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Process Optimization for MOPA Fiber Laser Engraving of Carbon Steel
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Abstract High-power nanosecond fiber lasers have been widely used in laser engraving. In this paper, the effects of pulse
width, energy density, and pulse repetition frequency (PRF) on laser engraving results are studied by using a master
oscillator power amplifier (MOPA) fiber laser system, with carbon steel as the research material. The material removal
rate (MRR) and average surface roughness (S,) of each group of parameters are measured by a three-dimensional (3D)
profilometer. It is found that longer pulse width and higher energy density can result in larger MRR and Sa. Larger MRR
and S, can also be obtained with short pulse width and high energy density, which is caused by a high pulse overlap rate.

There is a critical PRF that can simultaneously make MRR large and S, small. Finally, the optimized process parameters

are used to achieve the engraving effects of high quality and high MRR.

Key words lasers; deep engraving; MOPA fiber laser; material removal rate; average surface roughness
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Fig. 1 Surface energy spectrum of carbon steel
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Table 1 Chemical composition of carbon steel

Chemical
- C O Fe Mo
composition
Ratio /% 6.57 27. 88 64. 20 1.35
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Fig. 3 Schematic diagram of experimental setup
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Fig. 4 Schematic diagram of laser scanning route
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Table 2 Parameter table of regional depth engraving

Scanning . =20 ns, =48 ns, =105 ns, =170 ns, =220 ns, =270 ns,
speed / 1 o 'y Fre, =900 kHz, Frge, =400 kHz,  Fpee =140 kHz, Fyp, =90 kHz, Fpge =90 kHz, Fppe =90 kHz,
smm
(mm-s™") E,=0.11mJ E,=0.25m] E,=0.71mJ] E=1.11mJ] E=1.11m] E=1.11mJ
357 14.0 AS=0.4 pm, AS=0.9 pm, AS=2.6 pm, AS=3.9pm, AS=3.9pm, AS=3.9pm,
5 .
P,=99% P,=98% P,=92% P,=88% P,=88% P,=88%
714 7.0 AS=0. 8 pm, AS=1.8 pm, AS=5.1pm, AS=7.9pm, AS=7.9pm, AS=7.9pum,
’ P,=98% P,=95% P,=85 P,=76% P,=76% P,=76%
AS=1.2 pm, AS=2.8 pm, AS=7.9pm, AS=12.3 pm, AS=12.3 pm, AS=12.3 pm,
1111 4.5
P,=96% P,=92% P=76% P,=63% P,=63% P,=63%
1429 35 AS=1.6 pm, AS=3.6 pm, AS=10.2 pm, AS=15.9 pm, AS=15.9 pm, AS=15.9 pm,
' P,=95% P,=90% P,=69% P,=52% P,=52% P,=52%
1667 30 AS=1.9 pm, AS=4.2 ym, AS=11.9 pm, AS=18.5pm, AS=18.5pm, AS=18.5 pm,
' P,=94% P,=87% P,=64% P,=44% P,=44% P,=44%
2000 95 AS=2.2 pm, AS=5.0 pm, AS=14.3 pm, AS=22.2pm, AS=22.2pm, AS=22.2 pm,
' P,=93% P,=85% P,=57% P,=33% P,=33% P,=33%
AS=2.8 pm, AS=6.3 pm, AS=17.9 pm, AS=27.8pm, AS=27.8 pm, AS=27.8 pm,
2500 2.0
P,=91% P,=81% P,=46% P=16% P,=16% P,=16%
AS=3.7 pm, AS=8.3 pm, AS=23.8 um, AS=37.0pm, AS=37.0pm, AS=37.0 pm,
3333 1.5
P,=88% P,=74% P,=28% P,=8% P,=8% P,=8%
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Table 3 Effect of PRF on engraving effect

RPF /kHz E,/m]J P, /%
150 0.95 71
200 0.72 78
250 0.57 82
300 0.47 85
350 0.41 87
400 0.36 89
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Fig. 5 Surface topography under different pulse width. (a) 20 ns; (b) 48 ns; (¢) 105 ns; (d) 170 ns; (e) 220 ns; (f) 270 ns
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Fig. 10 Surface topography of depth engraving under different repetition frequencies. (a) 150 kHz; (b) 200 kHz; (¢) 250 kHz;
(d) 300 kHz; (e) 350 kHz; (f) 400 kHz
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