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Abstract By selecting laser power, laser pulse frequency and scanning speed as optimization variables, we establish
a multi-objective optimization model of laser closure process parameters in vitro skin tissue. Based on MATLAB
software, we use second generation non-dominant sequencing genetic algorithm (NSGA-II) to find the Pareto
optimal solution set, obtain the optimal process parameters, and then analyze the response sensitivity of
optimization objectives to the variation of process parameters. Under the optimized process parameters, the tensile
strength of the incision is tested and the microstructure is analyzed. The results show that the incision tensile
strength has high sensitivity to the laser process parameters, and the laser power has significant effect on the
incision tensile strength and the tissue peak temperature. The proposed optimized process can achieve the in vitro
skin tissue closure in full-thickness. In the case of tissue peak temperature decreasing, the tensile strength of in
vitro skin tissue incision is 5.6 % higher than that of single-objective optimization.
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Fig. 1 (a) Experimental tissue sample;

(b) experiment setup
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Table 1 Experimental parameters and results

Power Speed v / Frequency Tensile strength Peak temperature
Number

P /W (mmes ") F /kHz 6,/ (Neem ™ ?) T /C
1 3.5 250 150 38.2 49.2
2 4 200 50 27.3 53.0
3 3 150 50 40.2 50.0
4 4 250 100 28 53.5
5 4 150 100 36.7 58.0
6 3.5 200 100 43.8 53.5
7 3 250 50 37.5 49.0
8 3 150 100 22.1 42.0
9 3 250 100 27.2 39.8
10 3.5 200 100 45.7 52.7
11 3 200 50 27.3 40.8
12 3.5 150 150 28.9 53.3
13 4 200 150 44.7 56.5
14 3.5 200 100 45.9 53.1
15 3.5 200 100 42.4 54.5
16 3 200 150 23.6 40.8
17 3.5 200 100 45 54.2
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Table 2 Value range of process parameters

Welding parameters Value
P /W 3 3.5 4
v /(mmes™ ') 150 200 250
F /kHz 50 100 150
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Fig. 3 Pareto-optimal front for incision tensile

strength and tissue temperature
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Table 3 Pareto-optimal solution

Laser power Laser frequency

Welding speed

Tensile strength  Tissue temperature

Number
P /W F /kHz v /(mmes ') o,/ (Neem™?) T /C
1 3.65 119.81 205.33 44.79 53.29
2 3.57 121.41 220.97 44.23 53.57
3 3.59 129.36 216.52 44.42 53.87
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Table 4 Sensitivity of the response of objective functions

to the decision variables

Parameter Range /% Ao,/(Neem™?) AT,/C
“+10 +4.1 +3.5
AP /W
—10 —3.2 —4.5
+10 +3.4 +0.50
Av /(mmes )
—10 —3.0 —0.80
+10 +2.1 +0.6
AF /kHz
—10 —2.4 —0.4
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Table 5 Experimental verification results

Number 1 2 3 4 5  Average
oy/(Neem™2) 47.9 47.7 46.3 45.1 46.5  46.7
T /C 51.2 52.5 49.3 48.6 524  50.8
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Fig. 4 Appearances of in vitro pigskin tissue closure with optimized parameters.

(a) Front side; (b) reverse side; (c) cross-section
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