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1. Introduction

Fabrication of optical elements by machining re-
sults in surface irregularities and a certain roughness. Any
manufacturing inaccuracies damage the entire operation of
the optical system due to excessive form deviations, light,
or laser beam propagated through a lens, prism or other op-
tical element that can cause distortion, image irregularity, or
system damage in the worst case, and this is especially true
for high power lasers. If the optical surface has mechanical
damage (lines, cracks, etc.), it causes additional resistance
to the laser beam, in which case heat is released in the areas
where the damage occurs, rendering the entire system unus-
able and unsafe. All of the shortcomings listed above occur
due to inadequate technological parameters during the man-
ufacture process, as well as installation inaccuracies, meas-
urement errors, in-process tool wear and other factors. It is
important to examine what technological parameters would
reduce the resulting inaccuracies during manufacturing, as
the most difficult operation in the production of aspherical
lenses is polishing.

Spherical lenses were used in conventional indus-
try for a long time, but new types of lenses have been created
during the innovation processes. One type of lenses is the
aspherical ones. They allow to reduce the number of lenses
in optical systems, are thinner and exhibit better optical
characteristics. The demand of lenses of this type is con-
stantly increasing (they are used in cameras, lasers and other
optical systems); and it is a problem to optimize the manu-
facturing process for aspherical lenses.

Various parameters are important to control the
polishing process if it is necessary to get high quality of the
optical element. Two main parameters describing the qual-
ity of aspherical lenses are accuracy of the form shape and
surface roughness. Small surface roughness secures good
optical transmittance [1]. The size of abrasive grains makes
the biggest influence on the surface. The workpieces of SiC
were investigated in a step-terrace structure after polishing,
where a smaller surface roughness was established with
small abrasive grains [2]. Rotation speed, polishing pressure
and time had the influence on the polishing process. When
the polishing pressure increases, the coefficient of friction

also increases [3]; and when the rotation speed and size of
abrasive grains increases, the surface roughness deteriorates
[4-T].

Cerium oxide pellets [8] or soft-magnetic particles
with magnetorheological fluid [9] could be used to make the
polishing process more effective, yet these technologies can
cause trouble in CNC polishing machining. The elastic
properties of the pad material change in the polishing time,
but they do not have the main influence on the surface qual-
ity [10]. It is more important to keep necessary accuracy be-
tween the polisher and the workpiece [11].

A semi-rigid bonnet tool and penetration depth
control were used to get the form shape of aspherical lenses
[12 — 14] that is important for the optical characteristics. A
research on the polishing characteristics for aspherical
lenses from fused quartz manufacturing has been conducted
and optimal polishing parameters for the best quality of as-
pherical lenses are provided in this article.

2. Object of the research

Aspherical lenses of 25.4 mm in diameter with a
focal length of F = 60 mm were selected for the test. Such
lenses were chosen because of their complexity of manufac-
ture, which is strongly convex and requires the machine to
make much longer movements, which results in greater er-
rors. Such short-focal aspherical lenses often used to opti-
mize their polishing rates is the aim of this research.

The geometric parameters of manufacturing as-
pherical lenses were described by the formula (1):

7= v +AY HAY LAY (1)

R[l+,/1—(1+ k);z]

where: As, As, An are coefficients; Y is coordinate from the
center of lens; z is height of camber (0 in the center, maxi-
mum at the edge) k is conicality; R is radius of curvature.

Aspherical lenses parameters chosen for the exper-
imental data are demonstrated in Fig. 1.
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Fig. 1 Aspherical lens

Fused quartz specimens were chosen for the exper-
iments because they are one of the most widely used mate-
rials in optics, and hardly any research has been performed
with the exception of BK?7.

3. The experimental setup

The mechanical processing of lenses consists of
cutting, profiling to the necessary diameter, grinding and
polishing. The spherical shape was manufactured in the first
grinding operation with CNC grinding machine, whereas
the aspherical shape was manufactured in the second grind-
ing operation. The polishing process consisted of two oper-
ations. A clear surface was obtained in the first polishing
operation, while in the second, a necessary form shape was
received. The measurements and the appreciated quality
were obtained after manufacturing. The polishing process
could be repeated if necessary.

