49K E2W FmF AR
2020 4F 2 A SURFACE TECHNOLOGY - 347 -

EZ R EIAE L (ER A AT
FR ARG R B M RE

Bixz', K1 HBR' RREE K
O RIEBIRILRAR S SEsESRESR, | 5K R 518172;
2 ARMEMF AL M IRREMILSE, R 100191)

 E: B MrESHASR A LM AT RS AREM, Fik KELol ik Ridid s R
Hide DOE ATH 2 85, # TR FMOL AR, Badigoiut T L Auakie, WFhsazEA 470 um 49-F
TR 4 ek, AZ AL F ok R A AR a2 500 mm/s 6 ik daRbik g, Wk AERE B4R Crl2MoV, 5F
it KT M SEM wbeib i LA ik ak, &R E U0 Sk ek T R EoRE T B R 4569 1.942 um
Peik AR E 0.26 um, Pk F BRI AR ST 67%, WAIERZT 94%, R @ RHAERERST
125%. %3 T LRIRM, & 48000 batia sk 24 A 2 bR @R & 75 ARZ Y, STAEEL
MAT ke e, FEMOb TR b AR, AR E . BB RN IEF MO e T ARSI
o, EXFFFRELRGIRT, WL ERERIMI LT 8 2L, ZAARIPA LI F
89 3045 vA b, FIaF, #4ORME B EAR 5 T AL AN R B RARAR T, RAEATT 4, £ —FE R SR K,
AR MORIR; EEMOk; XA B; K@K SRS

ESES . TG35628 XEIFRIAFE: A XEHS: 1001-3660(2020)02-0347-07

DOI: 10.16490/j.cnki.issn.1001-3660.2020.02.044

Roughness and Property of CW Laser High Speed Polishing of Die Steel
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ABSTRACT: The work aims to solve the efficiency and quality problem of rapid continuous wave (CW) polishing of die steel
surface. The CW laser Gaussian beam was converted into a flat-topped laser beam through a beam-shrinking mirror and a DOE
diffraction shaper, so as to shape the CW laser beam and adjust the spot diameter. By optimizing the parameters of CW laser
polishing process, the surface tension of molten pool was increased by combining scanning paths of zigzag pattern and square
wave pattern while high laser scanning speed was maintained. The molten pool was promoted to flow around to make the peaks

of microstructure generate material migration under the action of tension and flow to the valleys, thus achieving the purposes of
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filling peaks and valleys and reducing surface roughness. The flat-topped CW laser beam with a spot diameter of 470 pm was

used to polish the die steel Cr12MoV with a combined scanning path of zigzag pattern and square wave pattern and a high-speed

scanning speed of 500 mm/s. The original surface roughness Ra 1.942 pm could be rapidly reduced to Ra 0.26 um through the

detection of white light interferometer and SEM electron microscope and the polishing efficiency was 67% higher than that of

traditional mechanical polishing, 94% higher than that of manual polishing and 125% higher than that of surface microhardness.

Technological experiments show that the spot diameter of CW laser has a profound influence on the polishing surface quality.

When CW laser is used to polish die steel surface, the laser processing parameters such as laser power, spot diameter, scanning

speed, scanning route and step-over need to be optimized. On the premise of achieving the same quality effect, CW laser

polishing efficiency is more than eight times that of the traditional mechanical polishing processes and more than 30 times that

of skilled technicians' manual polishing. CW laser polishing can significantly improve the surface microhardness of die steel

surface and is a kind of environment-friendly manufacturing technology without any pollution.

KEY WORDS: laser polishing; CW laser; zigzag and square wave trajectory; surface tension; MPFV method
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Tab.1 Chemical composition of Cr12MoV steel

C Si Cr Mo

v Mn S P Ni

1.45%~1.70% =0.4% 11.0%~12.5%  0.4%~0.6%

0.15%~0.3% =0.4% =0.03% <0.03% <0.25%
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Fig.1 Schematic diagram of CW laser
polishing experimental setup
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Tab.2 Optimized parameters of CW laser polishing in each group

Factor 1

II 111 v

Spot diameter/um 320
Polishing parameters
Scanning trajectory

Polished roughness/pm 0.49

370 420 470

Wavelength 1080 nm, Power 500 W, Scanning speed 500 mm/s, Step-over 0.1 mm

Zigzag-square wave
0.41 0.35 0.26
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Fig.2 Scanning trajectory of CW laser polishing:
(a) zigzag; (b) zigzag-square wave
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Fig.3 Polished specimen with rough surface by laser: (a) wire-EDM cut surface;
(b) laser beam zigzag scan surface; (c) laser beam zigzag-square wave scan surface
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Analytical Results b -]
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Fig.4 Roughness and 3D topography: (a) 3D topography of original surface Ra=1.94 pm;
(b) 3D topography of polished surface Ra=0.26 um
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Fig.6 Microstructure and microhardness of polished surface: (a) SEM microstructure of cross-section of
remelted layer and heat affected zone; (b) micro-hardness of polished surface
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Fig.7 Microstructure of different sections of polished surface (a) microstructure of remelted layer; (b) microstructure of upper
layer in heat affected zone; (c) microstructure of lower layer in heat affected zone; (d) microstructure of substrate
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