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Factors affecting the machining precision of a micro-lens array on a

spherical surface in slow tool servo machining
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Abstract; Ultra-precision slow tool servo (STS) machining can directly generate high-precision contin-
uous and discontinuous freeform surfaces. However, in the fabrication of a micro-lens array (MLA)
by STS, a single lens achieves different levels of quality. In addition, the low quality of a single lens
may induce the failure of the entire functional component. To study the factors affecting the machi-
ning precision of an MLLA on a spherical surface in STS, an experimental investigation was conducted.
Specifically, the effects of the geometries of the base surface and position of a single lens on the machi-
ning precision of an MLLA were examined. In the experiments, an MLLA was machined by STS into three

spherical surfaces having different radii, and Bruker GT-X was used to measure the base surface and micro

Wi HHER:2018-01-09;1&1T HH#5:2018-03-16.
ELTBH:EFAAR 2 ELSHEASELEITH (No. U1601202); 7 KA AR B ¥E LS E I H (No.
2015A030312008) ;] Z: 48 B H ifF & % B H (No. 2015B090921007)



10 M P

S, A BRI L folo i 5 P 21 AR 58 A R NS 2 52 i K] 3% ) i 2517

lenses. The effects of the base surface and lens positions on the surface roughness and form error of a single

lens were studied. Experimental results show that the position of the single lens changes the surface topogra-

phy. surface roughness, and form accuracy of the lenses on the same base surface. In addition, the geomet-

rical information of the base surface changes the machining precision. When the radii of base surfaces are in-

creased from 50 to 150 mm, the surface roughness of the outer circle lens decreases from 75. 78 to 69. 08 nm

(Ra). Therefore, considering the effect of the base surface and lens position on machining precision in the ul-

tra-precision STS machining of MILAs is necessary. This may contribute to improving the precision consisten-

cy of MLLAs and ensuring proper component function.

Key words: Micro-Lens Array (MLA); Slow Tool Servo (STS); surface roughness; form accuracy
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Fig. 1 Design of micro lens array
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Fig. 2 Three-dimensional design diagram of the component (R50 mm base surface)
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Fig. 7 3-D surface topographies of single lens on the same base surface (R50 mm) with different positions: central

sub-lens and outer circle lens
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Fig. 8 Measurement results of the lenses on different positions on different base surfaces: (a-c) The center lenses

on the base surface with spherical radius R=50 mm, R=100 mm, R=50 mm; (d-f) The outer circle lenses on

the base surface radius is R=50 mm, R=100 mm,R=150 mm
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Tab.4 Form error analysis of machined lenses

F T 2 4% . iR 12 BB o %1% 2% X R 2
F B E " :
/mm HSAE /mm /mm /mm /%

ol T8 4.072 0.072 1. 800

50 4. 000
55— 3.922 0.078 1. 950
ol T4 3. 958 0.042 1. 050

100 4.000
o —JEl 3.917 0.083 2.075
ol T4 4. 038 0.038 0. 950

150 4. 000
R 3. 888 0.112 2. 800
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