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Optimization analysis of mathematical modeling for ultra
short laser microfabrication

SHI Pei-cheng,ZHANG Qin
(Zhegnzhou University of Industrial Technology ,Zhengzhou 451150, China)

Abstract; Ulirashort laser micromachining for optimization involves a number of parameters,and there are often com-
plex relationships between these parameters , resulting in poor optimization performance of the optimization method. For
this reason, a mathematical modeling and optimization analysis method for ultrashort laser micromachining is pro-
posed. First of all,the thermal accumulation effect of ultrashort laser micromachining on the surface is analyzed based
on the differential equation of heat conduction,and the mathematical model of ultrashort laser micromachining is con-
structed according to the analysis results. Then, through the mathematical model, the influence of different polishing
parameters on the thermal effect and thermal stress in the processing process is analyzed. Finally, the hierarchical
structure is adopted to optimize the distribution uniformity, surface layer depth and hardness of the hardened layer, so
as to build the mathematical optimization model of ultrashort laser micromachining and achieve the optimization analy-
sis. The experimental results show that the average machining accuracy is as high as 99 % ,the lowest roughness is on-
ly 5 % ,and the finish and uniformity are more than 90 % ,which is of good practicability.

Keywords ; ultra short laser micro processing;differential equation of heat conduction ; mathematical modeling optimi-

zation ;surface roughness ; processing accuracy
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Fig. 1 Schematic diagram of laser polishing principle
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Fig. 2 Optimization objective of ultra-short laser micromachining

polishing parameters
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Fig. 3 Experimental environment
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Tab. 1 Ulirashort laser microprocessing parameters
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Tab. 2 Model accuracy test results
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Tab. 3 Surface roughness results before

and after optimization

LB /%
W | gy | RO ARPHOE | KRR

Bl | GfonEfie | A
1 89 5 19 20
2 88 6 15 21
3 89 5 16 22
4 90 8 14 19
5 85 6 16 20
6 88 8 15 19
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8 89 7 16 18
9 90 5 18 20
10 86 6 16 22

SIMT e 3 IR nT R A 22 ST AR SR
ALJ5 HLRE FE IR 2 AE 10 % AR, SR R S %
HET DA AOHURE N BRI LR o X HE T ik AL
Rt AT B, el R RS T 14 % 5 18 %,
EAS R TA ST o BIA SO i i OB R0
TR BT, RA S

ik FIW LA i R OB RO TR 7 fE
WA RO IO 22 1 i, DADYE T JE 5 48 S O 3 1
S RITAN 8 Bp 2E AT 0 DU, 2 SR A Is S (&1 6
7R o

8

i

i

B

H

=
—ste— KWL Iy 1

60 J —o— AFRPHDEAEAL T %

—— Rk

50

0 1 2 3 4 5 6 7 8 9 10
SRR EL/ IR
K5 iR s:

Fig. 5 Finish test results
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