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Development of intelligent grinding system
for aspherical surface machining
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Abstract

As consumer in optics, electronics, aerospace and electronics industry grow, the demand for ultra

precision aspherical surface lens increases higher.

To enhance the precision and productivity of ultra

precision aspherical surface micro lens, the following specification of ultra precision grinding system is
required: the highest rotational speed of the grinder is 100,000rpm and its turning accuracy is 0.1um,
positioning accuracy is 0.1gm. The development process of the grinding system for the ultra precision
aspherical surface micro lens for optoelectronics industry is introduced. In the work reported in this
paper, an intelligent grinding system for ultra precision aspherical surface machining was designed by
considering the factors affecting the surface roughness and profiles accuracy. An aerostatic form was
adopted to build the spindle of the workpiece and the spindle of grinder and ultra precision LM guide

way was adopted in this system.
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Table 1 Trends of aspherical surface lens

) Form | Surface o
Optical . Machining
Material | Accuracy|Accuracy
component Method
(¢mP-V) | (nmRmax)
CD,Camera ) Injection
Plastic | 0.1~1 10~30 )
lens molding
Laser .
) Cu, Al 1~5 30~100 | Cutting
Mirror
Infrared | Si, Ge, Cutting,
0.3~1 20~30 o
Lens ZnS Grinding
CD,Camera Glass
Glass 0.1~1 10~30 )
Lens Pressing
Telescope Grinding—
) Glass 5~50 10~30 L
Mirror Polishing
Lithograph Grinding—
BOPWY Glass | 0.1~02 | s~10 | CM€
Lens Polishing
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t}. Fig. 2 H|7+W #d=9] 7hF8 A2r AlaE Table 2 Specification of grinding system
o] JhFwolty. FH Fow v FAE Unit Soecificat
. ni ecification
& n4% F T A2nEg AAd 3 >
ABE HopFn TR Frdl olgHE B Workpicce Size ¢5mm Convex
Alojste] vlFE F4S 7HEE v 3T Material Optical glass
o hEEeR F AGIE Sl AAEE A Positon Accuracy | O.um
ElE 51, CCD7MMI S o] &3te] dArtsEd
T 1 traight A pm/4
wame Asa AME S ok = oA fot rave S.ralg ness 0.1pm/40mm
T A 7R YA NC AEZHE = Stiffness(H/V) 200/400N/m
A v]7-H NC HolHE JEsHA ¥ 7&S Rotational Error 0.1gm
. Workpice
st7 =k Soi ZI Rotational Speed ~ 1,500rpm
72 & A=A _ ; X pindle
Fe o ]"f 8(On-Machine Measurement) | Stiffness(R/Axial) | 30/100N/m
28s Sl B F4S st sA =4
) - i Grindi
olHE HAsM HATtTS Aser & 5 9 PIANE T Rotational Speed | 100,000rpm
E A%Y A Azg e Spindie
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(a) FE Modeling shape
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Fig. 3 Layout of grinding system for aspherical

surface lens

(b) Boundary condition

Fig. 4 FE modeling of grinding system for

aspherical surface lens
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(a) Deformation of grinding system
(b) Distribution of equivalent stress

Fig. 6 FE analysis results of grinding system

(ke/m’)
420
7,870
2,700

Density
7

8
4

Poisson's
Ratio
0.1
0.3
0.3

unit
07
70

(GPa)
2

Elasticity

Material | Modulus

2004
FC20
FC25
S45C

A6061

2

Table 3 Material properties of grinding system
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Fig. 5 FE Modeling of material properties for each
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