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Abstract With advantages of low heat input, high feeding efficiency and low penetration ratio, laser hot wire
welding is fit for surfacing and joining thick plate. How to obtain the stable wire transfer is the key problem for laser
hot wire welding. High speed imaging is used to observe wire transfer behavior under different welding parameters,
which are divided into four kinds: drop transfer, fusing transfer, continuous transfer and wire hit transfer. The
continuous transfer is the stable wire transfer and it is the assurance of good weld formation. The differences among
the four wire transfer kinds show that the different wire fusion positions are decided by the wire heat. Therefore, the
control principles to obtain the stable wire transfer are that wire fusion heat is larger than the resistance heat, and
smaller than the total of the resistance heat and the conduct heat from the molten pool to the wire. The temperature
of the wire outside the molten pool is calculated. It is found that it is beneficial to obtain the stable wire transfer when
the wire temperature is close to the wire fusion point.
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Fig. 1 Laser hot wire welding system
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Table 1 Adjustment range of welding parameters
Welding parameters Heating Wire feeding Distance between Laser
g1 current /A rate /(m * min~") wire and laser /mm power /kW
. 40,90,
Heating current /A 120 2 1 2
Wire feeding o
rate /(m * min ') 1,2,3 00 1 2
1 - 2 . 0 . 1 .
Dlslance between 90 9 - 9
wire and laser /mm 2
Laser power /kW 1,2.4 90 2 1 —

SR P55 S A R AR [ (9 T 20 2 BT 2 ) i i 1

P REAT AR LSRG, 5 56 T A PR I 0 A T B 4% I

JE 4 BT RV 24 53 P8 47 50 10 72 i) B0 AR, 78 (] B B 01
W 8 mm, % A 3 mm,
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Fig. 2 Influence of heating current on weld formation. (a) 120 A, fusing transfer; (b) 90 A. continuous transfer;

(c) 40 A, wire hit transfer
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Fig. 3 Influence of wire feeding rate on weld formation. (a) 1 m/min, fusing transfer; (b) 2 m/min, continuous

THE 3] 2 m/min B, F 22 F20E M A P 305 v, SR
WENIE BAF . 22T E] 3 m/min B, W BE T
2SR5 RN G B R 2 A PR AR 22

; (b) 2 m/min, EZd¥E; (¢) 3 m/min, 022

transfer; (¢) 3 m/min, wire hit transfer

3.1.3 ke
UNTEL 4 Bz 20622 B 0 — 2 mm L3061

RS AR AR 22 b A 2 A A 68 0 1) I 3 v T R Tt L 4
Bl — A ESNIER . SN 0 mm i,
WOCATI IR RE RS RN AR 22 43 b A1 19 0 22 A Wiy e A 0
(@) .

1cn

B 4 it 22 B X R 5% BB 19 52 R

U AR S P 2 G2 RS 1 mm A 2 R
o A R o ARG Y B L G 2 B 4k S5

INE 3 mm DL _E AR 2250 A R T AR 22 0 R
A R A R B T DR (] e A iR S A T 22 B 42
VST PUR e ol N

(a) —2 mm, RS E; (b) 0 mm, WL ; (o) 1 mm, #ESet )

Fig. 4 Influence of distance between wire and laser on weld formation. (a) —2 mm, drop transfer;

(b) 0 mm, fusing transfer; (¢) 1 mm, continuous transfer
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Fig. 5 Influence of laser power on weld formation. (a) 4 kW, continuous transfer; (b) 2 kW, continuous transfer;

(¢) 1.5 kW, wire hit transfer
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Fig. 6 Wire transfer behavior of bead on the plate. (al)~(a3) Drop transfer; (b1)~(b3) fusing transfer;

(cl)~(c3) continuous transfer; (d1)~(d3) wire hit transfer
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Fig. 7 Influence of heating current on narrow gap weld formation. (a) 120 A, fusing transfer;

(b) 90 A, continuous transfer; (c¢) 40 A, wire hit transfer
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Fig. 8 Wire transfer behavior of narrow gap welding. (al)~(a3) 120 A fusing transfer; (b1)~(b3) 90 A continuous

transfer; (cl)~(c3) 40 A wire hit transfer
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Fig. 9 Sketch of wire fusion position in various wire transfer behaviors. (a) Fusing transfer; (b) continuous transfer;

(¢) wire hit transfer
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Table 2 T, on various currents and wire feeding rates
Heating Wire feeding
T,/ C Wire transfer behavior
current /A rate /(m * min ')
120 2 2611 ,much larger than wire fusion point fusing transfer
90 1 2990, much larger than wire fusion point fusing transfer
90 2 1366, close to wire fusion point continuous transfer
90 3 862, much smaller than wire fusion point wire hit transfer
40 2 231, much smaller than wire fusion point wire hit transfer
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