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Abstract

In imaging optics, centering errors in the alignment of the optical surfaces of a lens

lead to aberrations. In spite of a very precise process, a lateral offset between both

optical inserts in the mould occurs and results in centering errors of the replicated

optical component. A new mould concept avoids centering errors while producing

optical plastics components by adjusting the optical insert of the fixed mould half.

The insert can be aligned by thermal expansion bolts from cycle to cycle with an

accuracy in the lower micron-range. Therefore it is possible to improve the optical

performance of moulded optical components without a machining of the mould.

1 Introduction

The technological and economical challenge to substitute glass in the field of optics

requires high-precision manufacturing processes to achieve the required optical

performance. Fundamental research work on the replication of optical components is

the aim of the Transregional Collaborative Research Center SFB/TR4. Different

manufacturing techniques like injection moulding and injection-compression

moulding, different lens geometries and different process variants are analysed in

particular regarding the geometrical accuracy in the manufacturing process and the

optical performance in the replication of thick-walled optical components.

The geometrical accuracy and in particular the optical performance of the replicated

thick-walled optical components could be enhanced through the change from

injection moulding to the injection-compression moulding process [1]. Furthermore,

the manufacturing of aspherical lenses can avoid the spherical aberration of spherical

lenses and bring a further enhancement of the optical performance [2].
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To increase the optical performance

of plastics optics, the functional

surfaces of the lens have to be

aligned exactly in relation to each

other. The centering error of optical

components, shown in Figure 1, has

an important influence on the

imaging performance of an optical

component [3, 4]. Paraxial incident

rays are refracted on both spherical

surfaces. If the surfaces of the lens

have a paraxial offset, the image of

the lens has aberrations. Especially for the replication of aspherical or freeform

lenses, an ideal centering of the two inserts has to be ensured to achieve aberration-

free optical components. Measurements of replicated lenses produced in an existing

mould with a coordinate-measuring-machine showed a lateral offset between the

optical axes of 10-25 µm. However, the imaging performance of a lens is influenced

already by a few µm [3, 4, 5].

2 Mould design

To have the possibility of aligning one insert to the other, a special mould design was

developed with an integrated adjustment unit. A lateral offset between both inserts

can be compensated without a

machining of the mould and the

inserts. For this purpose, thermal

expansion bolts with an x-y-slide

were integrated into the mould

(Figure 2). The modular mould

concept can be used for injection

moulding or injection-compression

moulding. The x-y-slide is

assembled in the fixed mould half

and the optical insert is connected
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centering error
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to this slide. Depending on the temperature control of the two thermal expansion

bolts, the slide can be moved into the requested position. After the mould is closed,

the slide is fixed by the moving mould half.

This mould design allows a dynamic

adjustment of the insert in the fixed

mould half from cycle to cycle

without a rebuild of the mould. The

adjustable range is 100 µm with a

precision in the lower micron range.

The modular mould design allows the

replication of plastics lenses with a

diameter of 70 mm and a thickness of 6 mm on the edge (Figure 3). The compression

core has a diameter of 60 mm, the changeable inserts have a diameter of 50 mm. The

analysed lens geometry is a biconvex lens with a spherical radius of 150 mm on both

sides.

3 Measuring equipment

In order to characterise the

centering error of the two optical

surfaces of the lens, a measuring

device OptiCentric MOT 2R by

Trioptics GmbH, Wedel, Germany,

is used (Figure 4). This measuring

unit allows the measurement of both

functional surfaces of the lens with

transmitted light in one setting. The

paraxial offset of the optical

functional areas can be measured in a range of 0.1 µm.

First results of the used adjustment unit show the possibility to move the insert in the

fixed mould half in order to produce a lens without or with a minimized centering

error (Figure 5). The trials were made on a full-electrically drive Engel e-motion

440/150 injection moulding machine. The used material was a PMMA Plexiglas 7N

from Evonik Industries AG, Marl, particularly suited for optical applications. The
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Figure 4: Trioptics OptiCentric MOT 2R
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used process variant was a force-controlled

injection-compression process with a

compression time of 300 s and a

compression force of 300 bar. In the initial

state (mould and adjustment device both

have 80 °C) the centering error adds up in

both directions to about 40-50 µm. When

the adjustment device is heated to 160 °C in

the x-direction and cooled down to 20 °C in

the y-direction, a lens with a maximal

centering error of 15 µm on the x-axis can

be achieved. The centering error on the y-

axis could be lowered to 5 µm.

5 Conclusions

Complex applications require a high optical performance of the used optical

components. To increase the optical performance while eliminating the centering

error of a biconvex lens, a mould with an adjustment unit has been designed. This

concept allows the centering of the optical insert in the fixed mould half in a range of

100 µm.
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Figure 5:

Centering errors of produced lenses


