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Abstract The three-dimensional transient laser welding heat-flow coupling model for the filler metal feeding process
and the combined heat source model are established, in which the welding driving forces, such as recoil pressure,
surface tension, thermal buoyancy and gravity, are introduced. The volume-of-fluid method is used to track the
gas-liquid interfaces of keyholes, and the effect of filler metal on the three-dimensional shape of keyholes and the
flow behavior of molten pools is studied. The influence mechanism of the filler metal filling on the keyhole stability
is analyzed. The research results show that the filler metal filling is unfavorable to the stability of keyholes and the

keyhole bottom is prone to close. In the autogenous laser welding process, a flow from inside to outside and from

bottom to top appears on the keyhole walls, which is favorable to the stable opening of keyholes.
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Table 1  Chemical compositions of 6056 aluminum alloy and ER4047 filler wire (mass fraction, %)

Composition Si Fe Mn Zn Mg Al
6056 aluminum alloy 1.0 0.6 0.4 0.9 Bal.
ER4047 filler wire 11.52 0.20 <C0.001 0.01 0.001 0.01 Bal.
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Fig. 1 Computational domain in laser welding process
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Table 2 Thermal physical parameters of 6056 aluminum

alloys used in model

Parameter Value
Solid density /(kgsm *) 2720
Liquid density /(kgem™") 2590
Solidus temperature /K 860
Liquidus temperature /K 917
Boiling temperature /K 2740
Latent heat of fusion /(J+kg ') 3.87X10°
Latent heat of vapor /(Jekg™") 1.08 X107
Thermal expansion coefficient /K ! 1.92X10°°
Convective heat transfer
coefficient /(WeK tem %) b
Surface tension coefficient /(Nem ') 0.914
Surface tension gradient /(Nem 'K ') —3,5X10*
Radiation emissivity 0.08
Ambient temperature /K 300

3 R0
3.1 HEEIRIGIE
UPELESE R 3 memin I, PR A8 R AR TR A9 AR
25 B RIS A B L AN &) 4 BT . A DLE Y AR AE R

P 4 5 SRR T AR DL U 4 2R X T

Fig. 4 Comparison of simulated and experimental results

of weld cross section

0102003-5



H |

i P

AT T B85 A W) 5 RADL ) AR A A AR TR PR A 2
M 5 I AT 22 500 K TR A A4 T
PEANER AL T IRAR G 2% 1R 5 K i s A 22531
32 RAWZHRS

TEFOL AR 2 i v o RE AL A% 3l 25 9 3 mT LS e
PR PR E M . A HOBITZZ IR 147 22 )5 A i 3
HReALZ A FEE A 0.3 mm"" Bl 5.6 BT s 43 il
AN R I ] SO B R RO S22 08 i i v
REALI =4EIBAS . wT LU B, Y BEATHOL B 22 SRR,
HT T B X R AL Y ol R LS B B AR E MR A BT R
e o i L R BT R LR S0 PAT - A O 5 T > AT O

(@

Temperature /K

1062

774
564 2
411 L
300 X
©
Temperature /K

1

1062
774
564 2

411 L
300 -

KR, BT b X R FL R AT b o, RE AL A R
FE M A, WA R AL P A 4

G AVE HI I ] S 200 ms B, K42 5 e b L AL
TR B Bt AR 2 6 1) A AR fR AN & 7 s, AT LA R B, B
AR S O 2 R R AL R A T — R
P A G R PG  AEBOG B AR 0 2L AL I B 8
/D T OG22 00 L 7E 60 ms L HO6 AR
AL AT 2 W MG B AL A T 6 1K,
506 AR L L OG22 48 0 REFL A B B
2, X FEJE M T M A TR B AR A X AL
AT .

(®)

Temperature /K

(d)

5 RTEAE A TE] ot A e Rt A b B AL A =424 . (2) 200 ms;(b) 203 ms; (o) 206 ms; (d) 210 ms
Fig. 5 Three dimensional shapes of keyholes in process of autogenous laser welding under different operation time.
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