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Pairs of cone—parabola mirrors with chamfers in
Cassegrain optical antenna to improve transmission

efficiency
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The central obstruction of secondary mirror causes a large loss of energy. This paper provides an optimization that a pair of
cone-parabola mirrors are added in the Cassegrain optical antenna, which can fully utilize the unused energy. Taking into
account of process craft, chamfers are added on the top of the cone and the connection surface between the parabola and the
cone of the secondary mirror. A series of optimum structure parameters are analyzed in detail. A main point is that, after
considering the reflectivity, transmission efficiency can be improved to 97.27% by our approach. This result demonstrates a

better performance than traditional antenna.
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1. Introduction
Because of the large aperture, no chromatic
aberration, and the wide range of available band,
Cassegrain  antenna is widely wused in satellite
communication stations and single-pulse radars[1-4] and
researchers tend to analyze the transmission performance
with optical aberrations or defocus[5-7]. However, serious
energy loss caused by secondary mirror obstruction limits
the transmission distance. To improve transmission
efficiency, lots of optimized antenna designs were
proposed in recent years [8-11].

In this paper, a pair of cone-parabola mirrors are
added in conventional structure, which can effectively
reuse energy obstructed in traditional Cassegrain optical
antenna and improve transmission efficiency to 100%
theoretically. Besides, considering processing craft,
chamfers are added on the top of the cone and the
connection surface between the parabola and the cone of
the secondary mirror. The design details are proposed and
the received spot in our antenna system is displayed. After
considering the reflectivity, the transmission efficiency of
this optimized antenna with chamfers is 97.27% .
Comparing with researches before, results disposed in this
paper provide a more practical way to enhance
transmission efficiency of optical antenna.

2. Design of antenna system

The structure commonly used is a confocal parabolic
system. The beam after collimation has a smaller
divergence angle such that the incident light can be
approximately regarded as parallel light which is emitted

from a distant point light source. However, the light
illuminating on the central zone of secondary mirror will
not be reflected to primary mirror and, therefore, can not
be transmitted. To make full use of the optical energy, we
propose an optimized structure where a cone is added in
the center of the secondary mirror of a confocal parabolic
system and a cone-shaped torus is added on the edge of the
primary mirror. The structure of this antenna system is
shown in Fig. 1.

parabola
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Fig. 1. Schematic diagram of the optimized optical
antenna system

As is shown in Fig.1, the primary mirror and a tapered
surface intersect at point B while the secondary mirror and
a tapered surface intersect at point D. Incident light
illuminating on section ED of the secondary mirror will be
reflected to section BA of the primary mirror. That's to
say, as the secondary mirror suffers from the central
reflection, rays (the shaded part in Fig.2) which are lost in
traditional Cassegrain antenna will be reflected by the
added conic of the secondary mirror and then transmitted
by the outer edge cone-shaped reflector of the primary
mirror which has the same slope as the cone of secondary
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mirror. The two paraboloids share the same focal point so
as to achieve parallel output light.

After setting the vertex of the secondary mirror as the
origin, the parabolic surface equations of the primary
mirror and the secondary mirror in the traditional antenna
system are given as follows,

y: =2p,(z+d) @
yz2 =2p22 (2)

where d is the distance between the vertex of the
secondary mirror and the primary mirror. p, and p, are
twice the value of the focal length of the primary mirror
and the secondary mirror, respectively. The effective
apertures of them are 2a and 2b , respectively. The
corresponding structure parameters of a traditional
Cassegrain antenna are listed in Table 1 below.

Table 1. Parameters of the traditional Cassegrain antenna

2a A 2b P, d
150mm 600m 30mm 120m 240m
m m

According to geometrical optics, focus
point F(z_,y.), point C(z_,y.) which can be calculated

based on the primary mirror equation and D(z,,y,) which

is the intersection of the cone and the parabola of the
secondary mirror are collinear from Fig.1. Therefore, we
have AFD=DC ( 4 is a nonzero real number) and an

equation about y, is gotten:

Y5 Y5
(z.-2,-2, +72)Y, =(Z-z2)y. +y.(z.-2) (3)
2p, 2p

2

Hence, we can obtain the coordinate of the
intersection D which determines the base radius about the
cone.

According to the detailed schematic diagram of the
ray path as shown in Fig. 2, and combining Snell's law
with geometrical optics, we get:

k=tang=—Yo_ @)

tan20 = LYo (5)

......................
primary
mirror

cone of secondary mirror

Ey)

Fig. 2. Detailed schematic diagram of the ray path
reflected from the cone of the secondary mirror to the
primary mirror

Therefore, the slope and the base radius of the conic
parts in the optimized optical system are determined. The
detailed data of the elements in the designed optical
system are listed in Table 2.

Table 2. Parameters of the cone in our structure

Curves of conic intersection

surface

slope k |pase [top
radius [radius
(mm) |(mm)

Secondary mirror| 6.4193 3 0 D(0.038,3)

Primary mirror 6.4193 78 75 | B(-235.31,75)

Based on Table 1 and Table 2, the primary mirror and
the secondary mirror of our structure can be determined
and are shown in Fig.3. Besides, the received energy
distribution of the traditional Cassegrain antenna and the
optimized antenna are depicted in Fig.4.

