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Optical system analysis and heat dissipation design of
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Abstract : The method of combining numerical simulation and experiment is adopted for the optical system of a high-
power direct writing device,and the heat dissipation structure of a lens barrel is designed. The thermal analysis and
stress-strain analysis of the structure of the optical system were carried out by finite element analysis software ,and the
analysis results showed that the laser power of the optical system was 100 W, and the highest surface temperature of
the lens barrel made of SUS304 and AL6061 was concentrated in the area near the prism box,with a maximum tem-
perature of 59. 016 °C ,and the overall temperature uniformity and heat dissipation performance were poor. The test re-
sults show that when the heat dissipation system is working normally ,the overall temperature difference of the system
is only 0.99 °C ,which meets the requirements of temperature uniformity,and the DMD calibration error is less than

15 pm and the center position drifts in the same direction, which meets the technical index requirements of less than
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20 pm, which is conducive to the image stitching when the system is exposed ,and verifies the effectiveness of the heat

dissipation design.

Keywords : high-power direct writing equipment ; optical system;thermal analysis; stress-strain analysis ; heat dissipa-

tion design ; experimental verification
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Fig. 1 Optical system structure
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Fig. 2 Optical system works
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Tab. 1 Material parameters

LA TR MR R FEp/ (kg -m™) | #ERRPA/(W-m™ k) HHFEC/(J kg™ - K™
E#F DMD %kt PCB 1850 17 1500
DMD Al 2719 202. 4 871
DMD {5 Johse Al, 05 3900 30 1050
DMD b 2 [ 52 1 Al alloy 2713 155 915
e 1 SUS304 7900 16.3 423
S 2 ALB061 2703 167 885
e B Glass 2500 1.4 750
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Fig.5 Temperature distribution contours
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Fig. 7 Stress-strain distribution contour
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Fig. 8 Optical tubes of different materials( yellow light laboratory)
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Fig. 10 Prism box area heat dissipation treatment
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DMDSR{2 (365885, -129932] 2 B (365875,-129930), iR%E:[-10,2)
DMDI/B(2E:[417561,-258] $F{2 8. [417555,-263),iRE:(-6,-4)
DMD 10U [470282,-130412) S7(2 5. [470260,-130401) iRE:[-22,11)
DMD 1162 #:[521803,-198) 872 8- (521787,-199), iRa:(-17,-1)
OMD 12 =:(574197,-130410) 8522 (574177,-130411) iRE:(-19,-1)
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Fig. 16 DMD position relationship calibration error 1
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£} EEE-OMDREREFESETAUTHRDER:

\ DMD1/B425:(0,0) 972 3:(0,0),iRE:(0,0)
DMD2M {8 (52844, -129525) $7L 3. [52844,-129522), iRE:(0,3)
DMD3 M ®:(105581,577) {2 B:(105575,578),iR4E:(-6,1)
DMDABIB:[157545,-129363) SF{23:[157533,-129363), iREE:(-12,0)
DMDS B2 3:(209431,698), 87(25:(209422,698), iR E:(-10,0]
DMD6R2 & [261802,-129563] 7423 [261798,-129559), iREE:[-4,4)
DMD7/Bi{2#:[314397,452] SF{28:(314394,456), iREE:(-3,5]
DMDSEHZH:[366257,-129393) {21 [366256,-129387), iR [-1,6)
DMDO{ M (418623,481), #r{2#:(418625,485), iREE:(1,4)
DMD 10N H:[470355,-129331] {25 (470355,-129311),28:(0,20)
DMD11M(2 3 [522809,341) 372 [522816,355), IREE:(8,14)
DMD1 2B [S75579,-129451) 872 B [575576,-129453), iRE:(-3,-2]
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Fig. 17 DMD position relationship calibration error 2
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