The technology of aspherical lense manufacturing
from melted quartz was investigated. A cylindrical work-
piece with the diameter of 25.4 mm is presented in Fig. 2.
The five-axis CNC machine Schneider “SCPA100” (maxi-
mum rotation speed 2500 rpm) was used for polishing, and
the diameter of toll was 100 mm.

a b

Fig. 2 Cylindrical workpiece a) A glued up on the holder B;
b) polisher on the right side

The polishing scheme is shown in Fig. 3. The pol-
isher was turned into direction B and the workpiece — into
direction C. Moving axes Z, X and C guaranteed a fixed
contact between the polisher and the workpiece in the dif-
ferent places on the lens. The polisher was made from a me-
tallic part and polyurethane, which was penetrated into the
workpiece at 0.1 — 0.3 mm depth.

Polisher

Workpiece

Holder

Fig. 3 Polishing scheme for aspherical lenses

The form shapes were measured after each polish-
ing operation with the profilometer “Hommel Etamic Na-
noscan 855, which is demonstrated in Fig. 4. The measured
profile was automatically compared to the theoretical pro-
file, whereas the surface roughness was appreciated, too.
The data provided were processed using the custom soft-
ware “Turbo Wave”. It described the ideal theoretical curve
with which the real profile was compared after polishing;
the measuring distance and the number of points were se-
lected. The most commonly used parameter for measure-
ment of optical element deflection, which is usually desig-
nated as PV peak-to-valley, is the distance of deviation from
minimum to maximum.

i 2
R -

Fig 4 Measuring aspherical lenses with the profilometer; A
— probe, B — lens, C — holder, D — form precision po-
sitioning

Surface shape deviation PV was measured with a
spherical probe of 1 mm in diameter. The roughness param-
eter Rz was measured with the needle tip “WCNI1T KES5 /
90 T7.0 D11 /30” with a rounding radius of 5um.

The experiment plan for all of the factors (full fac-
torial design) was devised. Investigators can analyze the be-
havior of the system in different conditions with factors
changing at a time. Each size of the test constitutes the nu-
merical result of the range of the factors. Only two factors
had the influence on the set of examples as the plan was pro-
jected only of two factors (using the formula 2f, where f —



459

number of factors). Three factors made the sides of a cube
32 = 9. If there are more factors, they are projected as the
tops of the cube. The experiment plan for all of the factors
is the most popular [15]. The factors and levels of the exper-
iment are shown in Table 1.

Table 1
Factors and levels of the experiment plan
Lower | Standard High Units of
level (-1) | level (0) | level (+1) | measure
Polisher speed 800 1000 1200 rpm
Penetration 0,15 0,2 0,25 mm
depth of the
polisher

The polisher speed and penetration depth of the
polisher were chosen as the main factors for the experi-
mental data with reference to manufacturing experience.
They are usually replaced during the process of machining
to obtain the best quality of the lens. Polishing suspension,
temperature and other polishing parameters were recorded.
The levels of the factors were chosen with reference to man-
ufacturing experience. It was found that working with the
parameters as the chosen ones for the experimental data, the
best surface quality was achieved.

Experiments were made using all the combinations
of factors and levels.

4. Results and discussion

The results and experimental data of measurements
are shown in Table 2.

Table 2
Results of measurements
. Penetration . Form Surface
Experi- Polisher .
dept of pol- shape devi- | roughness
ment No. | . speed, rpm .
isher, mm ation, pm Rz, um
1 0.15 1200 3.4 0.066
2 0.15 800 2.6 0.176
3 0.15 1000 3.2 0.081
4 0.2 1200 4.7 0.068
5 0.2 800 3.1 0.088
6 0.2 1000 3.9 0.078
7 0.25 800 3.3 0.09
8 0.25 1200 6.9 0.06
9 0.25 1000 4.5 0.066

Two parameters were measured — form shape de-
viation (Fig. 5) and surface roughness R,. They are most im-
portant for getting a good permeability of the ray and focus-
ing it.

