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New Forming Method of Coaxial Wire Feeding
inside Three Beams Laser Cladding
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ABSTRACT: The work aims to study new laser cladding forming method of "coaxial wire feeding inside three beams of light"
and unidirectional and multi-direction single-pass cladding forming effect. The light tracing method was used to analyze the

geometrical characteristics of the spot and the energy distribution of the spot was analyzed by TracePro. The experiments of uni-
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directional and multi-direction single-pass cladding were carried out by device of wire feeding inside three beams to analyze the
surface quality and microstructure and hardness of single pass cladding layer. The new method of "three beams coaxial wire
feeding" laser cladding could shape the original circular laser beam into three fan-shaped faculae with uniform circumferential
distribution. The flux of the three faculae distributed in a "cusp" shape along the z-axis direction. The wire could be evenly
wrapped by three faculae. The substrate and wire were made of stainless steel 304, wire diameter was 0.8 mm, and the process
parameters were as follows: negative defocus 2.5 mm, laser power 1500 W, scanning speed 3.5 mm/s, wire feeding speed 20.5
mm/s, to make unidirectional and multi-directional single-pass cladding forming test. The wire was fully melted and the clad-
ding layer was even and smooth. The morphology and quality of the cladding layer were not affected by the scanning direction,
the cladding layer and substrate were well bonded, the whole microstructure was fine, and there were no defects such as porosity
and crack. The grain morphology from the bottom to the top of the cladding layer was mainly dendrite, columnar crystal, cellu-
lar crystal and dendrite. The microstructure of the cladding layer was ferrite 6 and austenite y, and the solidification mode was
FA model. The main forms of ferrite 6 from the bottom to the top of the cladding layer were lamellar ferrite, vermicular ferrite,
skeleton ferrite and lamellar ferrite. The average hardness 228HV of the cladding layer was obviously higher than that of the
substrate. The hardness transition from the bottom to the top of the cladding layer was stable, there was no obvious softening
zone, the whole microstructure was fine and compact, and the grain distribution was uniform. New method of "coaxial wire
feeding inside three beams of light" laser cladding can achieve accurate coupling of light and wire and substrate and wire are

made of stainless steel 304, and select reasonable process parameters to obtain unidirectional and multi-direction single-pass
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cladding forming effects.

KEY WORDS: laser cladding; three beams; wire feeding inside beams; light tracing; spot energy; deposition test
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1—Laser beam, 2—Focusing mirror, 3—Supporting mount,

4—Hollow region, 5—Molten pool, 6—Substrate, 7—Prism,
8—Wire guide tube, 9—Guide nozzle arc channel,
10—Guide nozzle straight channel, 11—Wire
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Fig.1 Schematic diagram of coaxial wire
feeding inside three beams
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Fig.2 Focusing parabola parameter diagram of three beams
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Fig.4 Shape and size of spot and distribution profiles
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Tab.1 Spot size of different defocus size

mm
Defocus size z 0 2.5 5
d; Solid point 1.58 3.17
d, Solid point 1.74 3.49
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Fagt Al

WA =G Rk 22806 B R B 07 IR 5T - 289 -

FRLBES s B DU ROEHE, = ASEBERYiE A 1]
ﬁﬁﬂﬁﬁﬁ,&%zﬁﬁz ORI AR A
Sc SMMTAR AT, WA y=0 SImEy T, ] 3
JERIE R P A A —ASEBE L, BB LI
5OCHIE” IR, UYE x=0.5 T 5T, ) T R
WfEﬂ%WA%Mt IO BE A4 i e B U
W, HOtRE R AR E T, ROt RBER AR
T SRR

1.4 ZHARBNBERE
1.41 RBREBELWES

R iR =R a0 S E IR S, 58 U
B E MBI, RN H?ﬂlﬁ%ﬁ% ZEE M

Kl 6 Fin . Wik i 1015 IPG S 2 kW G4
8L R e B A TR, O A B S

1 2 3 4 5 6

B, WEkiBa A Kuka DL AZER:, Wik 2R
SIS KA L Bt O, KA b
PSRBT 50 o SRS i Sk — DA A
1, P Sk PSSR, 46 I i S i A
SRR E AT, TR IR 2 A RS H 2 bt 22
A DTS S 0S8 3o 24 0 0 AE S PR , IV 9 24
I G0 26 2, IR A B X I8
142 FBRTLBELEE

S VLS B R B, WL 7 A M
SANREOCRER S, ERER RTE,
ST YR = AE R 1 BOEREHE M LR T
TFHIRE RIS | MR 25 DL B A SR IR 25 %,
BER A8 (BT B A HT R . 3 A/ Tk
BER R/, BB 0 51 5 mm A5k, JEBEMN ST
SEBER] = OERIEAL, JEBER S 2 R,

8 9 10

1—Wire feeding soft tube, 2—Cooling water input and output, 3—Air input, 4—CCD, 5—Connector,

6—Input port, 7—Laser device, 8—Robot, 9—Gas nozzle, 10— Wire feeding nozzle
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Fig.6 Three beams cladding device
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Tab.2 Spot size of different defocus on substrate

mm
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Fig.8 Coupling of beams and wire
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Tab.3 Chemical composition of substrate and
cladding materials

Composition C Si Mn Cr P Ni S Fe

Substrate ) s 64 112 18.130.026 8.2 0.03 Bal.
mass ratio/%
Cladding
material  0.01 0.52 1.9 18.46 0.015 8.57 0.007 Bal

mass ratio/%
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Tab.4 Parameters range of cladding experiment

Defocus Laser Wire feeding Scanning
value/mm  power/kW  rate/(mm-s™') speed/(mm-s”)
-1~-3.5 1.4~1.6 17.5~23.5 2.5~4.5
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Fig.9 Cladding layer width and height diagram
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