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Abstract In this study, the Cu-Hf alloy and low carbon steel are respectively welded using a high-power fiber laser.
The morphological characteristics of keyholes obtained by {reezing and preserving the keyholes in a molten pool are
compared. The results show that the keyholes can be retained in both materials, and the diameter of a keyhole is
obviously greater than that of a spot. The shape of the keyhole retained in the Cu-Hf alloy is similar to that of a
“gourd” with the intersection of big and small rings. The diameter of the small ring located in front of the welding
direction is equivalent to that of the spot, and the diameter of the large ring is in the order of a millimeter. In low
carbon steel, the laser output time to retain a keyhole is very short, the solidation time of the molten pool is long,
and only the large circle area of the keyhole can be retained. Further analysis shows that a keyhole morphology can
be divided into two parts: the laser direct-action area and vapor pressure maintaining area. In numerical simulations,
the morphological characteristics of a keyhole must be considered when building a suitable heat source model for
laser welding.
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Fig. 1 Experimental principle. (a) Modulation of light;

(b) planar scanning welding
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Fig. 2 Images of keyhole at different laser powers. (a) 3 kW; (b) 4 kW; (¢) 6 kW
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Fig. 4 Images of keyhole at different light output time.

(a) 1 ms; (b) 4 ms; (¢) 7 ms; (d) 10 ms
1) 9l ' JE ol i WO e e / /AL % s AR T O 0 45
WA 5 Frs . Gl /s FLAY AT P AT LAY M A
22 OGS ) FE 0~4 mis B, 42 T o5 [ 44 B8 T Sk 10
AL BN 5 45k T 8RS i BB & AR W] Y
VA& LA, eIk /N FLTH BE B9 804 A 24 D 85°, LTIy B
R IFAR 1 Y B2 OF BLALEE B LT3 A B
T AL B TS O A OGRS T 7 ms B, /AL
TEUG 77 R V5 B R s B HE G IR 1] 38 i, /L& i 52
MG .

[ 5 ATA] H St A fi] s /INFL /A5 A A 265 78T S .
(a) 1 ms;(b) 4 ms;(c) 7 ms;(d) 10 ms
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