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Surface hardening of steel by pulse laser with proportional intensity distribution spots
SUN Peipei' YU Gang'  WANG Heng-hai® HE Xiudi' LI Shao=xia'
(1. Key Laboratory of Mechanics in Advanced Manufacturing Institute of Mechanics Chinese Academy
of Sciences Beijing 100190 China; 2. The 14th Research Institute China Electronics Technology Group
Corporation Nanjing 210039 China)
Abstract:The uniformity of hardened layer is affected by dimensional intensity distribution and time of laser spots. Pulsed laser spots with
5 x5 two dimensional array which have intensity proportions of 1:2:3 3:2:1 and 1:1:1 intensity distribution by optical transformation
was used to harden Q235 steel. The effects of laser treatment on surface morphology hardened layer shape distribution of hardness and
wear resistance of the Q235 steel were studied. The results show that the dimensional intensity distribution of laser spot affects uniformity
of hardened layer to a large extent. The surface morphology uniformity of hardened layer uniformity of hardness and wear resistance of
Q235 steel laser-treated by the array with intensity proportion of 1:2:3 are all better than that by the array with intensity proportion of 1:
1:1.
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Fig. 1 Two dimensional intensity distributions(a) (c) (e) and relative intensity value (b) (d) and (f) of 5 x5 array with
intensity proportion of 1:1:1 1:2:3 and 3:2:1
1.2 40 min
0235 100 mm x 50 0.01 mg o
mm X 20 mm 1 o HXD1000
1 Q235 (Wt%) 50 g IS5 s.
Table 1 Composition of Q235 steel (wt%)
C Mn Si S P Fe
0.14—0.22 0.30—0.65 0.30  0.050 0.045 Bal. ( ) D73 (D
)
1 kW Nd:YAG 2 o
150 D/3
mmo N
:2:3 3:2:1 5x5
(OM) . (SEM) ;
N o MHKS500 2.2.2
20
mm X9.5 mm X 9.5 mm GCrl5¢( D/3 .
64 HRC R, <0.63 pum)
2000 N 40 r/min 2 ho
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Fig.2  Schematit illustration of measurement of microhardness
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Fig.3 Two different shapes of hardened layer
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1000 W 70 ~110 ms
65% ~75% - . €D
5(e) 5(£)-5(g)-5(h) 1:2:3 1000 W 120 ~ 180 ms
1000 W 5% ~86% -

500 um

4 (a) 1:1:1 (b)1:2:3 (c)3:2:1
Fig.4 Surface morphology after laser hardening with array which have intensity proportions
of 1:1:1 (a) 1:2:3(b) and 3:2:1(c)

5 1:1:1 (a) (b)) (c)~(d) 1:2:3
() (D (). (h)
Fig.5 Shapes of laser hardened layer with different pulse time by array which has intensity proportion of

11 (a) (b) (¢) (d) and 1:2:3 (e) (f) (&) (h)
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Fig. 6 Hardness profiles along depth with array which has
intensity proportion of 1:1:1 (a) and 1:2:3 (b)
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Fig.7 Hardness profiles along width with array which has
intensity proportion of 1:1:1 (a) and 1:2:3 (b)
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Table 2 Wear loss of array with different intensity proportions

Process parameter Wear loss/g

1000 W 80 ms 0. 00031
1:1:1 1000 W 90 ms 0. 00024
1000 W 100 ms 0. 00040
1000 W 160 ms 0. 00030
1:2:3 1000 W 170 ms 0. 00021
1000 W 180 ms 0.00012
Substrate - 0.00182
— 0.00174

1)

1:2:3
0235
1:1:1
2)
3) 1:1:1.1:2:3  3:2:1
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