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Abstract The laser processing parameters of the sample guideway are optimized through orthogonal experiment.
The microstructure analysis and hardness test of the laser-treated sample are carried out by optical microscopy,
scanning electron microscope (SEM) and microhardness tester, and a contrast test of wear-resistance between the
laser-treated and normally treated samples is conducted in oil-lubricated conditions. The results show that hardening
depth is influenced most strongly by current, followed successively by scanning speed. pulse width and frequency.
The optimized laser processing parameters are as follows: 0.25 mm/s for scanning speed. 150 A for current, 10 ms
for pulse width, and 7 Hz for frequency. The spheroidal graphite is observed in the melted region of the laser-treated
sample. The grain size in the phase transformation region is much smaller than that in the melted region and the
grain is more evenly distributed. Compared with the normal treatment, laser processing produces a dramatic
improvement in hardness without variation of gradient in distribution. When the cycle number reaches 38000, the
wear-resistance of the laser-treated sample is almost one time higher than that of the normally treated one.
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Table 1 Chemical composition of test material (mass fraction, %)

C Si Mn P

S Cu Others Fe

3.1~3.3 1.5~1.6 0.9~1.0

<C0. 06

0. 07 0.5 0.3 Bal

# 2 ERIEBmERAKFER

Table 2 Factors and levels of orthogonal experiment

| | Factor
e Scanning speed /(mm/s) Current /A Pulse width /ms Frequency /Hz
1 0. 25 60 6 7
2 0.45 90 8 8
3 0. 65 120 10 9
4 0. 85 150 12 10
> T AR B S8, B T e L ERHS
& septh HE VS 0.05 m/s, AT 0.4 m, F N68 F:4)
. W CGB3LAL) 3 R JIHE K 0. 1 mg TR T
gripper
mate
<o

BT BOGRE Ak 2 T8 BE 55 65 B2 I 3 A
Fig. 1 Depth of laser hardened layer and microhardness

test positions
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Fig. 2 Schematic diagram of friction-wear tester
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Fig. 3 Depth of hardened layer with different laser parameters. (a) Scanning speed and current; (b) pulse width and frequency
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Fig. 4 (a) Cross sectional shape of sample and (b) spheroidal graphite
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Fig. 5 Optical micrographs of laser processing region. (a) Melted region; (b) transformation hardened region
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Fig. 6 SEM images of laser processing region with high magnification. (a) Melted region;

(b) transformation hardened region
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Fig. 7 Hardness profile of hardened layer
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Fig. 9 Wear surfaces (a) of narmol and (b) after laser processing for samples

4 4 w

1) SEIG &5 R, w3 X Al 1 U BE R i) e K
SR G MU Ry 41 8 B bk B AR 5 A0 AR S 1 O
T80 - A #E B 0. 25 mm/s, I 150 A,
WK% 10 ms, #5387 Hz,

2) FHAFEL RO N TS 18 1k X 43 R H 5 X
FIUAE S DX 05 8 X 53 A1 A BOIR A 58 FEZH SR REARCIR
e PR 5 A8 DX Ry AR 5 FRAAR 30 J B8 DX ok RS
411 NN T SRR

3) OGN TR Ak XA EE (700 ~900 HV) %%
AL 3 RE (450 ~720 HV) A I8 25 32 & . FOA 3 bl
TR BE 43 A FEAR T AR A, AN [R) S0 I T 2 800 Ak [X

T &5 TG 5

4) FEFRUE L 38000 I, AR Ab 3 AL fiY B 4%
2 OGN TR 2 A TR] OB i TR R
T S R/ T v AR /DA TSR AL

Z & x #t

1 Chen Jiangjin, Yang Chunhai. NC Machine Tool[ M]. Beijing:
Beijing Institute of Technology Press, 2012. 10—13.

BRILHE, Ao, B plURLIMI. dbat: db a0 3 TR 4 b AL,
2012, 10—13.

2 Zhang Lingfeng, Xiong Yi, Zhang Yi, e al.. Microstructure of
high manganese steel by laser shock processing[J]. Chinese ]
Lasers, 2011, 38(6): 0603025.

Tewe e, BE B vk B S mARIRTE RO MR R M ROR
FRAELT]. o E#OE, 2011, 38(6): 0603025,

0403009-5



H |

# ot

w

Shao Dan, Hu Bing, Zheng Qiguang. Laser Advanced
Manufacturing Technology and Equipment Integration [ M ].
Beijing: Science Press, 2009. 185—191.

