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Evaluation of Optical Performance for an Aspheric Lens
Connecting with FE Analysis of Injection Molding
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Abstract

The present study covers an integrated simulation method to evaluate optical performance of an aspheric plastic lens by
connecting a finite element (FE) analysis of injection molding with a ray tracing simulation. Traditional ray tracing
methods have based on the assumption that the optical properties of a lens are homogeneous throughout the entire volume.
This assumption is to a certain extent unrealistic for injection-molded plastic lenses because material properties vary at
every point due to the injection molding effects. To take into account the effects of the inhomogeneous optical properties
of the molded lens, a new ray tracing scheme is proposed in conjunction with a FE analysis of the injection molding. A
numerical scheme is developed to calculate ray paths on every element layer with more realistic information of the
refractive indices which can be obtained through the FE analysis. This information is then used to calculate the ray paths
based on the FE mesh of which nodal points have unique index values. The proposed tracing scheme is implemented on
the tracing of an aspheric lens, and its validity is ascertained through experimental verification.
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Fig. 1(a) Ray tracing result for a spherical lens

Fig. 1(b) Ray tracing result for an aspheric lens
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Fig. 2 Basic symbols in meridional ray tracing[1]

R,
P r
Ray i ! \!uk
Iy iy
3
p 4T F*
Vi Y+l
v v

Fig. 3 Schematic description of the finite element
based ray tracing method[8]
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Table 1 Mechanical property of ZeonexE48R

Constants Value
Young’s modulus (GPa) 2.55
Poisson’s ratio 0.38
Density (kg/m°) 1020
Thermal expansion coeff. (/°C) 9.40x 107
Specific heat (/kg.°C) 1441
Glass transition temperature (°C) 140
Refractive index 1.52385

Table 2 Injection molding conditions for the lens

Items Contents

Melt temperature (°C) 280
Mold temperature (°C) 120
Injection time (s) 2.0
Packing time (s) 4.0
Cooling time (s) 30.0
Injection pressure (MPa) 65.0
Packing pressure (MPa) 55.0

Fig. 4 Flow patterns during the filling stage
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Fig. 5(a) Sectional distribution of specific volume
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Fig. 6 Basic layout of the developed finite-element

based ray tracing software
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Fig. 7(a) Ray tracing result(homogeneous)
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Fig. 7(b) Ray tracing result(inhomogeneous)
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