As is shown in Fig.4, it is apparent that a light blue
ring appears at the outermost of the energy distribution in
Fig.4(b) comparing with Fig.4(a). The same result can be
obtained from the two dimensional energy distribution
diagram in which two peaks appear on the edge of
distribution in Fig. 4(b). That means the incident rays,
which are unused in the traditional Cassegrain antenna, are
now reused.
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Fig. 3. The primary mirror and the secondary mirror of our structure.The dark purple part represents for the added
part comparing with conventional structure. (a) cone-parabola primary mirror (b) cone-parabola secondary
mirror
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Fig. 4. The received energy distribution: (a) The received energy distribution in the traditional optical system,
(b) The received energy distribution in our optical antenna system
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3. Add chamfers

When the tapered surfaces are docked with the para-
boloid, continuous smooth surfaces cannot be guaranteed
and the beam paths are uncertain at the joint surfaces. To
solve this problem, chamfers are added to the top of the
cone and all the joints so that different components can be
connected smoothly.

The profile of the secondary mirror is shown in Fig. 5.
In every connective section we make the conical line and
parabola tangent with a circle (radius=lmm) and the
corresponding pointcuts are N and R. Accurate
reconstruction of planar contour mixed with straight lines
and arcs is achieved with position or tangent continuity.

Fig. 5. The profile of the secondary mirror with chamfers

Fig. 6. Schematic geometry of chamfers in the secondary mirror

According to geometry relation shown in Fig.6,
equations of the secondary mirror are obtained as follows:
segment CN:

yzk(z_zc) (6)

circle E:

(z-2,) +(y-v.)" =1 )

hence, at E we have:

1
ye:k(ze—zo):k(ze—zc+w] €)]

Then, by Eq.(2) and Eq.(7), on the basis of common
tangent at R(z,, Y, ) We obtain:

Lot B ©
yR - ye yR
Substituting Eq.(2) and Eq.(8) into Eq.(9), we get:
e 1y
(k+ “sing ZprR P2 (¥ =%.) (0

Using Eq.(7) and Eq.(9), we can acquire:

NP
RLT2 % Tgin
(P2 +Y2)| Yo - Pl _ye
Yr
P;

Finally, combining Eq.(8) with Eq.(11), we have :

Hs—:]z +1}(yR —y,)=1 (12)

From Eq.(11), the value of y, can be calculated. Then
we can get all coordinates of the pointcuts(N and R) as

well as pointC(cosﬂ, z, +_i—sin ﬂj .
sin g
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o
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Fig. 7. The vertex angle of the cone with chamfer

Based on analysis above, Fig. 7 is drawn to show the
vertex angle of the cone with chamfer which is conductive
to processing craft. The eventual parameters which suit
mostly for our design are listed in Table. 3.
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Table. 3. Parameters of all pointcuts for the secondary mirror

Coordinates of the
pointcuts C S H R N
Z(mm) -0.4059 | -235.3102 | -235.3144 0.0359 -4.5173e-004
Y (mm) 0.1539 75.0149 74.9850 2.9347 2.7564

4. Results and discussion

According to analysis above, we apply an
optimization to bringing radiation coming from infinity,
which is considered as parallel and then reflected on a
given pairs of cone-parabola mirrors, to be parallel finally.
All surfaces can be obtained by rotating symmetrically.
Based on Snell's law, the complete optical path in the
added reflector of the optical antenna system is shown in
Fig. 8(a). Furthermore, the reused energy on the primary
mirror in our optical antenna system is given in Fig. 8(b).
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Fig. 8. (a) the central beam which illuminates on the
cone emits from the antenna. (b)the corresponding
received spot of (a) in the optical antenna system

Fig. 8 shows that the incident rays, which are reflected
by the cone of the secondary mirror and the conic part of
the primary mirror, can be reused in our optimized
antenna. The light emitting from the system is parallel as
Fig. 8(a) shown.
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Fig. 9. Profiles in the optical antenna system. (a)The spot
in the Cassegrain antenna system.(b)The received spot in
our optical antenna system
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As is shown in Fig. 9(a), energy in the center and the
outer circle is increases obviously compared with (b),
indicating that structure proposed in this paper can
absolutely enhance the transmission efficiency.

The transmission efficiency of the
Cassegrain optical antenna in theory is

traditional

a 2
_[02 d6'_|'r exp —ZLZ)rdr
Mg = O —75.46% (13)
2z a 2r
IO dej'o exp —w—g)rdr

However, the transmission efficiency of our structure
in theory is:

27 & 2I’2
JO dé?L1 exp(—w—g)rdr

77n0\/e| = . a 2r2
I dej exp(——-)rdr
0 0 a)o
) (14)
27 a 2r
J'O deL exp(———-)rdr
+ 3 D —97.46%
" d0[ " exp(- 2 )rdr
J-o o %P a)j

where ¢ =0.1539, &, =2.7564 &, =2.9347 according

to Table.3. For a more practical result, the reflectivity
should also be taken into account. Then, the final

efficiency of the novel antenna can be calculated as follow:

7= Thovel (1_ R)Z (15)

After considering different reflectivity according to
[12] and [13], the efficiency of the novel antenna under
three cases is figured out:

Case 1: R=1.00%, 7 =95.52%;
Case 2: R=0.50%,7 =96.49%:;
Case 3: R=0.10%,7 =97.27%;

In conclusion, the novel antenna can further increase
the transmission efficiency from 75.46% to 97.27%.

5. Conclusions

The characteristics of a two-mirror compound
Cassegrain optical antenna have been presented for a
distant point source in this paper. The design of the
antenna using a cone in the middle of the secondary mirror
and adding a cone-shaped torus at the outer edge of the
primary mirror offers better efficiency as observed from

simulation. Under an ideal condition, this novel antenna
can increase the transmission efficiency to 100%. After
considering the chamfers and the reflectivity, the presence
of these conic parts which can further increase the
transmission efficiency to 97.27% in simulation still
results in much higher energy utilization comparing with
traditional antenna.
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