B PE, W L AEOL. BOBSESE RS AR R R LM,

dbmt: Bl AL, 2009, 185—191.

4 Ren Xudong, Zhang Tian, Zhang Yongkang, e al.. Improving
fatigue properties of 00Cr12 alloy by laser shock processing[]J].
Chinese J Lasers, 2010, 37(8); 2111—2115.

A, 5k M, ke, . ot AL & 00Cr12 &4
PE S5 PERECT]. W EBEOE . 2010, 37(8): 2111—2115.

5 Liu Anmin, Previtali Barbara. Laser surface treatment of grey
cast iron by high power diode laser[]J]. Physics Procedia, 2010, 5
(1): 439—448.

6 Jiang Yinfang, Lai Yanling, Zhang Lei, e al.. Investigation of
residual stress hole on a metal surface by laser shock[ J]. Chinese
J Lasers, 2010, 37(8): 2073—2079.

FARTT RER. K . S BOG T BB R AR N R
B RS 2007 0. R E O . 2010, 37(8) . 2073—2079.

7 Lv You. Influence of laser surface melting on the micropitting
performance of 35CrMo structural steel gears[]J]. Materials
Science and Engineering A, 2013, 564(1): 1—7.

8 T Slatter, H Taylor, R Lewis, e al.. The influence of laser
hardening on wear in the valve and valve seat contact[]J]. Wear,
2009, 267(5-8): 797—806.

9 Hua Xijun, Fu Yonghong, Yuan Run, e al.. Experimental
investigations on laser surface micro-texturing technology [ ] ].
Transactions of the Chinese Society for Agricultural Machinery,
2007, 38(12). 177—181.

IR, FIKE . . & BOobRMmAUE R T2 K% 5 N
(). A HLBR A4 . 2007, 38(12) . 177—181.

10 G Ryk, I Etsion. Testing piston rings with partial laser surface
texturing for friction reduction[]J]. Wear, 2006, 261 (7-8):
792—1796.

11 Grum Janez, Sturm Roman. Influence of laser surface melt-

hardening conditions on residual stresses in thin plates [ ] ].

Surface and Coatings Technology, 1998, 100-101 ( 1-3 ).

455—458.

12 J Ruiz, V Lopez, B ] Fernandez. Effect of surface laser treatment
on the microstructure and wear behaviour of grey iron[]].
Materials and Design, 1997, 17(5-6) . 267—273.

13 K Sridhar, V' A Katkar, P K Singh. Dry sliding friction wear
behaviour of high power diode laser hardened steels and cast iron
[J]. Surface Engineering, 2007, 23(2): 129—141.

14 Yang Yuling, Dong Danyang. Laser Surface Modification and
Application of Materials{ M]. Beijing: Chemical Industry Press,
2013. 20—21.

ER, B, MR O R S HOR T M. db st
b2 Toll AL 2013, 20—21.

15 K C Fan, Hsiming Chen, T H Kuo. Prediction of machining
accuracy degradation of machine tools[ J]. Precision Engineering.,
2012, 36(2): 288—298.

16 SK Lee, ] H Yoo, M S Yang. Effect of thermal deformation on
machine tool slide guide motion [ J]. Tribology International,
2003, 36(1): 41—47.

17 Hung Juipin, Lai Yuanlung, Lin Chingyuan, e al.. Modeling
the machining stability of a vertical milling machine under the
influence of the preloaded linear guide[J]. International Journal
of Machine Tools and Manufacture, 2011, 51(9). 731—739.

18 Yao Xingqun., Shu Xinfu, Xing Zebing. Study on growth
mechanism of graphite nodule[ J]. Journal of Kunming University
of Science and Technology, 2000, 25(5) . 74—78.

Wh=g R, FPMEAE, TR, A BRRK R MEIL]. RWET
K2F2ER, 2000, 25(5): 74—78.

19 Gustaf Ostberg. Perspectives on research on the formation of
nodular graphite in cast iron[ J]. Materials and Design, 2006, 27
(10): 1007—1015.

20 B K Prasad. Sliding wear response of a cast iron under varying
test environments and traversal speed and pressure conditions[ J].
Wear, 2006, 260(11-12); 1333—1341.

21 B K Prasad. Sliding wear response of a grey cast iron: Effects of
some experimental parameters [ J ]. Tribology International,
2011, 44(5): 660—667.

ZERE: RGH

0403009-6



