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Removal of the single point diamond turning marks by spiral sine trace

bonnet polishing process

Wang Peng, Zhang Hao, Jia Yapeng, Yang Kun, Li Weihao
(Tianjin Institute of Jinhang Technical Physics, Tianjin 300380, China)

Abstract: Single point diamond turing (SPDT) technology has been widely used in the high precision optical
surface processing field. However, the micro-nano texture which is mainly composed of turning marks remain on
the turned surface will affect performance of optical systems. Therefore, it’s necessary to remove the turning
marks for improving the surface quality. Removal of the single point diamond turning marks was studied in the
paper. It was found that the removal efficiency was highest when the polishing direction was perpendicular to the
turning marks. A new polishing trace called spiral sine trace was presented based on the finding. The design
principle was introduced in detail. Contrast experiment of different polishing tracks consisting of spiral sine trace,
spiral trace and raster trace utilizing bonnet polishing was carried out. Result shows that the improvement effect
of micro-nano texture in spiral sine trace was obviously superior to two other kinds of trace. A germanium
aspherical surface manufactured by SPDT was smoothed by spiral sine bonnet polishing. The results shows that
the roughness of surface Ra reduce from 1.28 nm to 0.4 nm before and after polishing, the regular turning marks
transform to random micro-nano texture, and above all, the surface figure accuracy isn’t damaged during the
smoothing process.
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Surface statistics:

Ra: 73.69 nm
Rgq: 88.53 nm
Rz: 502.83 nm
Rt: 525.31 nm

Set-up parameters:
Size: 640x480
Sampling: 198.17 nm

Processe d options:
Terms removed:
Tilt

Filtering:

None

Surface statistics:

Ra: 106.06 nm
Rg: 121.83 nm
Rz: 492.57 nm
Rt: 515.25 nm

Set-up parameters:
Size: 640x480
Sampling: 198.17 nm

Processed options:
Terms removed:
Tilt

Filtering:

None

(b) 6=90° (Ra=106.06 nm)
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Fig.1 Effect of polishing direction on rate of surface improvement
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Fig.2 Spiral sine polishing path
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Tab.1 SPDT parameters for the samples

Turning parameters Value

Tool nose radius/mm 1.457

Spindle speed/r'm™ 1500
Feed rate/mm-min’' 10
Cut depth/pm 2
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Tab.2 Bonnet polishing parameters

Bonnet polishing parameters Value
Bonnet radius R/mm 20
Spindle speed wt /r-m’ 1200
Polishing pressure P/bar 0.5
Polishing angle a/(°) 5
Polishing depth d/mm 0.2
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Tab.3 Parameters of different polishing trace

Sprial +sine Raster Sprial
P=1.692 mm
S=5.64 mm Space (Sp)  Workpiece rotating speed (@,,)
0.4 mm 200 r'm’
A=0.846 mm
Feed rate (F) Feed rate (F) .
100 mm/min 100 mm/min Feed rate (F) 4.99 mm/min
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(a) Raster polishing path. F is the feed rate of the
polishing head and S, is the space of raster
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(b) Spiral polishing path. F is the polishing tool
feed rate, ®, is the workpieec rotating speed
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Fig.3 Polishing trace comparison
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(a) Texture before polishing
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(b) After spiral sine polishing
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(c) BIEIL /5
(c) After spiral polishing
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Surface statistics:

nm

[ Ra:23.98 nm 67
Rq:27.99 nm

(d) Sem=Aots
(d) After raster polishing
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Fig.4 Micro-nano texture before and after polishing
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Tab.4 Parameters of aspheric test mirror

RO K A2 A4 A6

684.4 0 0 —6.24E-08 —3.266E-13

&5 BT S A i il e 2 X eI, dE i
WEHE 1E 5% % S C AL BRI, T ALRE BE Ra H 1.28 nm

(a) YEIF AL PERTS Y Ra=1.28 nm
(a) Texture before polishing(Ra=1.28 nm)

(b) Y AL PR 21K Ra=0.4 nm
(b) Texture after polishing(Ra=0.4 nm)

B 5 SEH R U R T RLRE X H
Fig.5 Comparison of the texture before and after polishing
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Fig.6 Compare of the PSD before and after polishing
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Fig.7 Comparison of the figure error before and after polishing
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