dendritic structure exists in the nugget
center while a columnar structure is observed at the nugget perimeter. Minor amounts of inner and inter-grain dendritic
structures, resulting from partial melting, is found in TMAZ. Discontinuities in the welds are expulsion, gas bubbles,
shrinkage cavity, shrinkage cracks and liquation cracks. The thru-thickness hardness of the BM sheet displays a distinct
variation. A 1-2 mm wide hardened zone was observed around the indentation perimeter and crack tip on the faying
surface in the TMAZ. The positive correlation is found between the weld strength and weld button diameter. The fracture
mode for tensile-shear tests is interfacial fracture while button pull-out fracture for coach-peel tests.

Key words: AA5754 aluminum alloy; resistance spot welding; microstructure; discontinuity; microhardness; mechanical

property
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