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Fig. 1 Principle map of DP steel/Al alloy laser lap welding
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Fig. 2 Principle map of spectra acquisition system
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Fig.3 Metallic vapor /plasma shape of dual phase (DP) steel/Al alloy laser welding: (a) Without Mn powder; (b) With Mn powder
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Fig. 4 Element characteristic spectral lines of steel/Al laser welding: (a) Without Mn powder; (b) With Mn powder
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Fig. 5 515-550 nm element characteristic spectral lines of steel/Al laser welding: (a) Without Mn powder; (b) With Mn powder



26 455 8

PR, A OSURAN/AR B SO RIS I Mo By ROAE T 1635

AT B R T ARSI Min HESURIAR A B S 0L #2110
FHXT B o

DA Fe T 526.89 WEAE A7 5 AT (19 0 1% B3040 w33
LR, RO SR AR/ EE TR R T
o BRI TR B R IR s 1 R R 5 RS
W2k Stark T 3E 2k 2k 4 Lorentzian 7Y,
Lorentzian P& (1R IAZ A

24 w

e w BRI m A x RRTOEK: »&
TN BORAY: A RN LR AL

ASER R Lorentzian B GH TG Mn s
DIBARE/AR & S OGB4 4F N Fe 1 526.89 I
EALE ML e FF RS2k, 45 wE 6 Pros. &
inpva EE R NI RAIR N oo e G S SRS KRN
T Min K 7 S5 SR /65 A O it 28 2 = 42 58 40 31
“h 0.20665 1 0.21467 nm. FR4f Stark 2% Ji v #Lit,
X SR A — B B B i,
2R N T8 T EE A AR S RS, DAk, R DA E I C(2)
VAR A5 B R 1 P 3
_ My

2a

Arh: NJRHTFHE, om”: AL, LM,
a WSS, BT RS, SRAES
TR G 1 A e I AN A WS 2R Stark R 5
A%, Q)T S, I Mn KIS SUR AN/
A WO IR EJT 4 R A B AR TR
350 1.96X 10" 1 2.03X 10" em™. 3 W #4404
T, SEAEVESTHRBTEESSEEENT

(D

N

¢

x10'° ()

——With Mn powder
— —Without Mn powder

Full width at
half maximum

526.6 526.8 527.0 527.2 527.4
Wavelength, 4/nm

6 ILAMGEIR
Fig. 6 Result of line fitting

AR PE T N R R, R, W0 Mn By, faih b
TR Jm 78 B I N, SR &R TE 2 1) Fe Ri 1A
Mn }i ¥,

22 RBRERHEHRKE EDS 2

7 FEs s 0 M By FiJE SN/ S o6 IR
FIREETES. I8 7 W LLE, RS R AE e
PERLF, BRGNS ALEY BabarA4e, Jim b5
T, W, AHER “ReAL” FRREHE, SR
T O W ORI . 5ARUSIN Mn Ky ELAL, W
I Mn A KRS S

7 BURHAN/AS < R Sk B 21
Fig. 7 Microstructures of DP steel/Al alloy welding joint: (a)
Without Mn powder; (b) With Mn powder
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Fig. 8 EDS line scanning of DP steel/Al alloy weld joint in different sections: (a) Position of line scanning without Mn powder;
(b) Position of line scanning with Mn powder; (a;) Line scanning of line I ; (b;) Line scanning of line II; (a,) Line scanning of line
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Fig. 9 Al element distribution of DP steel/Al alloy welding joint: (a) Without Mn powder; (b) With Mn powder
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Table 1 Results of shear tensile test

Powder Sample Shear strength/ Average shear
addition No. MPa strength/MPa

1 157.98

Without Mn
159.18 158.12

powder

3 157.22

1 163.75
With Mn

2 163.34 163.84
powder

3 164.43
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Fig. 10 Fracture positions of DP steel/Al alloy after tensile test: (a) Without Mn powder; (b) With Mn powder
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Fig. 11 Fracture morphologies of shear DP steel/Al alloy: (a) Without Mn powder; (b) With Mn powder
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Fig. 12 SEM images of steel/Al interface layer: (a) Without Mn powder; (b) With Mn powder; (¢) Amplified image of region P1;

(d) Amplified image of region P2
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Table 2 EDS analysis of DP steel/Al alloy weld joint shown in Fig. 12

Mole fraction/%
Element
A B C E F G H
Fe 70.10 83.72 43.52 36.19 73.96 58.49 35.83 27.24
Al 27.59 13.31 55.28 62.81 22.34 38.54 62.50 71.76
Mn 1.32 1.77 0.93 0.74 2.83 1.99 1.26 0.84
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Fig. 13 XRD patterns of DP steel/aluminum alloy weld joint:
(a) Without Mn powder; (b) With Mn powder
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Laser lap welding joints in dual phase steel/aluminum alloy with
Mn powder addition

LU Yuan-zhi"2, LIU Jin-shui" 2, ZHOU Dian-wu', TAN Zhe" 2, JAI Xiao', HU Lin-xi'

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University, Changsha 410082, China;
2. College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Through comparison analysis of the laser welding of dual phase steel to aluminum alloy with and without Mn
powder addition, Mn powder effect on dissimilar metals in steel-on-aluminum overlap configuration were discussed. By
collecting and analyzing the metallic vapor/plasma shape and welding spectra, it is found that the color of metallic
vapor/plasma induced by laser welding with Mn powder addition is bright, the relative intensity of spectra and electron
density of metallic vapor/plasma increases. In addition, the mixing of Fe and Al in the molten pool decreases based on
EDS analysis of joints, however, the content of Al on both sides of weld width increases. The results of the shearing
experiments show that the average shear strength of welded joint increases compared to that without powder addition, and
the failure mode is a mixed fracture. The welding keyhole of the lower Al plates becomes deeper by the reversed impact
during the discharge of steam due to the decompose of Mn powder. Meanwhile, heat transfer between steel and aluminum
is speeded up, the metallic vapor can decrease the reflectivity and increase the laser energy absorption of the lower
aluminum alloy, thus, increasing the depth of the welding joints. What’s more, the flow behavior of the molten pool
changes, the molten Al removes to both side of the welding joint, which leads to the width increase of the welding joints,
thus the diffusion from the lower Al to the upper steel side is suppressed, and the size of Fe-Al intermetallic compound in
aluminuny/steel interface is reduced. Therefore, it can improve the mechanical properties of steel/aluminum welding joint
with Mn powder addition.

Key words: laser lap welding; steel/l alloy dissimilar metal; Mn powder; weld molding
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