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Optimization of infrared fresnel lens
by injection molding assisted with ultrasonic
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Abstract: In order to improve the optical properties of a polymer infrared Fresnel lens, an efficient
injection method assisted by ultrasonic was proposed to improve the quality of microgrooves on the
surface of polymer infrared Fresnel lens, and optimize the process parameters comprehensively. First,
the effect of ultrasonic vibration on the heating and pressurizing of polymers was analyzed, and a
comparative test mold with two cavities was designed. Then, the modulation transfer function (MTF)
and average height h of the infrared Fresnel lens were used as quality objectives. A four-step multi-
objective optimization process was considered. The comprehensive optimization of process parameters
was carried out through experimental design of the relationship between quality objectives and

injection process parameters based on a back propagation neural network, and multi-objective
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optimization based on NSGA- [l and experimental verification. The experimental results show that the

multi-objective optimization process has high accuracy, and the average prediction errors of MTF and

h are 4.16% and 3. 32% respectively. The Fresnel lens grooves produced by injection molding assisted

by ultrasonic have higher reproduction quality. The average groove height A increased by 15. 6%, and

the fluctuation of h values increased with increasing A value. The MTF value is more affected by h

uniformity than by A.

Key words: injection assisted with ultrasonic; infrared fresnel lens; multi-objective optimization;
NSGA-1I algorithm; Back Propagation(BP) neural network
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algorithm

Comparison between predicted and actual values of MTF

x3 dEHRIERABER

Tab. 3 Optimal solutions of red markers
T3
No. MTF  h/pm
IS/(mm=+s ') PP/MPa PW/W PT/s
1 61.1 68.3 964. 6 1.4 0.268 53.235
2 59.4 4.7 977.2 1.1 0.324 45.788
3 63.7 65.2 1023.6 1.8 0.376 40.577
4 65.3 63.6 1036.7 1.4 0.462 37.321
5 67.7 61.9 1064.6 1.6 0.551 34,548
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Tab. 4 Confirmation experimental results for optimal

solutions of MTF and h

iRlesgs TR T 2
Ay— Wum  MTF  h/um  MTE/% A%
1 0.268 53.235  0.257 51956 4.2 2.46
2 0324 45.788  0.331 46.976 2,11  2.53
30,376 10577 0.413 42361  8.96 4.2
L0462 37321 0.451 38.468  2.44 2,98
5 0.551 34548 0.568 36.145 299  4.42
MPE e 116 3.3
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Comparison of injection molding and injection
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Fig. 12

molding assisted with ultrasonic for micro-groove
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Fig. 13 Comparison of MTF curves between injection mold-

ing and injection molding assisted with ultrasonic
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