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ABSTRACT: The work aims to study the technology of smoothening the fused silica optical elements and explore the influence

of different scanning velocities on the surface roughness of smoothed fused silica optical elements when CW CO, laser is used
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to smoothen the fused silica optical elements under the fixed laser power and beam size. The study was carried out by simulation

and experiment. A finite element model was used to simulate the laser processing model with a laser power of 25 W and an

elliptical spot with a minor axis of 2 mm and a major axis of 3 mm. The temperature field and corresponding stable temperature

of laser beam acting on the surface of fused silica under different scanning speeds were obtained. The accuracy of temperature

simulation model was verified by fixed-point irradiation experiment, and single factor experiments with scanning speeds of

0.04 mm/s, 0.1 mm/s, 0.2 mm/s, 0.35 mm/s and 0.5 mm/s were carried out. Atomic force microscope was used to detect the

surface roughness of fused silica before and after the smoothing experiment, and the relationship between roughness and laser

scanning speed was obtained. When the laser power was 25 W, the stable temperature corresponding to the five scanning speeds

was all distributed above the melting point. The surface roughness of the fused silica after smoothing at five scanning speed was

significantly reduced, and the smoothing effect of reducing the initial surface roughness of the fused silica from 62.55 nm to

6.17 nm was obtained at a scanning speed of 0. mm/s. When the laser power and laser spot size are constant, there is an

optimum scanning speed to reduce the roughness of the machined surface to the optical surface.

KEY WORDS: laser smoothing; fused silica; finite element analysis; scanning velocity; temperature field; surface roughness
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Tab.1 Relation between laser scanning velocity
and interaction time
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Fig.1 Schematic diagram of laser beam action
2 HEHME

21 PESEE
A BROT 7 A 8K S S7 06 0 9 il B 7 4 B f



+ 318 -

EN TR NN

2019 4 8 H

D5 FAR TR, 38 2 1153 25 SR AT DAAR SO BPE A A8 s
A7 AT 0 IR JRE Bt O PR A A R O ) A A R
3o 43 BT TR A L5 SR 0T LAAS 2 X R A R R Y
R U BE DX ], A SR SRR E BRI A A
BIRSE A ¢50 mmxS mm,

22 REBHEEENBREFMHLE
BOt S AS BN TR R, LG RE Ml
I L TR PRI AR X BB AT R

(1) BORLAS IR R4 10 [ P HLX 2105 (2) REA R
TR, JCHARA T, B L S

oT (x,y,z,t) o*T o*T &°T
e | = |+ 0(x, y,2.8) (2
AP o o o O(x».21) )

Kb p OB, ¢ AWE, kL HIES:

2, O, y, z, VNI, p=2210 kg/m®, ¢, k{EHFE

AL, HAE W3 2—3P Wtk 4K =0, At)=6p,

Hr, o WA sviniR g, BOASERE 20 C, #

JEH IR AT AL R FRE (R L3R A
—kZ—T+h(Th—T0)+Bg(7"h4—7"04):(11(x,y,z,t) (3)
zZ

FERE R HoAh R TH A

oT
—ka—h(Th—Tn) Q)

A h AR S BRI, ¢ R
R R, O DRI SN R, o MO
PEXTHOCMBICREL, I(x, y, z, OFROCREERE, 6,
N EFOCHR NS B BRI, B NPURE S
HRL SHIE R 41,

K2 RBRARRBIHEER

Tab.2 Interpolation of fused silica heat capacity
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Tab.3 Interpolation of fused silica heat conduction coefficient
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Fig.2 Temperature field corresponding to each scanning velocity: (a) temperature sampling point,
(g) temperature distribution of 3# sampling points at 5 different scanning velocities
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Fig.7 Test results of optical microscope and contour-graph
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