Different results of the measurements were ob-
tained, so it is necessary to make their analysis. The analysis
of the results presented in Fig. 6 demonstrates that deviation
from the form shape decreases when the penetration depth
and the rotation speed of the polisher decrease. However,
the material removal rate also decreases, so the polishing
time becomes longer than working with higher speed and
bigger penetration depth.

Surface roughness was appropriated and the results
are shown in Fig. 7. When rotation speed and penetration
depth increase, surface roughness decreases and the quality
of the surface of aspherical lenses increases.

The program “Design Expert 10” was used to ap-
preciate general effectiveness. The results are shown

in Fig. 8.
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Fig. 6 Influence of form shape deviation on penetration
depth and rotation speed
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Fig. 7 Influence of surface roughness on penetration depth
and rotation speed

Speed, rpm

It was found that the best simultaneous combina-
tion of polishing situation for small surface roughness and
form shape deviation is with the penetration depth 0.25 mm
and rotation speed 1000 rpm. The effectiveness of all the
experiments is shown in Table 3.
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Interaction The combination of the lowest levels of factors (the
B: Speed polisher speed 800 rpm and the penetration depth of polisher
: Speed, rpm . L
» 81800 0.15 mm) got 0.630 effectiveness. The combination of the
B 3a0e 5 highest levels of factors (polisher speed 1200 rpm and pen-
. a " etration depth of polisher 0.25 mm) got only 0.495 effec-
~ = tiveness.
g o : :
< g 5. Conclusions
>
:?:_3 . Penetration depth and polisher rotation speed have
b il the biggest influence on the quality of aspherical lenses. To
obtain the best shape, it is necessary to use the smallest cho-
. sen values of rotation speed and penetration depth, whereas
the parameters for surface roughness polishing change con-
versely. The smallest value of surface roughness Rz was
0.06 pm, and shape deviation was 2.6 pm. It was found that
the best simultaneous combination of polishing situation for
s Peretiahion deiith, it small surfac_e roughness and form shape deviation is with
the penetration depth 0.25 mm and rotation speed 1000 rpm.
Fig. 8 Graph of effectiveness
Table 3
Effectiveness of experiments
Exp(la\lriment Penetration depth, Speed, rpm Form shape deviation, | Surface roughness Rz, Effectiveness
0. mm pum pm
1 0.25 1000 3.556 0.075 0.823
2 0.2 1000 3.956 0.075 0.772
3 0.15 1200 4.289 0.065 0.763
4 0.15 1000 4.089 0.075 0.754
5 0.25 800 2.356 0.118 0.707
6 0.2 1200 4.756 0.065 0.692
7 0.2 800 3.156 0.118 0.660
8 0.15 800 3.489 0.118 0.630
9 0.25 1200 5.956 0.065 0.459
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Summary

Spherical lenses were used in conventional indus-
try for a long time, but new types of lenses have been created
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during the innovation processes. One type of lenses is as-
pherical. Two main parameters describing the quality of as-
pherical lenses are accuracy of the form shape and surface
roughness. These parameters can be obtained after the last
operation — polishing. The technical parameters that have
the biggest influence on the form shape and surface rough-
ness were investigated in this experiment, and optimal tech-
nical parameters for the polishing process were established.
Melted quartz “UVFS” was used in this research, the inves-
tigations were carried out according to full factorial design.
The five-axis CNC machine Schneider SCPA100 was used
for polishing and the profilometer Nanoscan 855 was used
for measurements. After the analysis of the results, it was
found out that the speed of rotation and penetration depth
are the most important factors in the polishing process. To
obtain the best shape, it is necessary to use the smallest cho-
sen values of rotation speed and penetration depth, whereas
the parameters for surface roughness polishing change con-
versely. The smallest value of surface roughness R, was
0.06 pm, and shape deviation was 2.6 pum. Optimal polish-
ing parameters for the best quality of aspherical lenses are
provided.

Keywords: aspherical lenses, form deviation, polishing,
surface roughness.
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