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steel/aluminum spot welded joints
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Abstract: The two materials, steel and aluminum, are difficult to weld because of the large differences in
physical properties and chemical composition, resulting in steel and aluminum welding becoming difficult. To
obtain high-quality steel/aluminum joints, seven laser scanning paths were used to perform lap joint spot welding
experiments on two metals, DP780 duplex steel and 5083 aluminum alloy. The effects of the laser scanning path
on the macroscopic morphology, metallographic organization, microhardness and shear strength of the
steel/aluminum joint were studied. The results show that the change in scanning path has a greater impact on the
joint compared to conventional welding. Swing welding joints have better joint quality and better weld surface
formation. Steel/aluminum joints are mainly composed of martensite and ferrite. The use of laser swing spot

welding joints with obvious grain boundaries, a small amount of lamellar pearlite at the junction of martensite and
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ferrite, and there is no significant difference in the grain types of the weld, so the mechanical properties of all

parts of the weld are the same, reducing the stress concentration phenomenon after the force is applied. The

mechanical properties of the swing spot welded steel/aluminum joint are enhanced, the maximum microhardness

of the steel side joint can reach 450 HV, 1.06 times that of conventional, and the shear strength is 83 N/mm,

2.12 times that of conventional welding.
Key words: laser oscillation welding;

microhardness;  shear strength

0 3l

g — B WG AT T T BT A A 1
WA R A T U ) R AR 2 — .
PR R B M S PR R 22 SRR, R
R, 2377 4E FeAly, Fe,Als S5 it 42 J& [ AL &4,
XS B PERE ™ A A MR o 2580/ 2k 0 i TR
JEE gt v e AR, 2 S 2 Sk 0 fg P A 5 B2, DRI L
B S Sk B felT TR 32 BRI

R[] A Sh AR 22 25 3 0000 0o 3 B AR T,
RIS JOCIRES S5 7 1k SCBUM /A0 PRI AR
A, WEFET5 1) [ S8 QA 250 e 1 s Rl AR
Py Rk s 4k i 1 e R RE R T . HRT RO 7 ik 5
AP, 235 BB TR ML
FEAEN, WA S 2GRS EES
RSB 0 A b e SR T R JEE AR S, B S I Y
XA PR KA R RE T,

WO B A RE AR R L RIS | BRARE )/
SFUC L, B2 R AE SRR R AR R Ot
FEBIFHAE R — Bl B A O IR HEOR, T AR 4
(19 ] 5 0] RO SR B i, a2 CFL, 42 ) A D
RES oA, AL RDRE T AL T RLBOE R4, 3
IR B AR 2 FT LB TS o3 R 2 (W) A A 2, e 4 Sk
HoAg B i e B 1 AR I S5 U7 SR oL #2
BRI LZ KR TCA BRG BHk, M L TR %42 T
SRGERUR | AR A LR PR EE MG X 51, & B2 S
TR Sk A DR R 4 TR LR e . TR 251 RO
R 6A01-TS R 54, 148 7RI BB 5]
R JC B R B R AR T ELAR B N B AL R R T
1%, e RSFLE AN 50 um, 454242 3K 11 b fofc e
9 55 5 AR A B R R BE 4R T o 2 AR AR il 8k

il

weld forming;

metallographic organization;

JCIR BN IETE 6061 5144 I 316L AN, A HL T #L
FREZ, B I R BT VI3 B T 38 117.5 N/mm., PR3 R
S5 O3 S O B HE Q235 B, BFSY R B, OB
Bl K o3 T b AR B, e b AR B 2 | R I B A B B
%, AR 5 6 it I 3B B B A AT DAG 2 4 2
Pk b, 40P ARoRE, 0 5 B i M S 1) o R B, 4
VARV S 0 NN C 7 9| N 7 VR R A e e
Bt pe s Sk W E P . (AR SECY Sl A SR S,
A OB AN, KRS 0 T B A B KR AR
Fto Kraetzsch 4822 1Ay, B8 I 42 Sl 4 £z 09 49 4 98 BE
A DA B HA Y 518 A 0 A X 58 /4 42 3k, X &
T AR I B FEE AT R TS R . SRR S
i 4 I (B) Ak 5 9 1 1 38 RO g A 38 m, {H 85 RRT
T CH 23 FL R 22k /0 P Kar %5 24 (i A 428 Bl A5
AISI 316L S #2315 B RS B8 G A X M5
I A €S A O S S (I E VA 3 N Y W DA = 2 e e
(CEIPNIER7-50 s

SCHTLL 5083 45 A 4 Fl DP780 XUAH A4 Ay A 5% Xt
G, 0 S 4 AT R AR RSO R B SR,
PRB) SR N AR S I R R L A B
T 5 P S, S B L R R R sk ) v AT, R
PR S O R A F 5 B L 1 S
1 REHRE
1.1 gt

SR 1 mm JREFE () 5083 FR 4 4 Al 1.2 mm JRJE (1)
DP780 SUAH AR5, ‘© 1119 R+ 354 20 mmx80 mm,
FE MR R e 1 TR . R B VR
PR ER AR, BRI BLANMAG o SR 5 HI SN R X
FIESFRAR 1, KBRFRE M EAL)Z

F 1 EMHEZNERS RESEH/%)

Tab.1 Main chemical composition of the base material (mass fraction/%)

Material Mn Si Ti Mg C P S Zn Cr Al Fe
DP780 1.95 0.235 - - 0.16 0.022 0.007 - - 0.132 Bal.
5083 0.5 0.1 0.03 4.7 0.03 0.1 Bal. 0.3
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Fig.1 Schematic of laser welding. (a) Schematic of scanning path and

number; (b) Schematic of lap joint of steel/aluminum joint
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Tab.2 Test parameters
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Laser Input Amount of

No. power/ energy defocus/ " breadth/ cycle/ frequency/
w oW mm path mm mm Hz

1 1650 75047 -1.5 1 1.2 1 20

2 1650 750.47 -1.5 2 1.2 1 20

3 1550 70691 -1.5 3 1.2 0.925 20

4 1550 706.91 -1.5 4 1.2 0.925 20

5 1550 70691 -1.5 5 1.2 0.925 20

6 1550 686.84 -1.5 6 1.2 0.925 20

7 1350 599.89 -1.5 7 0 0 0
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Fig.2 Shape of the weld seam with different spot welded joints.

(a) Front side of the joint; (b) Back side of the joint
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Fig.5 Different welded joints fusion line area. (a)-(g) Metallographic organization of 1%-7* welded joint
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Fig.6 Different welded joints at the top of the weld. (a)-(g) Metallographic organisation of 1%-7* welded joint
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Fig.7 Different welded joints bottom. (a)-(g) Metallographic organisation of 1%-7* welded joint
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Fig.8 Microstructure of different welded joints. (a) Microstructure of 5 welded joint; (b) Microstructure of 7* welded joint
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Fig.9 Microstructure of 5* and 7* welded joints. (a), (d) Joint interface structure; (b), (¢) Grain structure of the weld; (c), (f) Bottom joint of the joint
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Fig.11 Shear strength of steel/aluminum joints with different scan paths
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