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Optimization Design of Laser Marking Machine's
Dynamic Focusing Performance
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Abstract Dynamic focal laser marking machines usually use a collimating and beam expanding system before the
focusing lens. The laser beam will always focus in the marking plane by adjusting the motion of collimating and beam
expanding system according to the galvanometer scanning. But for a larger marking area, the effect of focusing is not
so ideal and even out of focus at the edge. In order to satisfy large area marking, a dynamic collimating and beam
expanding system is designed based on normal expander system. The focusing performance is improved by 20% by
optimizing the trajectory of collimating and beam expanding system. It achieves the target of small spot size in bigger
area. Using polynomial fitting to calculate the beam expander's trajectory, the marking speed is improved. Piecewise
linear interpolation look-up table is used to correct the pincushion distortion at the edge. It is shown that the machine
works pretty well and conforms to specified requirements.
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Fig. 1 Focusing error of dynamic scanningn
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Fig. 2 Beam propagation and focusing parameters
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Table 1 Central beam size of dynamic focusing laser

marking machine

Marking Beam size before Beam size after
range /mm optimization /mm optimization /mm
100 X100 0.15 0.12
300 X300 0.37 0.24 (a) before optimization (b) after optimization
500 X500 0.45 0. 36
750X 750 0. 66 0.52 I AR Rt g
1000 X 1000 0. 86 0.66 Fig. 5 Comparison of beam sizes before and

after optimization

I 5 AT UL HE AL J5 3T 4 19 22 98 W] 8 BE OR 1A A 4
4. A1 ATLAFE LS 3 R WOLITAR LI R FE 4R ARt RB SR 5 T 2000 0 ik 1 iy =k 3 B 5%
FEFTARALAKF 0 ELIZITAR LR A fag 8 4 o 1R BB R4 L B AT i A9 R B2 S Y L

5 4% 1w

20 25 B8 02 BN KT BT BRAT I 09 T2 00 . 1A% T B R+ 100 4 00 4 1) B8 4 i SR 2 14 1 W 10
AR, AR SO X B S HE B R G A i T I AR 6T B S A R AT AR L RS L —
S B TS Y (8 0 S T

Z & X #
1 Zhang Ying. High Speed and High Precision Galvanometer Laser Marking System Solution Based on DSP[D]. Wuhan:
Huazhong University of Science and Technology, 2007, 11~22
ik BE BT DSP i@ EOE R B R B AR D LR R R AT SE D] BT AP RHEUOR %, 2007, 11~ 22
2 Xu Baozhong, Liu Tiegen, Wang Meng. Research on laser marking technology for free-form surface[J]. Chinese J. Lasers,
2010, 37(8): 2165~2169
VEFRE, KB, £ 0 . 2E A d il RO R BORBISELT ). F Bk, 2010, 37(8): 2165~2169
3 Guo Fei, Hu Bing. Hard ware correction for distortion of dual galvanometer scanning[J]. Laser Technology , 2003, 27(4):
337~338
;KW R SURETE AL R IR IET] Bk AL 2003, 27(4): 337~338
4 Zhao Yi, Lu Bingheng. Pillow-shaped distortion algorithm of galvanometric scanning system[J]. Chinese J. Lasers, 2003,
30(3): 216~218
B . IRE. SRBIA R GERATE WA REBRT]. o Bk, 2003, 30(3): 216~218
Jia Heping, Shi Yusheng. Error analysis of laser galvanometer scan system and its geometrical correction arithmetic[J].
Opto-Electronic Engineering , 2007, 34(8) . 37~40
BUAP, BT IRE R BOCHA R E 0 LU R ER ET]. e 2, 2007, 34(8): 37~40
6 Jonathan S. Ehrmann. Optics for vector scanning[ C]. SPIE, 1991, 1454 245~254
7 Jiang Yi, Zhou Hong. Design of PC-based control card for laser marking system[J]. Computer Measurement & Control

a1

111406-4



48,111406 MM SKBIZFHE www. opticsjournal. net

2004, 12(6): 544~546
¥ OB, M R ET PCRBOLHRZI R g iEm et I, A auml & 54240, 2004, 12(6): 544~546
8 Wang Yiquan, Xin Fenglan. Research of computer control system of a laser used in drilling and marking on steel sheet[ J].
Com puter Measurement & Control. , 2005, 13(10); 1055~1058
Fai s, R WARBOGTT LT R B AL R AT S LT ], S dual £ 54240, 2005, 13(10): 1055~1058
9 D. P. Jablonowski, J. Raamot. Beam deflection at high accuracy and precision [C]. SPIE, 1976, 84 69~76

111406-5



